&uM"bLM CaM.PUd‘aHM'. ‘w‘ure, 3

. D@ul-gdnfc W\QJJ 0@ ?uaM-wM cir cuats
. Deubech’ Pra\olw
. Classicdl meHod o€ reSolukion

. (Quanhum a|aar-iH~m:
Dw}sa‘n—gosao\’s OAﬂmH"M"



D:-ul-sc)a’s Moa‘el 0"— g amblin cirauuts
AS alre.mL, Mb\/ﬁmcol' every civet Cown

e wPf:Seal-eJ \97 a s«\na\c um'\'nq aFenHzm
yhee-oil i Bl mL gl i o
e C ect
aMd H’«‘ exkrachaa a?- \\'\ﬁn'mah‘m L\QrPeﬂg

Via a6 measurewenk Ele,.xxo, x,..zz,eio,*?}/
2

with beb(lz,.~x.. >§ =\ coeqzn | Wouo >



ka b use 7¢4M‘7M« c Meedts 2

”) To swulate 7umha« P“ygacaj
systems  (wdk e ainn )

2) To sdve eficiently classical priblems
(\fv\/d‘«n\aa a Bovlecn gﬂd'lau e:{qa(g"_oioﬂz"'

= aur |



S %ene,n‘c stmges

4. A(vu, \\A.‘)uk o‘@ #:io,«%”—:{a,«%m S @&
Seciue«ce o-% n leits Xy ---%n which
Can be encoded Mby q 7mh«u state
|z, -~ 2> . We will canshruck swuperposition




D Mm'l-uy operatias (/((h Perfong a (¢
U®y>-> A, UP (>

z, -~ %, €3913

‘07 lwe an""y.

3. ﬁC&Sm\Mw: aubcome = |- >
with probabilily |cx,. 2, UP (@S] ;

Should be lMGL (or at leask 50) B stakes
|x--%.> coresporclng to Hue sowhian of Hu pb.



ot |
HGPC are two al%u—mPHms: wae::mfl;#)
- Wbzl glate = lo,0,...0>

A '@)\t\aj wm e asprement Per{.)arv»\eol M Hea
C,ow.')u\'uh‘md Vasis %\x,..x. >, xﬂmzne{o,"?j

mg O(SMPH@.; Coml SaMc"t\Mzs wa.

Sowme aolafih'oua‘ cnk an cavrceut Caw‘)(gsq'lz.




‘zéwau-k: C ircet ca«..‘ole,x:y = wiall't X ""PH"

—l—-—'——}'—
|

l
.
‘
(
)

\Aho“’la

(4 ‘l“"‘:j

P

\
|
|
\

- e P e ™~ —

T
>

o(e.PH«
(= nusber of layers)



i‘_u\aq“7 ! b&-@rg we. PPoCeeA to Hie
$\'7Ady o@ awr -F-‘rsl- ?ucml'um aiam'ﬂm)
ler us Mmhoduce Hre 3w.qn)um“a~acle"
%at-e U£ associaled to a oolean
Puschian P §0,43" —2 50,43
we. cansdder Mae case wmwa=A here.)'aul-)
“AJS can be ?LMML'%:J




Obsene ‘f,v-,.. Foat cnless n=1 £ @ s ‘ai\-jed-.vcj
the evelmaban of a RBoolean funchm f

'S W general revenible.

A reversble woy o{; euduahaa o faumcho
:@ 2 oblauwmed bc( awtgwc.wh\ng He memory
wth an “ancill” bik:

g(x,...x‘ﬂgxz (x,-..Dc.,,CJ@E(:c.,..x\B




Coﬂ'CS‘)ov\oL\aa 7«4%{,“" cArecul:

~ﬂ¢«ueﬂb£al-m.
1> — = (o{ Cenlrulled - U
[96a> uf — 126, >

1y> EE—— Hq@f[x,-,x‘b

(/{{3 (Ix,...%)@‘g)}: If.:c,,-’—x‘.)@)(ﬂ@@(x,..z;))
(Mﬁ needs tr be. couns hrackesl & eacl, @S



Uf_ is unitany  Tudeed, for ol iz elewst:
-2l &yl Up' Up (72> @ 19>
= << . 2 ® 49’@({:{..2{”) ( ( Xy -- KD S lg@f@.-@%

= <ag/l>- - <= <he (?(a;-'%’ﬂq@f@ﬁ»
) T L—M’J

=8z — Tz —=

= Sz Oz L Y 2N g @ Pl ) >
r - Smin, € J@fl-2 g @ fim 2>

= Syq fr every £




Deukchs problewm

+ We cuwe 'aWeM a (Boolean g«nd‘l‘a‘ ?:qug"-azqg
ond an crncdde caPa.,Ue. a@ eJuaJuaJw? .@(x,)
@.— a qiven o ok wno cest.

+ On top of Heak, we are Mmfrmedd Hhat

éoﬂr&\er EF S Coushantb | ic. {?(")’@3’ TR

or {2 s \oa\uce,al,i.e.gg(:é:{ fr half 4 Hee x%
(Z(x):o g.- e dHn&-laa.,@




Tlt\e, le DAV o{i e Prou&m < to
decdle behween tHese two allermabwes
with He lexst ‘)og;ﬂole ium ber o@ colls

to the oracle .

N0|'<--‘ W¢ do nek kncw cwau‘wa a Pn‘m‘
abovt M Shuckure of £ ; fust
He cbave M@mwal—.‘m_




Classical werhod og— resdubion
Cell We cracle m k dAﬂ?e.re«J- powis

2@ 5™ e FoQ" .
R YN T S SN
- o wise, dedare *£ i balonced*
Th e wost cace, k=2""44 calls b the
oracke are needed (> half He ol 4o Pa.m\

W order to ol @ (09, comeck ansSwes.




Pr'o\oq.\of\dch, akﬂai\"n.w\ ( otll ¢ lassecal)
Fix k24 & Ao e iid povks ™. 2P efoq”
(Wit possible ceplacemedt). Again:
- B(x™=. 2REY), dechace’ L is conshunt *
- oteerwise, dedare *£ i bolanced
The Prz,\oabﬂa'k, of. walemg an emor ( whick
Can only W‘PP”"‘ m Hee Pt case) ig -+

i
SO can be made as SMGJ‘ as Wwanked & G4) calls.




le’s cAn —Qos-za /S Wum a}amm

Cirewt :

\o>

\o>

1>

lq’o>

Up

| >

|
1§, >

| e >

| ¢



gl‘aﬂa O

Thnikhd skale: \%) = 6d® - Bled ® (4D
T T ¢

W\ /e
Cn cu‘“a
Qubﬂ-

= lo,0,...,0> & l4>
An exim Vomcdla" Ctm\aﬂ‘ is added b He MPMJ'
o allov ?w Ca«.PulnHms [ater.

n un‘oﬂ-s



H (4>
@ Hld®

VD & .-

H lo

"\

lo>-1v

(1) = =
> (x> d i
2 =4 e 991
6D+ h =2
= TIvE
: R0
Note

ST ®&
maing 3 l'-rn>

A €50,4? e
2 ﬁ F lo>
%> & -
i €io1)
PP ¥z
= (“K

A DT T gz
> ®
. 2,
|z, , -
<«
- Znefg
wA X-
T2l




Sl‘aﬁz 2 : Pasage "‘M‘uc‘k e ?uamhm orade
Recll O(£Gx,...2,> @I:ﬂ>> = |96, %0 & la“@@(x...-z,»
1@,> = Ugth)

— 4o Up (1 21-- 70> ® o33 )

2"t 2%, € o

1 {{TZ x> @ 2 i

%, % €e{01{ 2



naaic !

Rz, ) > - £z, ) >
Jz'

i 'x""x‘)® o> -1 ‘f €[x1-°%>=0

|1Z,.. %> ®

\ [

b cloy |, (2y--22,)=1
12,25 & 122 f £

(X,--%) (0> - l1>
4)4’ 5=

o) - 47
Y

= 125--25,> & (-
(x,- -x,)
— (—‘l\f .

[2g...26.> &



£[2. %) (6>=|a>
So |y, > = A BT (=D |z, .. 22,>® =

2" x,. % efou
T'A(, achaa c@ ug on Hne Mdua. ?ubﬂ*)
whick i¢ ™ & Superposiha. shate, hag

now been hrausferred ko Hhe fnt
n Qubﬂ's‘

Note : Fram nav o, we cadd he} e anclla

7«45-\-...




é"q%e, 3 : v amalya‘s i
s =(F® o ) >

AT (e o2
21 x,.-%,e§01] 'H qu‘?@ &
&

¥=Hlxp®..®H x>

x,
NO"‘: H \x 5= ‘O>+(“1> ‘4>= i %‘21
E P E%«zé» l2>




Ga\"n‘h\a
a SV
ery Ha
t\na “o%eﬂn
| we dola

|
3) =
A
,,z;
— (_134(2-1--2»)
2"”
& lo>— 3(::-65° (—Aa i
(2,
B

(z



Dea‘o\m\aa e kerms :

l@,> == (:‘-Z__ (-4)£M"&)fa%"*&j'a..&>

-3‘--&\5104"1 2" :q--*ueio,ﬂl -
O @ lOE‘ﬂ)
™ 0’-24 %h

éhaﬂ— L. weGsure menk ofﬁ ﬂ;@ @nl- N ?ubﬂs
state {2,..2> s obsenved wits preb. 'ofa,.z..l




L&“ US Considen Hae Pm\ic,u\w skake loo...0>:
(.. %) 2
* 14— (_4-?2. |

‘O(OO-—@‘ T 2"‘ 2;..1,6{04‘2
— { 4 F £ i cashul
O ‘:? % Y4 Lalcwca"

_,S_f’ ;f e adbpur stake i€ ‘bo..-o>‘g i¢ cansht ;

o\’\nu'wise) @ ¢ balanced.
(ow\o‘ Huve with @ $~\a%l& ceM o Hae 1u~‘\'um omolc,)




ﬁ\\ac‘l reusaanks

' Th on ached quankum conputer, Haere
Is Wore <o Phe sz\oa\aa'tﬂy e-@ a
Coreck answer & wnot 100% .

- The Pro\a\cw\ is o oy Pra\alevu)
as the %.JL kv\awlec!ﬂe 0‘@ 1@ IS
fequred to build Hee ate U?



