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Last lass we Saw That ve can (with ek
onc/llas and Fthe Tofal, gete which can be construcled
€rom a universal 90+€ s‘e‘/‘) /'mp/PMOt!T 0"\/ class/ical

EuncYtion ‘ngoaﬁh—“') fO\HM reversibly a5
Uity — x> 1y 0€693

What happens (€ instead o€ (X7, we give UF
@ supr-postion 0F every classical n-bit Stafe

|
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B\/ [ A ear/ty,
M{(;}_;., Zx(xwoy) = JJ;*« Q 132 [-€069)

So in e Ffect we compute € Q" +imes! This

is of-Hen celled quantam qua(lefffm. U nFor+tanatel,
(€ we measure 1he state we only get- one valye
of f(y), S0 pafa//(’fifm alone rs not @ProugA +o
Jo SomeTAing urclasSsical, Todqy we besin ouv STuly
of g nenium algoriTAms, vhich use parallelism ond
inter€erence Yogether o oatper €o,rm Classiral algoriTAns.



(PfObabr‘//S‘*//C vs. q/(ﬁaﬂ‘fam a/yor/‘f/ms)
As a uentum algorithms are closely related Ho
probablistic algoritams, ve'll Start ours iSCYSSron
by seeing how they V€ er Crom classical probebilistic
O/QO’"ﬁVhS' 1Through the use ofF interterence,

CQAS/QIf/ ) C’Off/(‘q{ p"obqbf(,'s\/,'(‘ Qlyor/"'/h/p’
which sterts /n The [00) state., Thea tranSHronS

to one of The Y States 1007, 1107, (07, (1D with
SOMf Pq/fr'ru/qr pkoéqb//,""\/1 Qn(\/\loPy T"!/’J‘ O*Fod"/',ﬁﬂg,

We cqn describf fre Qlya/r'v‘hm 05 The ,0/0606///57‘/(‘
Fqnsition 575‘7"9/*\ belov -
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The probabrlity we end up in State [00) For insfance
s the Sum of The probabilites of each path

+o ,00>, I,\ qu‘,/'('u'qr,,

-1 (00) = Z) Po,) 9.0

Vote that i, G,k 20, hence each path gdds
+o the P’ﬂbqbf'/(‘/—y of gefting @ pq/+/?‘q{gy
resuq(t



T we instea (‘/. had @ guantam process with
Prpbobr'//‘f)/ amf’/’_f"dej 0(,‘” 2( ’3)'1“ ond we

measured ait eqach step, W€ would have The Lollowing
+ransition Probn o 'l 4/es
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and 50 pr(00)= £, [o,j1 2 (B0} where (%0 218,0/%20

T€ inStead ve Only measere et The end, then

+he Probqé,,‘(,#y qm,o(/‘fmﬁ/e; add in s""c.a»d7 and snce
the €cqn 5¢ l\(;q‘/ivf7 some of Hhe PQW\S‘ I(QQ/"I'} Yo
the Same SYate may cancel oat or r’/\‘/PﬂFwo.
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Here, P’(°°>:l 2; °‘°0’3;,0’Q whoe o ) Bj0
Can be nesalve.



(A concrete exemple of interLorence)
ConS/oder The circart

o7 —( -]

Ve Can dran The (?/uqrm‘lm\) YransidionsS ag

' Note: eorchran sY0hn
IS SCaled by '/\,-Q-

I*F ve were 40 measare q‘/‘ A e P’K‘/‘y W e 90’7‘”
Pr(o):,é‘l—% +J'.!IJ—%IQ:,

pr (0 =z & ra 21?0
Thet is, the two paths 10 —20> = (12
and (0) — ((>—> 117 have oppﬂsf‘/'f phase

and Aence —qnece| Ocr/',/

This process o€ vwriting The amplfude of a +raasidion
a5 +the Sum over all paths s Known @5 The
Sqm—prol—pﬂ"'\j‘ or Sum-ovesr-hStorieS technigue and
IS C/DS'ely reflated o Foyhmqn";‘ ps‘H\ ,‘,r/-pg/ql
Lormulation of guantum mechancS, Mych ot my own

reseasch relates to Formel2mg the sum-oves -palhs
Fechnigue to do Symbo(/(' menpu [af ions of q uartam 9(9,,«,1 %

Ast me about i1 1T youre nterestod !



(Ingreo//m‘b‘ €or g uantum a(gon"//m\y)
To outperform @ classical @lgori1hm, 3 ingredalS
are needed:
. 4 large Saperposiiion
J. Tater Ference
3. A Aghly enfengled State at SSome ,00/"\‘/'
\u/Ay Jo we need all 37 Welly if we drop any
reguyre mm‘/‘, we Could c/qs'r/rq//), Simu ([ate The
algorithm € Frerenlly:
|, On/y po/y(n) stafes /n Fa,op/,om-/w‘,bq
“'}0"/}’ polyln) anpltudes to kepp treck of

Q. No interference
—) probab/lisic simulation SUL£,e$

3. Vo entanglement
3 1) =168 (D8 - R (k)

Pofy(l\) GMP(I"/QGIPS ‘f‘o ’ffo(f(

So without afl 3, ve can Simulate The a&on'#\m
on @ classical computer. Wilh all 3 Aowever,

mqy[r‘al Things Can ‘\qppoa.,.



(B(n(ﬁ—loox mode( ohrd g Uery complexity)

In than‘fllm q(9 orrTAms (quf‘/('ty(aoy early ones) we O’F/Pq
Considler p/obl&mp /in the black -box Modfl_

Black -bex _preblem
I‘f\pﬂ*f a black-box or oracle Computing Q -('and/bq-f

900(.' Jetermne Some propesty o€ € by mehing ag
Lo calls 1o € as poSsible

EYQMP/?: polynom/a| raterpelation
npet’ Q@ €unction £:R = ’R promised +o be
9@‘40( 4o @ degree o Po(),,\o,,”"(
oal: €ind 9 Po//AoMr'Ql y(Y): Oot q'y-f-..-f%yd
Such thaet 90{): o UYx€R

How many q,ufrr'ﬂj o~€ € are heeded?

— d 4|

(Query rom,o'm'v‘y)
The guery rmp'ex#y ofF a pmé/em Is the minimum

number of q/urrr'o': ne pdpd fo SolvednThe
blach -box model.

(Deu‘&(4"5‘ pmb!mh)
input: @ Fanction € €0,y — §0,03
goal : d etermine the parity €(0) ® € (1)
(/. o. whelher € (s Constont)

TAe c lassical Query (‘omp/m(l"f\/ o€ Deulsch Ky

P"Db/(m ' S Q:
VI € we learn €00, then €y ®€) Con b e

p("/‘\ﬁ/ O or ‘., So Pl"/‘\P/]U?Sf Con b wreng
00,’7‘\/‘0 ‘(0/ ‘P(')



Th the md 1980, David Deatsth showed thet
Yhis problem Could b solved by a Sngle asuentam
g uery. We €St need 45 b2 clear about what g
q/ud’\‘/‘a/"\ Qunery 's howover.

(@uam‘um blog ck-bex model)
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( De alSAAs a (90/,'#.,,,)

A q/uar\f’am crrcurt Compating €@ &€ vitTh one
q/“qr\#qm guery Fo € is
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Why Joes Th15 work) Well,The set-up before

(Ho)Ior 117 = [+21—7

Tn 1hiS case /1 will b6 Conwenient +o viev 2
as e S'ape/por/-//'a/\ of oll classical b/"/S, So 1hat

42(=) = (é sx (x>)® (]



Now, what Aappens when we gquery € with the
SP(PA(J q/abf'f’ /n TAe Stote (->?

"44: (x21-2 = U4(,—‘ (x?107 = — z 11 c))

J- IXY €00» — r (x> (1ofcd)

= (X207 — Lz =002 I fey=O

sy - flLi O (09 =X PE1=) I+ fo) = |

TAiS IS known as phase k/ckback: Snce (=7

'S qn mgmw'r‘/br o€ thre +trans forma 't fon

ly> — ly ®€c9),
(4 prchS up & phose of *[,
to the first ?/ubf'

q/(/oc’//fd € on e S‘a/oP/poS'/‘//on ot I)()S'

wl\/e‘\ we hkick back

Mo.,\/‘ S'/I'\(( we
ve 90'/' The phase ) M for €eaqCA X

o
UF(fl:'a ix‘><>9l—7): L Z -0 6()|><>> sy
) P> + ¢ ® m) B |-

()
TF F@=€0), thea (¥)=% (47, and € fF@FfW,
fhe to) & 1P s‘+a+es Aove o re!amw phase Jd Flerence

of (), Se ((? =X(1->, Hence,
1 (o(=? ,'F € =€)

(H s1) 147 o1-7= {1 (131=> 1 € € £ €0

= +H|f@@FW? (-7
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To Sammor r’ZC7
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Cconstracts emgenvector |-
to tara Ue into a pAasSe ora(,(
(x> — T2 10

(P/\ eS¢ 0saCles)

LA one sense, The Second qubrt /s not really
necessary : I€ /n our blaCR-60x mode(, e Conld
query € inthe phose,i.e uz;lyyq—-)(.,jp‘(),y>

e
x> —(Te— ) 130

we Could write Deatsen's algoriThm @S

(0) —{—{Ug HH }— (£ €0

The f((ond Q/hbr"/' exrS$is S‘o(o()c Yo I(M,O/(M'P/W"
the phase oracle UF Trom the Stete nrecle Up

Viq PAOJ‘P kickbac k. Tn 9enere [7

— (V¢ - u,

19— f >

Nm\-o however 1het 145 onli) worts for Y/he(P—ouﬁouf
n =Y
fynctimy € §0,13 — $0,03,




