Lecture 10 €PSC t1/¢y7 - Lo +o KC

Renoniblu Loi.‘c_ ank  Oracles .

Optlint

- Oluargum 1ury mo ole]

: T\/P% !f 0\"00[%
: fzem;bk clrants ,m\c;”a % \9avLaj£ quba‘-ls.

—

How + L-omrh"{ classcal  Booloan functions
on o ghantum MW?M‘h’A’?

Quevy made |
Classeal : E‘_a- F: 30T 01}

x —| £ |— ft ¥ — Flx)= 2%
MYM* ovaclR ol V"ﬁ "NOT ufwuﬁor\"
Avianiam

1) 2 —\fep €3 Same NOT fimchin

] cufw[m'ah‘"‘f
if‘*‘"’ “’\lﬂ" %a,wrx)) "X gate".

oLf> + 611D —s Al (oD + Pl
$ el + Blo>

\/\/—)

~ 2l-le



%.s%e 1’. Giuat ¢

This is like A fguery Ho Seme memovy
whove X is the addvess, and Fl0 is He ded.

i the bey hue is WO can
“016(.655 memov;/‘émlmi-e )c 'ir\ $Mfev,70{}¥l'0n.

To nmmyﬁ'ﬁl\ s, —E,—" mpst be A q. Cif (et .
(reversible )

flocall fm on earlier lecture
Thw /Jny Boolean fumctons - oy} = {2013

Con be “"*Yh'l'f’o( by a rev-enible (Crcui-]-
ok bits inprt and e b onipet, e zm,n .

Let's see how 4o do +hal fir goreral £

)C: {o\l}m—> {on}“ .
/Pmbtem#c? mEN .

— v
el { ":"le\m\ £oe) [ }‘f"‘D

mn bits n bk

l'/’\le can fix HL  mismatch 'f ?h]?h'i/owlfn-l' :
Bit gracle’ (XR oracle) O

"aJJveSJ l —_—
e e =/ — % o
egiel {; o L }

. f .
oottt by § T — 1 (beft)




] 4 \ _.’I

‘_‘l—’—a

vej:swf

o bitwise ¥oR .

[CC)/': S\J'ov;wj ‘F(X) DWl"b'F-f/dcz .
% o polfe)
When (b = 18> , then  [Ole) ——> [X

ECMML . mith §hP&fFus\'H0n :

S, [0l %> ';oz,|x>b‘m>,

éﬁ_‘ :F = AND : {o“}'l_') fo.l‘}

%X { - { ‘ S x06>
| ——% N ,OQ(X\'\X1)>
"Phese oracl 0f  (fx n=1)
L : K—g Zg #\.‘3‘ 3/0L41,’A€S?7

—
—
a—

M{ :LO_;

—
—

—

Not if we ftd'

—

} ( _‘){o«) P>

kC)/: gfbﬁﬂé W{Pyﬂ- /\y\ #\l flm-:e

in S‘ur&r[)os;y .

fompek : gufarosﬂ—h\ : golxlx) —-‘-9’C/> ?J,‘ (‘*){mh‘).
w' Aja\'n for AND .

a—

% %) { : i : (-\)W(L |2

+
Boms We om nse Or ho imelewent O



] J

—— . - 7

Zn-wr :
ﬁ — f |X>|-7 = é(]y)lo)-lx)ln))
= .
kY= { — L (10§03 - [o11e46>)
1f fzo0 :
L ([0l»-bo1D) = k1
It fm=| :

= (t[>=-101) = ) 1)

= 0
(% ol, lx))l-> —'r,é ol, (-\)f‘fx) ”‘9}9
SS9 tn L AND €7mlnPLC :

?etxlx>{ % }%d,(-l\ IS
-5 i _ 1> R Seem 4o Change |
fha condo) qubils !

Pl’lase ’C—f‘ck[paok — & Choser lsok. .

20l1%) 7 =% ()" >
> l .

olo Y oy o/s
(LI +ulD) (LD -51D) = T2l = ZpD+ 2D -5

| ewot

ole olo oh o,
- Flod+ F1d- Z

< (d,|o>-a.|\>)w ( :é|°) - 4'_3[‘>)
T e



Contwo| gnbit fot = phasz !
Le{-'j oame. back 4o Hhis dea of ns.'n? Scratch Space
We need Seratch SpacL b)/ Oowrhﬁ? ar ju»m
t funchons o n-bit feput , N-bit ovipRt = (2)
{ # revershle fumchmg on n bk = (Z“)!
U can be wewed o pormutanons
+ Reversible functlom u o small feackon .
(2)! (Z/e) ot
© ) TN
© Rovonible fimctlow om () biks = (2 ) >(2)z
How much sScralch space oo we neeod 7

Hon +o save gnbits by .remsiwg oncilla 7

—

x> {—:— = 7

C —
anua{\g — j""‘"je
|o>__r- _

W_ fv £= AND(% %))




|hfu‘|' } 5a~L¢:JQ

Xv,
ol
ane ’A{ —i\ fvxax) ov&fw}

For ’hAMA-H,/)/' Somt of HM jnrécje bits con be c/eaneod ".

:’ ;L We saw Hat Ak
x; Xy n las?— locturt oo
o —€ € o @
2 ~ 'r(xlx‘lXS)
In Wﬂl, we (an Pov-@rm unmmrm‘n-hou S*Ya#j/ef
— g -
n lx){ : j 41 3 |3
—_| C —H4C —I»
o> —
m{ il ; | '. »'o ©
1o)y— 7 1, oD
P t unpemrmfn 'han
:‘3 ' \)(, — } | fre) OIA'fru‘l‘
> '

”“\S seems o lm\,-e /arje avﬁr'\ead 'H\ou\j/\'

We neol 40 Tun Myuhh\m C -Porwcvpl and bdu,‘ﬁdrd{'
wl« olrs weans W-\lngl\'/ flw»c.e 3 /oua Cn‘lw'l'

We Con muol\ W '

Divide -awol-&nfw ( reversible pebble gGame ) Optonal
Tdes . Clogn Man{Laqg rpzfmr/)/ l;)/ uncomrw)b?_ paris of C.




I v v

Ouline
. OmmL( comrwwkn inbo M Steps (assure. m=7 )

o
f j — Co., Tt CM-I
~ ' (Ead\ accumulate | wnt of

-ﬂ—i_ Jnrbnjg)
Z . &"\s'}nwl' a bm'av\aJ Ln‘vmv\/

0

o 6 o
§845-bbbs

Leaves : Cowmputhbon stegs G

Bfavwl\ej —/79 -f' .Ff 70-’

3. Run L‘om‘m’rm‘:‘on acoorol'ng 4o jt,\,d.‘

- - e

dnee of o layers.

) o MU ov ba ccumh o'( ’2
H uch 9 Lje a hie } PS¢ 5643,
- How L’"? oloes -me Joke 7



