| ,./Qa‘?éo"o!i 3 j).ﬁ/gt A,&ﬂd
on quam fom commemen oy
complexity of set disjointres

And s fmbarais
Universidy of letvie



| ﬁmmv m‘gm‘rbn cOoM ¢I ex o‘.l.!
/[':7 5 ce ST 3 g QZ
. )4

f(X, )’) 4

Communication ccmp/em'/é( =
the number of Cqu) bets tHhat
Alice ond Bob neeed o Communicate

fo compute f(x,/}



1. Blice has > < 49 7}2 bob hos
¥e<0,73" and They have %
defermine if  x=y
2. Compute [P(xy) =(Z #:pimodl
3. Dis? (x,y)- v (xe-Ye)
( x upilsenﬁ Xeit - al,

y wpreseab Y<if o~ )
Dis3 (xy) = ¢ .,?' XaY#0)



Z’Qu‘gnfs

- ;Sé?mpfiny : A/jcz ana/ gc‘ S‘fan‘
Witk no input and have fo procluce
£,y so that {my) (s ars t1i bofed
accoadu? fo f:?

-{ *SﬁMﬁ/!’nf . Mo lnpuf, Kave o
prooluce

g oyl 2D /;/3’

o Hh x feld " l&‘ce) b4 ‘y 5.

Q"
B



Pﬂ“d!?c‘ shc : |
20(n) bk needed [kSP0, Reab 72,
((uantum:

6[467/%) ?«6{& eaou,&.
L8Cw 772 Hwa2]
20 ﬁ) /o wer bound [Ro\ei 02_7



‘Compuzn F(x, 7\'4>
/n quer: mod e/l 0 {m)

Computing
F Oy, Yo lh, ) Xa i) | O (melogn)

n cCommumication mods

- Lommuyni cation lovea bouad's
Ccan be muck mote difﬁcu/&



QATE * cd

- Gover's seaxch

e[ T Td
X, X X

Can find ¢ such That X; =4 w
0 (Vn) Quantum steps.

- Set e/(’sy'ofm‘nesn
Definl Xe=1 4 f cexnt.

- 2(rn) stes O(/a? n) ?«‘z/ comam.
in each af them. |



'Rcﬁvliicf {o W}r- }i’};, % Const.

= Cc)mu acotion maf«l X

- Step 1:
profocel with c qubit commum cation

|/

P - low-aeax affcom‘mdc‘an of M
P(xY) - pmbabc‘lo‘fy fhat ,m-olvco/
answes f'[)(,y): 1



Outline

- Sf‘cp
,-Q‘(' Z?‘, ‘C WLQ.’C Of P(x!)
Ixh¥/= <.
COnsm’uP ( Po, Pa, - Pl’?
9’\\ \Y/4 \J/
€ 1-¢ 1~ &
- Step 2 :

cxpc&s p Z a; ;\j

“J B “9“""@( vectors

210‘/1 S 2 <

- f{ep ¢:
s how }'\3 - polynomial of degree
-5

)‘" - small it J3const e



?‘: (P°1 P, ™ PL)

MN YY) \/4
g 1-¢ 1-€
tep S
- consd € -
- taxe P :)g QJ. -aj

‘3’*79“’ approximation of 7.
- f;': (P;: Ptj)a

P,,;’,:;{e:?, y—/mly of der«. Q{Q)
- Any such g mrst Aave dcy'm Ry



low sonk epp '3‘!  x_;‘n.ﬁ_m .
Lermma [Kremer, Kw] Statfe after

Communmcets ng - quh /s

)5 5 A O DD
34 {500
e NO*Q il‘ :‘i /\ & f? “’ \ ",7'!. ‘/ 'S a
state thot can be crtated witho ut
communication.

{

\’ 5 i %‘
,



low 1ent sﬂ&“lmﬁm

- The P‘to‘chl'fy f poﬁcal claomm? o
Fix,¥)=4 s’

= z<4f.001<3 (]-214 GBS
*ZJU,,(X) [A; (X - <£ (D& (%>
= Mateix P ZP,’

(Pej)z, LA 00 1A 005< 8B (015

2aac 1.

- Ranm cf P 52“



- M- matax of correct aaswes

My,p = £ (XY)

= P- matrix of proecel’s oufout
Probabilifies

- If probcol conect,
lMxly-—px’y/SG‘, ”N"p”w%é

- ﬁm!r. P < 224:



N: = aumder o’f (X,'0: Ixn¥tl=y,
= Tlm\:
Po CE, Pi21-€ ﬁ\ i>1.

- be can miﬁ
pe = <Pl ,‘(3>)

m,;)x.r_-.{m f ixab=
{ O if /Kﬂyf¢‘5



_ﬁ"gagqas |

1 £ £ - Ze

Mol Aoo 2oy = Ape
Mif AJ.O )f’ )\fj
Ml e, Mg Aee

‘NA*diCQ) 'ﬂa, ﬁt “W f‘( sSene
ecycnvecfms

- 5'3Mv¢cfo13 can be ,ﬂh‘ﬁcna‘l n o
eigeaspaces £, &, - £, ¢=]%]



- &,E, - Lo are common o any
matacx My, - §(IxnY))

- dim L, = 1,
dim £ = [,ﬁ)" {?‘~¢>

- -1k . &)/

- F = linear combinations of

[ Yo s Ox /3 # A Jef € X

otlerwise

— L= RN (EJEM - i



Eo { AOO A'O
£ | Aoq X gq
£9£.' )\oi. )\46. -

“We pck @ svo tThat
—’
F-7ak

- Mot Zla;] € 2°°

- N

R g R | s,

&4



Faeo fies of e &

Claim Lot i, be bhe egenvalue of
fs Corespanding fo eigenspace :. Ren,

1. Agc{ = ;:,f {5;7) ‘%",ﬁly 2f d" ¢
( Hakn po/ynom‘a/)

-d
- We can omit X, fn i 2 toast. ¢

- RCMafnin’ veefor

"; f%:'h‘} A

:%‘; a S‘ - (3 (9, ?W;; -y =)
7- poly of degeee Ofc).



nggn!o'nd‘ﬁ'gg
-—We now heve |
contd- & _, ,\
3; a X = (g90), g0, -~ g&)
-9 () 2&+4d
- 903 7-€d it +7

- Pol ynomeal 9 approximates

f(':):{o <=0 |
[ 1 < €(7, - 1)

- Ths tequites degree St )= L2 (V)



Hpprot,mahon
- The last step s He same as

in  Quantum lowee bounds by
polynomals © L[BBC+92]

- Tle/v used 5(’1) to descicbe
state widl < mored ctems.

- Razbotov uses 9/;) ¢o descibe
the cast when /xnFt[=c.

- Communtes t'on comla/zm'}y
sirv leen Yo quety aamp/em’fy ?



Cone !_tﬁ‘gn

- Raiborov Aes r{own J2 1% fower
AO'MJ on Wan#m commen: cafHan
Con)plfxi@ of se? dl’rjo('nfner;
teso /w‘ay S-year old cpaen ,«Uem.

- Bouvnd rs also twe if Alice arof
(7od con shate an enfa':;/e.mu{.

- Bound extfends fo eotder :}ommefalc
fwucﬁm. ]'f f(’)ﬁ Y =9 ft

[xatla, 106028 for aet
L (Ven j [ower bound



Sampling

-5Qm’/in9: |
geneate X, ¥, £(X, ¥)
with  (X,Y) unfoamly olist wbuted
over (¥%l< Y= ¥n

- Q- sampling:

gcnud‘g |

S HOIYD 102,05



Results
- Computing DiS3 (X, 1) daxea (7 log
qubik if Ix]= 1Yt [Bcw 977,
- RQiLOQOV'S pﬂoof ?ives us Y ’fw/;.,\
- 5am,/t):, /qsamfh‘n, Can be clong
with O (';’aa? 2) qubih .
~ Classice /(, botl tesus /s‘amplinj
and computing) Yate G (Vo biks.
- ot s Aappomi\? 7



= A/gou‘f‘m ﬁ‘r fdm,/fd, Jf’{/bl'ﬁ/‘
svbsek uses }4‘9:)‘ o/ ‘,9 ce}uu?«q
Fo sehve P o blem

- Kazhorov sdows Het even }fu:"

0 f i/;) e:‘;em)mw cannot solve
Compuﬁh; /m‘/u».



f(m./ﬁg'_
'5&0\0/9/44’9 uses &, obstance }‘4 ¢1n

| XY lP"iY F"f
('-:an’/mi 7, a/:}’/ua)

- COM,m‘"ny uses .o distance

mos [ Py y = Ployl.
%, Y



Fotvee wo

- Query complenity hes hts of weselis
without coun 1‘&1’«1& ’'n communaicetion

Comp Icm’ly s for exomp le,
&

Qh 2VD1p

fbf any Afa( J[
- IS {‘iS {twffm Cohmvm‘caﬁoﬁ *CO»yokn‘ry




