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LaSt class we viScyussed the EPR paradex which

Sepmed 1o allow inStenToneous Com wunication
qad Rob. ThA/s led Fastern and ofAers

beotfaeen
to bP/pﬂ/e T‘\'.r{' Q/(AQ"‘MM 7‘/\90/y wa S M(‘Dmp/f"fe
Since it oppesred o Violate velalivity. They posided That
q (bmf'm[‘( /O/(—'C“Vf of” rPo(/‘fy should be based o4 lnca|

A, ddp,\ \/a/mb/pj‘ Tocfny-, w( (o.oh 0+’ BPH b f'APo/PAq

wWhi CA fqmoqsly showet Y4eT %aom‘um mechani€S connoT
be predictey by eny locel A/ pn variable mode/,



(LO(‘q( hicden variable moo/o/S‘)
Let A//(( and Bob shave an en‘l’anj/’eo/ D

(P'B‘ €ov (‘onrfP'fP’WSS.’ é({og) +’”))>

A ool hicklen variable modr| asserts thet for
a Set (or all?) /009576’( Singl e — g ub+ measyrements M,

the result of measdring M; 0 Ailice or 30b7 qubit
WS e determnod af The Fime of Pn*fahj/pmon‘/.

Say we have 2 meaegurement § /Vl)( b4 /i/)ej earh with Q

resa Hs,, D or |. Denste tar vesuld of measuriag

/4/,'(( or DBob’s q/wbr"/‘ fo,z) (A) &//‘7”“}(’3)‘ T/v‘y

means That the U values My ()4 mp 05 M B, M, (5)
exiSt in 1he universe and @ re (ndependedt of vho
meqS‘W‘PS‘ -F/‘r)-*/- amd ) WA;rl\ boses ‘fbfymeoj‘u/c,
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(Boll’s inequality) e

My (M) -
Lot Aoz ™, A0
B, S(y=® B =0

[hen (on average)
Aot A8 +A B ~A B =
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Note That DBo=1B,. I€ Bo= BB, then

Ao Bot AoB TA'B"/A(Q( =A4, IR
Ouevr N 47!\«\95,\ 'f./w m'/p/qyf fS‘ hence
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(Be(("s fheorem )

The inequelity abovt can be violoted with en eatengled
q/qqA+am state:

[, Star T with Hhe entangled s+at e
(¥) = é(loa F117)

2.Let M (A be meas. n §1o(0]3
M, (F) bt meas. in ‘.!”1"’9//,,,, | //WH
MX(B) be meaS. (n {cos%to)a,s;n-sn“)’—sm%|o7 'r(o:?{,)}

' : . "
M;(B) 5? meaS. | A {CoS%qo)-sm%u)’sm}m>+(b$2,pj
Nibey \\'5;)
3, Mow we Colcalote meas. staf/stics...
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LP. By a Sinlav oryumm‘/', the P)(,op("/'O(J valdes @re :

'f -V -R H:' ~-_Je
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5, Mo o, what is 1hp expecied value of The Sdm.
FE (Ao Bo 1‘,40 B( "'/4‘ Bo’A,B/)
= F(4,8) » EUR) + EAB) —TE(48)
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A common Theme in Quoertum (vmpdﬂ/ Scence /s o
phrese the above in 9 more Computationq] way: a5
gam e where Alice and Bsb are not allowed To

Communicate directly, bat Share entonglement, L175

hoelpful +o see b5oTh )oo/:,oec-v‘iws, Thoug A non - lo eq |
9ompJ Loy’ [ Jo Coplure the modera 9mprql,‘z.~/,'m

of Bell*s Fheorenm 1o The Kochen = Spectfier
fhoorem and notions o€ contoxtual i1y, which
we lock 7he language Yo express w1 1AiS parnt



(( HSH QQMP (Clauses, tHorne, Q,;Mo/,y)( HoH))
T/\egqme 'S o co-o)op/af/'w one where [lce ang
Boh Try te win agerst a reCeree. They 9re afloved
to €0 mmunicel ¢ be fore th+ gamr begins, but not
While 1he gamre /5 0N Meve are The rales:
The referee gves flce and RBob each « b/
a,b repectively insecret.

Without (‘ommum'(‘q‘f/'rg’ /‘Ui(p ond Bob eech
give the referee ab/t barft, X and y

A’//(‘( opr\ql Bob wih I"FQIMI Oh(y I"F
X &y = ab

(The classical Stratesy)
>< - >/ - 0. ObSeer '[-Iw-{-— xgy:O:Q'b unles Otbt(.,
so If akb are Yandom win 3/4 +times

(O,o‘f /'mo([fy for (/aS‘S'!'('GI)
Note 1hel any JeterminiStic Strategy , 1.e, Lynctions
€q+—X, 9 b2y
£a/ls ok af (east one input (27> of The 'HMP)’ Since
g £ 29 = 0 mod <

q,6€§0.(}

5 06 =(mod ]

a\e € §0,/}



To See the previons Fact we often qrranse 1ho oatromes
in o Teble (called q Pnn"/'y ar9 gment)

q b f(o ®9(b) 9
\—W]I/*F(Q) X TO)

0 | (o) i5) g9 (1)

(0 -F(l) 99 LO)

' @) o q (1)

Sa/hm[h}, the rows mod J we Sce That- € (a) qnd 9 (¥)
qpp el twire for cqCA Value of 9 & 6, hence Th 7y Concel,

SihCe X+x=0 mod R Lor all X 5(0,'}

S'nce d'\y probqb/ (st S‘fror*/?)y S @ Vr,’glrfPJ Sum of
JeFerminisiic PneSy re such strafegy Can suteed meove TAe A

75’% o/ 3/44 on awerege

(Quonﬂm Strategy)
P'e~9qme~' and Bob prepert the stTate M?’Ji-a(loﬂ‘f/"ﬁ

[€ q=0 Thps meosure ;a the Elo2, 1178 Loas/is
@Sl Thea measa’s ‘'n +he {'-{r),"—?} Las/s

Bob £ b=po tAen meaSure in § (457, (9,73
b=l Then measdave §19,>, (5,73

({a/'/p\ A grd Bob vin §5% of The Fime.
Proof : SuppoSf g-b0=e'b, Then Alicede Boh win i
1hpy measure 0%0 (i-P iD10>) o (& (i.e. i71a7),
We computed These probeo/ltres before:
01! +[&) +dICop- [0 = CasE =0 £
The ofAer caseS are Siwilal -



(Nm"oro(/"/\/ ond Querfum (‘m»pd*/a*hioq)
The Key fa k€ -away i thet wilh Shared entanglemet,

only loca| operations (/. e. operators & measuremens
only on ined Vi el Vcb/—r‘: or Sub f)(’*?f'd ave needed 1o

om®
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