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/Von[gc.a/ G'nmes

C/au9~°r, //arne, Shfmwﬂ)/) 17’0/* [CHfﬁ) jdme

‘ Verifier/réferee sena,s A//'ce v Bcb
bits x and b4 res/oecf/ye ( .

. A/l'ce J-Bob respom{ wo'1l/1 .A:"ff
a and b rmpen‘iv e/)/.

Tﬁe/ win if xAy:aGBL.

<y, a,b €01

Exemple rounds: b

,'n/y“'f o]l | )(/\/:0/1)20

outout| 1| | | 2@bz10l= 0
S~ Win!

AJB reclovn(! sqm e
anles )(ry:/

""F"* ]| )(/\/: Inl= 1
output| | | | a@bz)el=0
Lose X




/Vonlgc.al Games

Formol definition

A is a fuple (L, 1,,0,0,,))

- 1.1, Q, O, = finite sets

»ar: Ll [0,1] - a prebability distribution

» N:OxQpxL,xIs—0)3 = the verification Function
}\(a,b[y,\/):? ‘lO i

lose

CHIH Came: T,-1,Q:C)=10,1}
W(X,y) = Vo  (uniform)
Aablxy) = %é it xAy=a®b

herwise



Classical 5‘/‘»*4‘/??@

: o pai of functions £ 1,°C +6:1,2C,
Tt Alice receiyes x, she answers %;l/x),
Vimdfavly for bsb.
Example on CH 54 : f.(:)=5(,)=0 Vxyef0,)}

the “always answer O strafe
09b=0D20=0 = ;(/\y uZ/ess,x:y:/ 4

Win 7% of flme

EOh | some £(0)

'1“"&
dibfevent

&)

Coz:g[g‘f[enz
P(Q.H X, /):: Ff;obuba'//%)/ /r'ce JB@A re,fn/ with aéé 9:’ven

ey received x+y re,pecfive/y

Delermistic case: F(a,b}a(,y)=zol if ﬁ(x)=Q+‘ItB()/):b
0. W.



A consists of:
* 0 random variable Z faking values in o sef S
‘a fair a‘f {unc‘hani ﬂ-’IA"S'—’OA ) fg’Ip"S"’Oo
Alice ¢ Bob “shayve’ 2.
If 2 takes value 5695, they A< [
W,'fh c/eferm;'n/dic 97Lra7‘eﬁy '64(',5)}1?3('{9))/

CorreepmJin} correlation:
P’—‘% F(Z=5) Ps
alablxy)= 7% £les)za ¢ flys)b

Cie (O, 0,1, 15) = set of classica| correlations

= (mvex hu/( of c(qss:a’
Jef?mim‘sf' i€ CWl’elQ'i'ions

max

w (//G')"= F?Cff xgzﬁp wlxy) P(a. lalx,y) Na.blxy)

LOA}Z&)LI;IP)W' )‘)



{ 9 ]€

A consists of:
+ a shared state lbé["‘wfl’ M xed s*ﬂ‘a?
- a Povim gx=§gme[*"4: 2Oy} For each xel,
-0 POV E=160" 5 cO3 For each yeI,
Ecaz01 [ ZIF=(]]

Correspending correlation: plablxy)= YL Ex,QF)-,s)l v>

C{(O,OB,IA,Ig) = get ?f‘iunnfum correlations ot closed
this /s convey)

Quantum value: w'(&):= %pg wlxy) f:(cr,b/x.y//\(a,b/w)

Example for CHSH: 11>=:(l00> +1ny) € Co (*
Com (103, 115)  F=(cos™k102 + 5in"R117, ~5in"%I0> + cos B[ 1)
€2 Uy, 1=))  Fo=lcos (9 +5infl03, -sinh10) +coi%h)1>)
[£> =%{lo> 2 1)
Exercise: show that this strategy wins the CHS4
game w( probabiit, cos(h)xORT%



In‘fw"ff‘on 'Far 'fhc 57‘Vﬂ7L€7)/

1)

Iy

|a1)
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|ai)
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|ao)
45° R
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/ 1b1)
/
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— 25 > |0)
7 - \I b0>



Lhe ngn=signalling prspecte

Fm’ q 1'M¢In+um 5frq7"ejy:
plabliy)=CHIELBE Y

Marginals
Probab///br /I/icef respoan w/ a on "nfm" X/}’:
= plablxy) = 2 M EaoF, 1) =CHEST I

\We say Al:ce's pA(qu) aye well-defined
an fha'll' F 5 (:f samé ho/tls 'ﬁ?r ﬁo&

Exe[ciset find a non—si?na//iny cerre/afion ‘/‘ha'/'
wins ﬂle CH54 yame fzer'fed// (W/,orol» l),



iCd g ficance
X
\lacal/y pMJnceJ /y
random r'n/omf; B

Wb

Lavye distance

> Re.{wire AéB to res/oanc/ “iuizk/y/'

' Speed of I:,h?l limt ensures A+B cannot detect each others input
- Tt A+D consisfenf/y win wl/ high ensugh ,arpbaéf//f})

then you can conclude that 6ameﬂ'1in’ nonlocal s ocearring,

J.e. 7‘}18 behaw'our 0{" r‘eqll’f)/ Cannof‘ be eXF/aineJ b/ a

Exper:‘menfq/ verif/(af‘,‘on: Aspecf e‘{ q/ m a serijes
elcpew,‘men s.



H omomorphisms

A fvom a7ra/>h G to ujmfh H
5 a 'Funo{'/on 10 V(G‘)" V(//) Sml‘v"fyin}
a~v = fu) ~£(y)

f-'G"’H“ 1C s a howumor/vln'sm -From & 7o H
G H - '/'here 810'67"; a hvaMor,O/?/j'm £rom é"'fol‘/

E Xﬂmﬁ?; .
./ i

Cb’
'F:G’_)k.. ‘6 oy
X =l phil Tl |G= Kn?)
Fik,—G is u of gize n

w (6) =max fn + Ka—63



. -ﬁ&—-}ﬂ) -F;:H——)k > -6010‘:6-1—-”(
. jd:G—¢C Z I A
GoH + Ho6 = GoH

— is a pre-order, 3ive9 /oavh‘q/ order eon
hamarnerphi( equivdlence c/qsses

/{/bre;
H /90/0/855 — F"(v) s an

L@ﬂ;ﬂnmmn,zh&m_émg

IR:IB:V(G‘), OA=OB=V(H)
)\(h,hllg,g'):Zé if 9=7'-—’>h=h' AND

D'Wl

ﬂ,f\,fV(é)-"Wl/) - perfect classical deterministic 5'fr47‘€9y

£0)<y(5) Vg eVie
A 1YY 7 ) = {A (5 u homomeph,

Theorem: G——)H @3 orfect ((q9 e /
T ef—jq+€ﬁy 'F;; 4(4,/7')"}. om game



Qwan‘l‘um 5tra 7‘(5) €5

Astate (Y7 &+ FPOVMS % for 75'/(&) +)¢,ﬁ for ge)
give a perfect quantum strategy for the (f)-hom game
i ond only if

<‘/'/Ej;,9;§,,v/}”>=0 whenevey (yfvy’a- hh’) or (7:9'ah:ﬁh’)

If a perf‘ec‘f c(unnfum f‘frufe))' exists ‘('\W 7"’)? (6', H)'hvm 3ame,
Then we say ﬂtqf‘ there is a from

G to /‘/, and we wr(fe G"%*H

Lt Gull, then theve exists =
,oerf\ecf' ?_Man}m‘n 9‘f'rq+e?>/ for the (6,H)-hom game
of the fo”awf'n) form:
) IV>=V/'T-§{;;> ct’o c?
2) Egh‘CJ'J ':5,.6("] "l are prc:)'e(/inf Ver(é), heVt)
3) Fu=Epn



Gl if and only if there exits
Il o projections EpelC™ for all 9el(G), heVlh)
¢.t EgvEgw =0 whenever (y~9'+h¢b’)or (9:9'&11#1'),
and 3 Egn=T.

E’[Og:‘s-' Ffl’ﬁ" show 7‘/)07" "f! lv>:d#§“i>, f/leh 700)"
any E,FeC™™ ve have CHESFIVy =4 T-(EF)

(=): use Alicey o/oend'ws
(€): fake [¥) as above and Fu=Egn Vaelll)hell)

G2l + HvK = GBK.
E,Epd.’ Exer(ise, D
9:?I;> h=h' “{V\ncf}on”



Homamcggb IC [ ::gd gc‘f
VIG¥H)= V(&) «V(K)

(9,h)”(9',hl) it (yfvy’d- h«ﬁb’) or (9:9'& hth)

of G:
7"') [;ecd prv’ecfion st 7~9':1_) /;,g, :0
Value: 3 rk(B) = +TH{Z, B)

9eV(G)

G“HH 1) G xH atJvm""s a froje(f':'ve
quk?qj of value {V(é)’

Proof: Exevcise.



Special (ases
E,;E'97=0 if (9~7'+ i:ﬁ or (j’jl*d))
GxKn=Gok.,
W (6) = minfn: GBI

Eiijy':D £ (i:t)d— 9,,4?') or (i.:)' + 91}')

K.XG = K.x6
W‘L(G) = may {n:K.2E3



