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Review

[/Vl,b)-game

/MeZ:W, béZ,m, 51=§i€[w]-' Mf,-""g

/”f'ff +Bob senf f,kéfml resfaoml wf'ﬂ? ‘F—'S[*Z;, 1“?5,:*21
Win it Z0l)=by, Z£0)-b, o £)=Fl) Yie§ N5,

of Mx=b:
Z xivh, = % - E)”

1551
x+><+x, [— x%X,= -

ael, —7 (‘I)aéfilg

to Mx=b: A €B(M) for ;elnl st
) A¥=4; « A7=L Viela)
2) A,-A;—A[-/f; i JLelm] st €5,
N ITA* T Y LeLw].



[(M,b): jmemr‘ors 9; for ieln] and J
sqtisfyin 9 the relations:
) 9::¢€ V:elnd and T:e,
2) 9:)=Jg; Vielnl,
%) 9:95= %9 if JLeLm] 5.1 iy €5,
479:=T" VLeLm].

TFAE

) the (M,[))"7qme has = [Je/‘l@nt T(—sfm‘/'e?y;
2) Mx=b has a quantum $ojution,

) the solution 9greup [C(Mb) has T+e.

TFAE:
[) the [M,b)*que has = Feﬂfen‘ q-strateqy,
2) Mx=b has a quantum $olution,
3) the colution greup C(Mb) has a
rr/:resen/m"r'on ¢ .t #(7)F#¢le)



TFAE:

) the [/}//,5)'-7qwe has « Fe/‘(;cf strateqy;
2) Mxzb hao a 50lutron,

Z') /Mx:b has a «Zuanﬂrm 90/1'17‘:'0»7,-
Z) Mx=b has a Zwm/'um sofution,

3) the of the solution greup [(Mm,b)

has ) +e.



Teft’flt,on‘9 Ff/ﬁ/r_’m d

Slotstra's émbe/dcﬁ} Zkeorem ezmbez[e//'m? thm A-rjf.u/,,

Let [ be a finitely fresen*ed 9roup, let T be
a central elewent of [} gud let w;, .,wn€l"" be
;.f. w,-“:e Vié):nj_ Then there s a BL5 /erb,

d.Lé.‘f_'LLG’lL im//'ceﬁ iy onin Ond an [i»y’ecf‘-'ve hom.)
LMY 5t HT)=T and Hlw)=g, ¥ keld]

There is a BLS My:b st tThe (/W,b)—game
has a Fer'fecf Yc-sfrafej y but no Perféﬂ‘ T;?‘m/’fg/v

There iy a BL§ Mx=b 5.1 ﬂlf

(Mb)-game can be won with probability arbitrarily
c/ase tfo / Mél'n? ti—sfrafejies, bu?l }me ne Ferfecf'

CZ- 57"}‘&?7'29}/.

T he 5e7L of ((-carre/n#ans 15 no/' c/asec/.



It is wndecidable 1o determiwe if a
BLé 9ame hq; 2 perfecf' qc- sfrq}egy.

It is undecidable to determine
if:
|)a BLS game has q ferfécf c[—s%rqfejy,-
2a PLS game  can be won with Frolyqb//r'fy
qrb{ﬁrqn‘// close 1o | “sing z—s/'rafej;es,

Cilmy,my,ny 1)
Cy= sef ot x-cwrc/a?lr'ans, xéf/oc,i,cts,cza,?c,mg
Joc - classical
- finite dimensional fensar-,?roe/u;{' framework
q5- 9o -dimensional fensor-f?roa/uc'l' frqmewerk
9~ closure of q = tlosure of gs
C(C— wmmmfr'ny a})fquor‘ meevmrk

ns- Non- 91‘3na//in7



Before 5lofetra:
Clar é Cq ééfﬁ < C‘(“l é Ct, -rC-Cm

Af *er 9/0?"97";'& .
Cla( 4 Cq éé{; C é'{q é C?_! é Cms

/Vowf
Cla[ & Cq 4515 - é?“ 2 C?_f -rC-Cm

e =] rt’/a 7lf.?}4$

® =-¢ V'C/ﬂ?lr'ans

Ey )M’re wé /mve
999,50 ¢ 9,99 €

a5 Y‘e/ah'ans [qWIan7 aﬂlt"’s).

PY‘oAMCTL D'F' 9671«:}"01'0!/5 iﬂcftlevﬂ" 7‘0 Aawm/ay‘)/ In Lauufer—-
Ho's 4
© 9:9.9:939:97999,9;=9 ~ €

tlockwise order =)



6ma”€|r exam,p/e .

99695 =€

92?4—75':6
A 9,9s90=C
AREMEE, = 9-P T

Cowsfruﬁ":'nji Me=b with ?—Ga/uf,'on but no classical 50/27‘,'2”

LE?" & [)e a 7ra/:}>. Th: im,’/ence m«#w’x of G
is the V[é)XE[é) matvix M 4,74

/M‘,’e :?DI ffWV Is an en//om'yﬂ' of &

We considey sy;fems Mxzb wheve M is the incidence
mqfrix a'F a ?Y‘qu 6’ aud béZZw{ Thus we view
ﬂqf CJ3€5 o'F é as oeuyv \/qr‘f'nb/es qm/ r'7l§ u/erf'/'zeg

as our ezuahbns.



Eriuq‘h‘m correéfom/inj to vertex V:

Xg, + Xg, + Xe, = by

G
Let M he Fhe incidence matvi
of o ‘connecled graph &, and let peZ)“) Then
) Mxzb has a solutions> b has )
2 if b has odd we:'géf', then Mx=b has a
quantum solution € G /5 pof

For & 4 M as above ¢ b,L’fZ,V(&)f.f
Wﬂb)'—"wﬂy) moJ 2, MK‘ =}g hﬂé a CIGSSI-(al/imanfum 90/‘47L:'0n
if+ only if Mx=b" has a Cla';sicq%(muw‘fwm soluton,

b+ Lfftfé’,’,
K g x,}+l if ;1'5?/2, 2%,343
G— Xij O.W.



% €wa’ satisfies  Myzb if and only if the
3quh (V[G’), {e 65[&) : )(e:{'?) 9G7Lr'9fr'€$
Je?[V)EbV Ma(j 2

: (G") G wot F,anar"-? G has a }(33 oy KS
\/\’\/
sub (_wa'sr'vwi Mx=b has T—so/hf-'vn

Can assume h=¢,

by Lemma




6’=K3,,: /qujic square frem last [ecture.

G= KF | Magic pentagram
11X

BY (m?lra[Josf']live. Ir & 15 F/nwav- fhen
dvaw & in the /o/mne:

(] bvzl

° b,,’o

A/O EJ989 iVlCiJfbﬂL 7L0 boun/av‘/

> e=).



Lt M is the incidence matviy of a
connected von-planar graph G and beZ!® has
odd we:7}77L, then Me=b has a quontum s0lutiom
but no classicel solation,

When M is the jneidence matrix of <
graph, the system Mx=b hos o quawtum solution
it and only of it has a finife dimensional
r{uqnﬁm solution .




A 9raph aggac[gi'ec{ 1o /Vlsczé

Let /Wéz;”“i— béZ/z"' The 9mf>h has
verfex sef g/ {£:572,12 #6)=b,3 and
£ & €592, ave odjacent i T 5,05,
o £1:)#E0).

X, %, +X, = 0} X, ¢ Xp+ XK= |
000 0

101 o\ 0

Ito ool

The sets if:sﬁzzlgsl ) =b,3 for LéL]
wa,‘};on V[G[M,B)) an each such set ina’uce5

a [ComID/é’?Lf 5!457;’01/)/))_
= o (6n}) £ 0 (G(M)) Lug (GLMB)) X (Clo,3) < m



For /W:fZ:'ﬁ <+ béZDM, The 1/'-0//rwr)47 aveé

equivalent :
) Mxzb has a selution;
2) G(Mb)EGCIM,D);
%) o (G(Mb))= m.

Proot: Exercise.

For MeZ]" ¢ bheZ, , the tollowing ave
equivalent :
[) Mxzb has a 5a/u7tf'pn,-
2) G(Mb)%, &(M,D);
?) &, (G(M,b))= m;
8 G-(M,b) has a of value m.



For MEZ]"" + beZ,”, the following ave
eq_w'ua/en'f‘:
) Mx=}b has a 5¢/u7lr'pn;
2) G(Mb)Z,. GM,D);
?) o, (G(Mb))= m;
8 G-(M,b) has a packing of value m.

Ln tevms of +he BL5 & isemerphism
games. Le. we assume Alice +Boh have o
efmh’?y for the (/Vl,b)'jame, and we wuse s
to produce a sfrqfe9y fov the [G(/"I,b),HM,O))—;so game.

+ Alice veceives £:4~7, 5.1 %,f["): b,

* Acts as if she veceived 1 in (44,&)—7”45 Fo obTan
£:8=2, st %,f“: b,.

+ Respends w/ £+445: 6,22, detined as £+0)=£,0)+£0)
Mote: 2 £+, () = %’f[f) + %lf[) = btb=0

> £, +f, 6 (mo))



* Bob bEhavfs eimf/ar/y wf‘)‘h 1%,7‘,:-'9,(—?21.

Check i97—7ame cond Fions
f=F, > Dok 246

Tty = 3 e85, ot £0)#4L0)
bt 400610 GE0IHGEL).

: §;Vn/'/ctr.

(I)‘;D[}) a’awe.

G(Mb)% G(M,D)> ot,([(r(M,b)) = oL.([G(M,D))= m
srace M =M[G[M,D)) £ otT[G—(M,U)) ¢ wm
Same fov q¢.

ac((&):k > G has a ff?/'ec/:’ve /oqc/{'fny of value k.
Same for 4.



(4’)¢> (1) : Exevcise.



