
 

Last time pe Cq kin iff there aref d Hilbert spaces Ha HB
POVMs A x ear BY us on Ha HB

resp LAX A'a aeons POUM on Ha

and state unit vector J E Ha HB
so that p la bl x y CANBY J J

Val G pEgan val Gop

Def A language L is in MI if
there is an efficient mapping 21742
sit off 2 EL then Val Yz 23

If 24L then val ga s t

MIP vs Mip
Not obvious



I ob
Last time Showed there is a game y
s t vally valky
If LEM IP via 21742 and
24L then rally l et but
val Ga t possible

Nevertheless

Tha Ito Lidice MIP EM Ipa
Key NEXPE MIP

MIP

Tha Natarajan Wright
NEEXP E MIP
Ut

NEXP MIP



Silly MIP ERE set of recursively
enumerable languages

Why If 21 742 witnesses that L
belongs to MIA we can eventually
know if zel when 2 does belong
to L
Start computing val lbs p as p
ranges over a computable dense

subset of Cq kin
Key States on Me G Blu dim

are of the farm Trc a where

a 20 Tr Cal L

If rally t you'll eventually
see that

I



Tha MI PERE More precisely
there is an effective mapping
M t GM Turing machines to games

s t on empty input

If I halts then valkya1 1

lt desn'thlt thenvalkgakt

Traditional Route fan MIPERE Que

Stef MI PERE Tsivelson's Problem

Cgs kin same as Cq kin but
A allow a dim Hilbert spaces
quantum spatial Cq kin E Cgs kin
WLOG assume Hills spaces are separable
Cgs kin e Glunt

62 2



Cgs 50,136 convex

Another model coming from quantum
field theory possibly a dim

Single Hilbertspace H state Jett
Alice Bob have POVMs A xecus

Br gear
on H

Want these measurements to beable
to be made simultaneously
Algebraically AEBB BBAE Kayaib

Pla blag A B89,5
quantum commuting strategies Cqc kin

Clear Cgs kin E Cqc kin
Aa IAB commutes with IHA BB
acting on H HADHB closed



ng on 11 A 3
glosed

Tsirelson Claimed Cgs kin Cqc kn
Issue w pool Wasn't even clear

if Cgs kin closed

Cga lyn CqsC Gca
Cqc kin

Tsirelson'sProblem Cga kin Cqc kn

Cq E Cas E Cqa ECge
M
closed

SWEETIE
Cgs Cga

commuting
value
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Def val y pagecan vally pl

rally salty Eval y

Tsivelson's Problem Val y val y
Ky

Fact Val ly can always be
effectively approximated fromabove
F f p group Gy depends on k n

and my E C Gy s t

valcolfllygll
Than ol Fritz Netzer Thom

for any f p group G 11.11 on C G



I y f g p I 11 on
can be effectively approximated
from above semidefinite

programming

Saw Valky can be effectively

approx from below

I Tsivelson val y valcoly
is computable

every language in MIP
is decidable

Y to MIPERE

Remark Val y eff app
fromabove

MIP eco RE languages whose

complement is RE

Open problem MIPO CORE



To finish QWEP Tsirelson

In abelian algebra C n pointspace
ea ath standard basis vector a th in

Keratin 1 There is a l l
correspondence between POUM An An
an H and Ucp maps Io On BCH
via Ice at Aa

Keyobsenated There is a l l
correspondence between families of
POVMs A CAT AN XEN
on B H and ucp maps
I

qq.IE
BCH



k times

given by I Ceta AE

ela is the version ol ea in

the xth copy of an

Uses a result of Florin Boa that
the maps in Observation I can be

glued together to give up map

En E CECZn
If Zn us then map u to
I exp Aia ea e en
discrete Fourier transform

n

an E CH Zn EC I Zn
k I 4 1 K l

IFCK n
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Recap Families Ax ol Porms

correspond to up maps
I CtCIF kin BCH

Tha For Pelo I we have

peCga kin iff there is a state

0 on Ct Flem XO min Ct IFChin

for which

pfbtyOEE.gl

positive linear function 047 1

Same for Cqc using Imax



If felt get vectorstate we on

BCH Wg a Eats


