Title: Almost quantum theory
Date: May 10, 2011 09:30 AM
URL: http://pirsa.org/11050044

Abstract: Modal quantum theory (MQT) is a discrete model that is similar in structure to ordinary quantum theory, but based on a finite field ir
of complex amplitudes. Its interpretation involves only the &quot;modal&quot; concepts of possibility and impossibility rather than quantitz
probabilities. Despite its very simple structure, MQT nevertheless includes many of the key features of actual quantum physics, inc
entanglement and nonclassical computation. In this talk we describe MQT and explore how modal and probabilistic theories are related. Und
circumstances can we assign probabilities to a given modal structure?
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Chris Fuchs. "The Ovster and the Cuantum’

Where does the elaborate
mathematical structure of
quantum theory "come from"?

How would gquantum theory
change if we modified the
axioms’

What 1s the role of complex
numbers in quantum theory?

Can we develop a "toy model”
of quantum theory that is much
simpler but has many of the
same general features?
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Chris Fuchs. "The Ovster and the Cuantum”

Where does the elaborate
mathematical structure of
quantum theory "come from"?

How would quantum theory
change if we modified the
axioms’

What is the role of complex
numbers in quantum theory?

Can we develop a "toy model"
of quantum theory that is much
simpler but has many of the

same general features?
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An imaginary world
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A world without probability

Probability: Events have probabilities
0 <p{zx) =1

normalization E plr) =1

In N » 1 tnals, event x occurs N_times

N,
\..

With high probability. p(z) =
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A world without probability

Probability: Events have probabilities

0<p(z) <1
normalization: Z mE)=1
@

In N » 1 tnals, event x occurs N_ times
N,

N

With hagh probabilitv. p(z) =

Possibility: Some events are possible
P=les .}
normahization P # ()
In N trials. the set of events that occuris RC P
N lodal logic explores the ideas of possibility and

necessity (proposiions p. p. O0p =~ (—p). etc.)
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A world without probability

Probability: Events have probabilities
0<plzx)<1

normalization: E plz)—1

AL

N o» als. event x occurs N,
In 1 trals, event urs \_times
I

\ e

With high probability. p(z) = %
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y ~% 1 -'\-.._- T sl 38 ~1 ™
Possibility: Some events are possible — INalve comnection
’ -. ~ze P& plx) #0

Pz ...} = ~
H'“"\-—___-ﬂ' e 5

=58 =

normahzationn P # ()

In N tnials. the set of events that occuris RC P

N lodal logic explores the 1deas of possibility and

necessity (proposttions p. p. Op =~ (—p). etc )
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Actual Quantum Theorv (AQT)

States
Hilbert space H over field C
ure state 1s vector (@
wi) =1

MNeasurement
Orthonormal basis ﬁ E JL for H

o)=Y vk

.
Probability: P(k) = |Y%

Time evolution

v) — U |¥) (U umtary)

Composite systems

3

H O cH

Pirsa: 11050044 Page 9/83



Actual Quantum Theorv (AQT) Modal Quantum Theory (MQT)

States States
Hilbert space H over field C Vector space T over field F
Pure state 1s vector (©w Pure state 1s vector |a)
(Wl =1 a) =0
MNleasurement Nleasurement
Orthonormal basis { 13 } for H Basis { A"J}I?Jr 78
) = E U |k 0= oy | k)
Probability: P(k) = vk Possibility:  ax #0
Time evolution Time evolution
) — U |¥) (U umtary) ) — T |a) (T mvertible)
(omposite svstems Composite svstems
i = ¥ = N - | = =3
B =—H al V=¥ eV
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"Mobits"

Simplest possible situation: F =7, and dim V=2

Only three possible states |0),|1),|0) = |0) +|1)
Three basis sets (X. Y. Z)
Fll’_' = 1 1'_:_‘1 ) — {}_I ‘I\Ji- — {jlll
= —— 7 1 — ) = 1)
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"Mobits" Z,= 0.

Simplest possible situation: F =7, and dim V=2

Only three possible states [0).|1),.|0) =|0) +|1)

e e
)

Three basis sets (. Y. 7

|
'.-—I.
|
Q
o)
L]
|
o

[—
=
|
F
L

A cautionary tale: Given MQT state |[7)
Measurement basis mcludes
Is this result pessible”

0
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...
"Mobits" 7, 0.

Only three possible states |0).|1),|o) =|0) + |1)

- - -—— —

Three basis sets (. Y. 7}

L&

= 1)

A cautionary tale: Gwven MQT state [T

MNeasurement basis mcludes |0)
Is this result pessible”

Y basis: o) = |0,

T
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"Mobits” b=

Simplest possible situation: F =7, and dim V=2
Only three possible states [0),(|1),|o) =10) +|1)

Three basis sets (. Y. 7}

0. ) — 1 0. ) — o) 0. ) == 0 |

j P == o I} = ) | - 1)

A cautionary tale: Given MQQT state |7
N leasurement basis mcludes [(0)
Is thus result possible”

dEET L, not possible (, possible AT




The dual view

1=
k

A better way: Think about the dual
ta)} < {(al}
A A
J” basis = \T“’“‘ basis

Ll

pace

NB: Correspondence |a) ++ (a| depends on the entire basis

E 8
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The dual view

F
b

A better way: Think about the dual space

{'GJ} S {(CI'} (@a|©0) = @a
A ‘*\\ m |@) = 7 D
¥ tos — J* basis =

NB: Correspondence |a) <+ (a| depends on the entire basis
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The dual view

A better way: Think about the dual space I'™.

{:CI)} f—\{(ﬁl‘} (a |0 ) = @,
J” basis —/ KV""’ basis in |9) = ; Da (@)

NB: Cormrespondence |a) <+ (a| depends on the enfire basis

A measurement is associated with a basis for I'™ (Thus
alwavs corresponds to a basis for | itself )

 Each measurement result ¢ 1s represented by a dual vector
(a| — the "effect functional”

 Possibilitvrule: a ispossibletf (a|o) #0
This depends only on the state and the effect functional!

« Vectors |@) and c|o)are equivalent ("same state”)
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The dual view

A better way: Think about the dual space '™
{la)} < {(al} (a]6) = 6
J” basis —/ \I* basis nE Z ba |0)

This all looks similar to AQT.

* In AQT. the result « 1s possible
provided (a (v ) # 0.

NB: C¢ e entire basis.

* A measurem| p : 1S
: » However. the Hilbert space inner
alwavs corrg : -
E product in AQT fixes a natural
* Each measuy correspondence |a) < (al. vector

(a| — the "crrecrroncromar—
» Possibilityrule: g is possible iff (a|o) #0
This depends only on the state and the effect functional!

» Vectors |@) and c|@) are equivalent ("same state™).
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Entanglement

A mixed state 1s a subspace of V.
Two mobits m Z,-MNQT
V @ V contamns 16 vectors (13 states), including

+ Oproduct states |, 5) = |a) ® |3)

» Oentangled states —eg. [R) =10,0)+ |1,1

For larger |F] and dim T’ entangled states greatly outnumber product
states. Nlost states are entangled
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e
Entanglement

A mixed state 1s a subspace of V.

Two mobits m Z,-MQT

V @ V contamns 16 vectors (13 states). mcluding

« Oproduct states |a@.3) = |a) ® |3)
» Oentangled states —eg. |R) =0.0) +|1.1)

For larger |[F] and dim I’ entangled states greatly outnumber product
states. Nlost states are entangled

TE £

ardy's theorem (MOQT styler: The pattern of possible joint
measurement results for a two-mobit entangled state are
mconsistent with any theory of local hidden variables
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T —
Entanglement

A mixed state 1s a subspace of V.

Two mobits in Z,-NMQT
V' ® V contamns 16 vectors ( 13 states), mcluding

» 9product states |a@,3) = |a) ® |F)

» Oentangled states —eg. |R) =0.0) +|1.1)

—

For larger || and dim T, entangled states greatly outnumber product
states. MNlost states are entangled.

Hardyv's theorem (MQT styvler. The pattem of possible jomnt
measurement results for a two-mobit entangled state are
mconsistent with anv theory of local hidden variables

idvertisenient. or delails on s and otner resuirs,

i

&

f

{
(W
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Mixed states. etc.

Mixture = collection of possible states: M = {la).|b)....}

Nioxtures A/ and A/ are equivalent iif thev span the
same subspace A mixed state A/ 1s a subspace of I~

Given an entangled state |2~ ) = ﬁ; 2 ) X |9q " )

i1

/ ) 1
then system _ 1s m the mixed state \ {|%a ] }
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Mixed states. etc.

Miaxture = collection of possible states: M = {|a).|b),...}

Nioxtures 3 and A are equuivalent iif they span the
same subspace A mixed state 1/ 1s a subspace of I~

= | SO} — i)Y = | ._-3;.“}
Given an entangled state = a & |Pg " )
_ — | _
" / 2) \
then system  1s in the mixed state \ | [%a ) /
A generalized effect isa subspace E C V™
E is possible for M iff there exist (el € E and

m) € M such that (elm ) £ 0.

A generalized measurement 1s a set of effects {£, | that spans | ™

=

<u5k> .
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Bugs and features

What MOT does not have

Pirsa: 11050044

Probabihities. expectations
(F fimitey Continuous sets of
states and observables. or
contimuous time evolution

Inner product. outer product.

orthogonality

Convexity

Hermitian conjugation (T}
Density operators

Effect operators

CP maps

Unextendible product bases

What MOT dees have

-

-

]

"Classical” versus "quantum” theories
Superposition. interference

Linear dvnamics

(Complementary measurements
Entanglement

No local hidden variables

KS theorem. "free will" theorem
Superdense coding. teleportation
"steering” of mixtures. etc

N\ ixed states. generalized effects,
generalized evolution maps

No cloning theorem

Nonclassical models of computation
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Bugs and features

What MOT does not have

« Probabilities. expectations

e (F fimte) Continuous sets of

states and observables. or
contimuous time evolution

» Inner product. outer product.

orthogonality
« (Convexity
* Hermitian conjugation (T )
« Density operators
» Effect operators
« CPmaps
» Unextendible product bases
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What MOT dees have

L

*

"Classical” versus "quantum"” theories
Superposition. interference
Lmear dynamics
(Complementary measurements
Entanglement

No local lhidden variables

KS theorem. "free will" theorem

Superdense coding. teleportation
"steering” of mixtures, etc

N lixed states. generalized efiects,
generalized evolution maps

No cloning theorem

Nonclassical models of computation
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General models for two systems



General probabilistic models
[ JAZ W

e Subsystems (1) and (2) [
* Measurements U_ V. etc. on each
subsystem
* Each joint measurement vields a ¥ s
probability distribution over joint results
p(u,i g yvid
\ / )
»
L
Page 27/83
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General probabilistic models

-

- o =
E..— L= SN -

=

* Subsystems (1) and (2) r |
* Measurements U_ V. etc. on each | o |
subsvstem _ .
» Each joint measurement yields a = | | .o

probability distribution over joint results | '
( ~( 1 ~(2) ) e : :
pla ol ¥ | |

| ,

»

L

No-signaling principle: The probability of a result on one
subsvstem does not depend on the choice of measurement
on the other subsvstem

Z p ( u, v|UWY . 1-"2")
pirsa: 11050044 Z p ( =il s 2:-)
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General probabilistic models

e Subsystems (1) and (2)

» Measurements U_ J_etc. on each
subsystem

« Each joint measurement yields a
probability distribution over joint results

p (u, U1 .T"z'j

4 T

=%

No-signaling principle: The probability of a result on one

subsvstem does not depend on the choice of measurement

on the other subsvstem

Pirsa: 11050044 E p ( 0. Z:*‘-. 1) 7 2) )
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Satistied

by AQT




General modal models

T 2 | i ITi-
e Subsystems (1) and (2) ]
* Measurements U_ V. etc. on each :
subsystem
» Each joint measurement yields a set of b =
possible joint results
e
»
»
L
Page 30/83

Pirsa: 11050044



General modal models

I TR pe
e Subsystems (1) and (2) —
» Measurements U_ V. etc. on each i
subsvstem
« Each joint measurement vields a set of e =
possible joint results
712} )
= N
4 h Y .
1 X p »
X
Page 31/83
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General modal models

T 2 T2 i)
e Subsystems (1) and (2) ES
* Measurements U_ J_etc. on each =
subsystem
« Each joint measurement vields a set of e o
possible joint results
712} JEiL)
N/ »
PN
-
1 W v -
X
No-signaling principle: The overall possibility of a result —
= - 5 ' Satisfied

on one subsystem does not depend on the choice of
measurement on the other subsvstem

Pirsa: 11050044

by MQT
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Probabilistic resolution

Can we always replace the X's with probabilities that satisfy
the no-signaling principle?
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General modal models

T A2) TX2) )
e Subsystems (1) and (2) .
* Measurements U_ J_etc. on each =
subsystem ;
« Each joint measurement vields a set of i =
possible joint results
T12) jpiL
X =
4 h '
=1 -
2EX | X
X

No-signaling principle: The overall possibility of a result
on one subsystem does not depend on the choice of
measurement on the other subsvstem

Satistied
by MQT
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Probabilistic resolution

3

Can we always replace the X's with probabilities that satisfy
the no-signaling principle?
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Probabilistic resolution

Can we always replace the X's with probabilities that satisfy
the no-signaling principle?

7 .
,.-"1'._ i
vy b
A X
! by’
A _.«’<_
N N
i ‘::;
"
\ LV
X X 4
i, | F i
N
A \/ g
L /.-\k ..-"1\-_
b7 b7 ¥
P AN i
4 4
4 i
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From possibility to probability™”

Can we always replace the X's with probabilities that satisfy
the no-signaling principle?

All of these
probabilities are
forced to 1 '3

Lad
—
{ )
>

>
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From possibility to probability™”

Can we always replace the X's with probabilities that satisfy
the no-signaling principle?

All of these
probabilities are
forced to 1 3

- :3
E -"'_“:
| ¥ 3
1/3
113 | 1/3 X | We cannot match
) % | this pattern with

any probability
e Page 38/83
assignment’
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PR boxes
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PR boxes

>
>
Jos— "y
}
Jo—
[~J

>
<
P
3

N
I

Popescu-Rohrlich
"nonlocal box”

Pirsa: 11050044 Page 40/83



PR boxes

Pirsa: 11050044

M
A
)

Popescu-Rohrlich

"nonloc¢al box"

This 1s not an allowed probability pattemn for a
pair of svstems m AQT (Tsirelson bound)

Is this an allowed possibility pattern for a pair of
systems in NQT?

Page 41/83



PR boxes in MQT”
WLOG. we need consider only pure states
and "non-overlapping” measurements.

ENVNEY —=(0). etc.

Pirsa: 11050044
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PR boxes mn MQT”

Pirsa: 11050044

WLOG. we need consider only pure states
and "non-overlappmg" measurements.

(2 i -
E'.: El — I-._.' - 'l‘l- fj.
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PR boxes in MQT”

WLOG. we need consider only pure states

and "non-overlapping” measurements. By EX

E. ' nE; =({0), etc.
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PR boxes in MQT”
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WLOG. we need consider only pure states
and "non-overlapping” measurements.

Ey, NE;" =(0), et

O) = [By) + [¥;) £ 0
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PR boxes in MQT?

WLOG. we need consider only pure states

and "non-overlapping” measurements.

i

E;’; 2 Eii — (0). etc.

_|%o) € ESY @ B

T) = (W) + |[¥;) £ 0
T €

A

M
y
L

i

(L) S {2) 5 =
Vo) € F; " QF;  and [¥;) €

w Wy) € ~-3L g FE and |¥;) EE;_T'
|
.
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PR boxes mn MQT”

WLOG. we need consider only pure states

- - - kB
and "non-overlapping” measurements. Eq

11'H '1. = & = > g

1

m) ) cE) 2FE” and |¥,) € E|
a
S

1 %) € F{’ @ E{” and |¥,) € FyV ® Ef°
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PR boxes in MQT?

WLOG. we need consider only pure states ,
" s - £ k)
and "non-overlapping” measurements. Fo I X X ‘

Ey’ 0By =(0), ete. EWD —X#—X

-~ —|¥g} € Ef:,il 2 Er{JL (1) t (
V) = |¥) + |¥;) #0 =
a W, ) 2)
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PR boxes m MQT”

WLOG. we need consider only pure states
' 2 " {1)
and "non-overlapping” measurements. Fig | X X ‘

B {1) 3 S s '
E[_.J ‘El — (U). etc. E_"‘llj X ‘ X

(M
5]
e
()
LS|

iy
ik
()
i
il
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=
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[¥) € By & F,f,,j" and (W)
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)
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|
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= iy = {2) E) . (2)
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Two mobits in a "singlet" state |[S) =1(0,1) — |1,0)
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Two mobits 1in a "singlet” state ||S) =[0.1) —|1,0)

X ¢ K | X
'('\".' L}
X X | X X
i \x; L \_/
=
{ s 2 3 b 4
I
7 ==
A, 4 &
\ P
N N b 4 N
_.'1\_ .'-\ Fias _)'-\.._
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Two mobits 1n a "singlet” state ||S)=1[0.1) —|1,0)

x I X Al X « We cannot assign
Xt probabilities here such
= X X | ¥ X B
' = S that p > O tor each
possible jomnt result
| X X X '
'&"i 1)
i hd > A S
X | X X
lel \ P £ % F i
X | X ¥ || X
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Two mobits n a "smglet” state

11050044

S) = 10,1) — [1,0)

‘\: Z) ﬁ*: 2 Z 5
12 || 172 12| 0
172 0 12 1/2
12| 0 1/2 ||1/2
172 || 1/2 0 | 172
1/2 12| O 1/2
o |1 /2 172 || 1/2

We cannot assign
probabilities here such
that p > 0 for each
possible joint result.

We can assign probabilities

if we allow p = 0 for some
"possible" joint results.
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Two mobits n a "singlet” state

X':_- xl*:: ZJ
12 || 172 12| 0
N 172 0|12 1/2
2| o 112 ||112
h s :

12 || 1/2 o | 1/2

1/2 12| O 1/2
Z-;

O 12 12 1I‘12

irsa: 11050044

S)=10,1) — |1.0)

 We cannot assign
probabilities here such
that p > 0 for each
possible joint result.

» We can assign probabilities
if we allow p = 0 for some
"possible" joint results.

* The vellow part of the
probability table forms a
probabilistic PR box!

Page 54/83



Two mobits 1n a "singlet” state ||S)=/0.1) —|1,0)

X — YO @

172 1/2 1/2 0  We cannot HSSIgIl

X5 = === 3 probabilities here such
‘ : that p > 0 for each

possible jomt result.

12| 0 1/2 ||1/2
12 1l 12 0 |12 . “e can assign pro?abﬂities

if we allow p = 0 for some

"possible"” joint results.

1/2 12| 0 1/2
g | 112 1/2 || 172 » The yellow part of the

probability table forms a

probabilistic PR box!
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Tyvpes of general modal theorv (two svstems)
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Types of general modal theorv (two svstems)

Pirsa: 11050044

NSP = theories that satisfy the
no-signaling principle

SPR = a "strong probabilistic
resolution” exasts (p—~0
for each possibility)

WPR = a "weak probabilistic
resolution” exasts (p=0 13
okav for some
possibilities)

LHV = a local hidden vanable
theory exists

MNQT = possibility pattern can
arise m an MQT system
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Types of general modal theory (two svstems)

NSP = theories that satisfy the
no-signaling principle

SPR = a "strong probabilistic
resolution” exists (p>0
for each possibility)

WPR = a "weak probabilistic
resolution” exists (p=0 1s
okay for some
possibilities)

LHV = a local hidden vanable
theorv exists

MQT = possibility pattern can
arise m an MQT system

NSP
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Types of general modal theorv (two svstems)

Pirsa: 11050044

NSP = theories that satisty the
no-signaling principle

SPR = a "strong probabilistic
resolution” exists (p=0
for each possibility)

WPR = a "weak probabilistic
resolution” exists (p=0 1s
okay for some
possibilities)

LHV = a local hidden varniable
theorv exists

MQT = possibility pattern can
arise in an MQT system

SPR,

WPR

NSP




Types of general modal theorv (two svstems)

Pirsa: 11050044

NSP = theories that satisfy the
no-signaling principle
SPR = a "strong probabilistic
resolution” exists (p>0
for each possibility)
WPR = a "weak probabﬂistic
resolution” exists (p=0 1s
okayv for some
possibilities)

LHV = a local hidden vanable
theorv exists

MQT = possibility pattern can
arise in an MQT system

e 5 |
(1av )
SPIE |
WPR
NSP




Things we know about MQT

Everything with an LHV model 1s also m MQT

Some things in SPR (¢.2.. PR boxes) are not in MQT.
Some things in MQT (e.g.. |S) state) are not n SPR.

Kev question: Is evervthing in MQT also in WPR?
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Things we know about MQT

Everything with an LHV model is also in MQT.

Some things in SPR (¢.g2.. PR boxes) are not in MQT.
Some things in MQT (e.g.. |S) state) are not in SPR.

Kev question: Is everything in MQT also in WPR?

Conjecture: Everv two-svstem MQT model has a weak
probabilistic resolution. No WPK counterexamples lie m
NQT
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Things we know about MQT

Everything with an LHV model is also mm MQT.

Some things in SPR (¢.2.. PR boxes) are not in MQT.
Some things in MQT (e.g.. |S) state) are not in SPR.

Kev question: Is everything in MQT also in WPR?

Conjecture: Every two-system MQT model has a weak

probabilistic resolution. No WPR counterexamples lie in
NOQT

Two simplifications of the problem

« We only need to consider pure states and effects
(More X's n the tables can only make the WPR
problem easier! )

« We onlv need to consider basic measurements and

-

T— entangled states with Schmidt number = dim /
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Possibility table for an entangled state

X X X X I X d=dm I~
_"‘*-.-_ dlf:ltulﬁ [ measureineernts
X X X X X o1l f‘a.dl Sj,'fiten‘l
X X X ol x

X X |1 X | X X

X X | X X | X
X X ;= X

X ¥ | % %%
XX | x X X X

X | X X ¥ X
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Possibility table for an entangled state
X X X X | X d=dm I~
x| x X X x N distinct measurements
on each system
X XXX | X
(Char problem: Devise a
X X X | x X probability assignment
for this table, respecting
x > XX the NSP
X X X | X X We may assign p=0to
some of the X's if need
X X X X | X be
X| X | X X X X What we know: This table
X | X X X X corresponds to basic
measurements made on a
R "maximally entagglad”
MNOT state



Hall's marriage theorem

Two sets of d elements: W = {Alice. Beth. Connie. . }
M= {Adam. Bob._Carl. ... }
A "compatibility” relation between W and M (subset of Wx M)

"Marniage condition”: For any 7. any subset of # elements of W is
compatible with at least # elements of M
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Hall's marriage theorem

Two sets of d elements: W= {Alice. Beth. Connie. ___ }
M= {Adam. Bob. Carl. ... }
A "compatibility” relation between W and M (subset of W< M)

"Marnage condition”: For any 7. any subset of # elements of W is
compatible with at least # elements of M

Theorem (Hall. 1933} If the relation between 7 and M/
satisties the marnage condition. then we can "marrv" each
element of II" with a distinct compatible element of 1/
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Hall's marriage theorem

Two sets of d elements: W= {Alice. Beth. Connie. .__ }
M= {Adam. Bob. Carl. ... }
A "compatibility” relation between W and M (subset of WxM)

"Marriage condition”: For any #. any subset of 7 elements of W is
compatible with at least n elements of M

Theorem (Hall. 1935} If the relation between 7 and M/
satisfies the marrniage condition. then we can "marrv" each
element of II" with a distinct compatible element of 1/

For our entangled MQT state

p

X

= Each d d sub-table satisfies the
X [A marriage condition Thus. it
X | X mcludes a "permutation” sub-
table on d elements
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Hall's marriage theorem

=

Two sets of d elements: W= {Alice. Beth. Connie_ ___ }
M= {Adam. Bob. Carl. ... }
A "compatibility” relation between W and M (subset of Wx M)

"Marriage condition”: For any #. any subset of # elements of W is
compatible with at least # elements of M.

Theorem (Hall. 1935 If the relation between
satisties the marmnage condition. then we can "marry" each
element of " with a distinct compatible element of 1/

1%

and Af

T For our entangled MQT state
P i ) E = X
Each d d sub-table satisties the
Y |
X A marriage condition Thus, 1t | X
X | X mncludes a "permutation” sub- | X
Bica s RS T0E; table on d elements ugaolo)



Probability assignment

irsa: 11050044
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Probability assignment

X X X Do the "marriage trick” on
each sub-table mn the
X |2 X ; X table
X X | X X | X Assign p = l'dto each
marriage. p =0 to
X X | X X evervthing else
X X | # Al X In each sub-table. each row
X < | x X and each column sums to
p=1'd Thus, this
X x | x X | ass1Enm ent aut_c-m atically
satisties the NSP
X | X X X X
X | X X X | X
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Probability assignment

X X X EX Do the "marriage trick” on
each sub-table in the
X > X : X table
X X | X X | X Assign p = l'dto each
marriage. p = 0 to
X X | x X evervthing else
X X |~ AL X In each sub-table. each row
X < | x X and each column sums to
p=1/d Thus, this
X X | > x | x ;faﬁﬂlgmmm automatically
satisties the NSP
X | X | X ~ X <
X | X X X | X

Every two-system MOQT
e maodel has at least osg #eak
orobabilistic resolution



Tyvpes of general modal theorv (two svstems)

irsa:

11050044

NSP = theonies that satisty the
no-signaling principle

SPR = a "strong probabilistic
resolution” exists (p>0
for each possibility)

WPR = a "weak probabilistic
resolution” exists (p=0 1s
okay for some
possibilities)

LHV = a local hidden vaniable
theory exists

MQT = possibility pattern can
arise m an MQT system




Questions. questions. ...
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Questions. questions.

* We have had to make a strange distinction between "mmpossible”
[651.11!.'5 and "p=0" results. What does this mean’
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Questions. questions. ...

* We have had to make a strange distinction between "impossible”
results and "p=0" results. What does this mean’

« What about three or more svstems m MQT?
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Questions. questions.

* We have had to make a strange distinction between "mmpossible”
results and "p=0" results What does this mean’

 What about three or more svstems m MQT?

« What quantum mformation wdeas can be adapted to MQT”
(Note: Usually. only zero-error problems make sense. )
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