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Abstract: Modal guantum theory (MQT) is adiscrete model that is similar in structure to ordinary quantum theory, but based on afinite field instead
of complex amplitudes. Its interpretation involves only the & quot;modal & quot; concepts of possibility and impossibility rather than quantitative
probabilities. Despite its very simple structure, MQT nevertheless includes many of the key features of actual quantum physics, including
entanglement and nonclassical computation. In this talk we describe MQT and explore how modal and probabilistic theories are related. Under what
circumstances can we assign probabilities to a given modal structure?
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» Where does the elaborate
mathematical structure of
it quantum theory "come from"?
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Chnis Fuchs. "The Ovster and the Quantum”

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

How would quantum 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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An imaginary world
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A world without probability

Probability: Events have probabilities
0<plzx)<1

normalization E ater— 1

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

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

Probability: Events have probabilities
d<piz) <1
normalization Z plr)=1

In N » 1 tnals. event x occurs N, times
N,
v

With high probability. p(T) =

Possibility: Some events are possible
'
=l —

nommalization P £ ()

N\ lodal logic explores the 1deas of possibility and

Fs 4
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In NV trnals. the set of events that occuris RC P

necessity (propositions p. p. Op =~ (—p). etc )
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A world without probability

Probability: Events have probabilities
0<p(x)<1
normalization Z ey —1

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

\- -

e

With high probability. p(T) =

e E—— e

-5 -\._. " % s Th - -
Possibility: Some events are possible — hlarve connection
: ~zxE P& pz)£0.
Pl .} —

e
. e ™
i S

normalizationr P #= 0 S
In N tnals. the set of events that occuris R C P

N\ lodal logic explores the 1deas of possibility and
necessity (propositions p. p. Op =~ (—p). etc.)

.
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Actual Quantum Theorv (AQT)

States
Hilbert space H over field C

Pure state 1s vector |u

viw) =1

MNleasurement
Orthonormal basis ‘11 L } tfor H

Ny — E U |k

Pl‘-.f-i.*--‘fl["-l-hff.' P(k) = |vn|*

Time evolution

) — U |

-_

( L unitarv )

Composite systems

Hlj — Hl H_.
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Actual Quantum Theorv (AQT) Modal Quantum Theorv (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)
wiw) =1 a) =0
MNleasurement Nleasurement
Orthonormal basis { k } for H Basis {|k) Hor I
) — E Uk |k )= ar | k)
Probability: P(k) = |vk Possibility:  ax # 0
Timme evolution Time evolution
) — U |¥) (U umitary) la) — T |a) (I mvertible)
Composite svstems Composite svstems
Hlﬂ _ Hl Hf_ 1;*1'."." = LF'L o 1*2
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"Mobits”

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

| ) 1 i T — 1' —

Only three possible states |0) . |1

-_—— -_—— _

Three basis sets (. Y. /|
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"Mobits" Z:= 0.

Only three possible states |0

-_— -—— _

Three basis sets (. Y. 7}

A cautionary tale: Given MQT state |7)
Nleasurement basis mcludes |0

Is this result possible”
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"Mobits" Z:~ 0.

Only three possible states |0) . |1

_ - -_—— —r

Three basis sets (. Y. 7}

|
oo
|
"‘-\i
-
|

A cautionary tale: Given MQT state |0
Nleasurement basis mcludes |0
Is this result possible”
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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)

Three basis sets (. Y. 7}

A cautionary tale: Given MQT state |[0)
Nleasurement basis includes |0
Is this result possible”

Y basis: |o) = [0y) Z basis: |0) =1|0:) + |1;
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The dual view

e
Ll

A better way: Think about the dual space

{|la)} < {(al}
J” basis —-/ .\\T"‘-‘ basis

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

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

{(I_]}f—f*{{(?.i} alo) = o,
A A n (@) = T Dq @)
J~ basis = \\T""-" basis — |

NB: Comespondence |a) <+ (a| depends on the enrire basis
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The dual view

A better way: Think about the dual space V™.
{la)} & {(a|} e
J~ basis —j ~\I"* basis o Z ol

1

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

A measurement is associated with a basis for 7™ (Thas
alwavs corresponds to a basis for T itself )

 Each measurement result ¢ 1s represented by a dual vector

a| — the "effect functional”

 Possibilitvrule: a 1spossibleiff (a|o) #0
This depends onlyv on the state and the effect functional!

« \ectors |@) and c|0@)are equivalent ("same state”)
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The dual view

A better way: Think about the dual space I'*.
{‘(I)} = {((1‘} (@ |©) = @q
J” basis —/ 4\1* basis n |¢) = Z Pa |€)

This all looks similar to AQT.
NB- (4. In AQT. the result « is possible [I€ €ire basts.
provided (a|v) # 0.

* A measurem| : . 1S
: » However. the Hilbert space mner
always corre . 2
: product in AQT fixes a natural
* [Each measuy correspondence |a) < (a]. vector

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

 Vectors |@) and c|0)are equivalent ("same state™).

Pirsa: 11050044 Page 18/83



Entanglement

A mixed state 1s a subspace of V.

Two mobits m Z,-MQT

V ® V contamns 16 vectors ( 13 states). including

_-r|:.r'_'ft: 7]

* Oproduct states |@.[

* Oentangled states —eg. |R)=10,0) +|1.1

For larger |[F] and dim 7" entangled states greatly outnumber product
states. Nlost states are entangled
Page 19/83
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Entanglement

A mixed state 1s a subspace of V.

Two mobits in Z,-MQT

V @ V contamns 16 vectors (13 states). including
« Oproduct states |@.3) = |a) ® |3)
— 0y k. 1)

* Oentangled states —eg. |R)

For larger |F] and dim T entangled states greatly outnumber product

states. Nlost states are entangled

Hardv's theorem (MNQT stvley: The pattern of possible jomt

measurement results for a two-mobit entangled state are

inconsistent with anv theory of local hidden variables

Page 20/83
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Entanglement

A mixed state 1s a subspace of V.
Two mobits m Z,-MNQT
V ® V contains 16 vectors (13 states). including
» Oproduct states |@.3) = |a) @ |F)

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

—

For larger /] and dim 7. entangled states greatly outnumber product
states. Nlost states are entangled

Hardv's theorem (MNQT styvley. The pattem of possible joint
measurement results for a two-mobit entangled state are
inconsistent with anv theory of local hidden variables

advernsemeni. CorF derdails on s and oiner resiilils,
Pirsa: 11050044 L= o sl o= = ; Page 21/83
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Mixed states. etc.

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

Nixtures A/ and A/ are equivalent 1iff thev span the
same subspace A mixed state A/ 1s a subspace of 7

) \
=)

= 12) | _ (D)) o |4
G1ven an entangled state ® ) = E a ) 9 |Pa )
=

then svstem 2 1s in the mixed state { Pa ] }
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Mixed states. etc.

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

Nhxtures M and A/ are equivalent iff they span the
same subspace A mixed state 1/ 1s a subspace of I~

= (1:)1_12 | . li-. 2 | "3'|\'b
G1ven an entangled state = a o

s
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A generalized effect isa subspace EC V™

E is possible for M iff there exist (e] € E and
m) € M such that (e|m ) # 0.

7

—

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

UEBe) ="
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Bugs and features

What MOT dees not have What MOT dees have
* Probabilities. expectations » "Classical" versus "quantum” theories
e (F fimte) Continuous sets of » Superposition. interference

states and observables. or e Linear dvnamics

continuous time evolution . '

Complementary measurements
* Inner product. outer product.

 Entanglement
orthogonality

= » No local hidden varnables
« Convexity - b
- ' _ » KS theorem. "free will" theorem

« Hermitian conjugation (1) 5
b » Superdense coding. teleportation.

. ) NIATEES Fors = " - :
Density operator steering” of mixtures. etc

- e ) dLOTSs X = +,
Effect operators » MNlixed states. generalized effects.

» CPmaps generalized evolution maps

» Unextendible product bases e No clonine theorem

» Nonclassical models of computation
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Bugs and features

What MOT dees not have What MOT does have
* Probabilities. expectations » "Classical” versus "quantum” theories
e (F fimte) Continuous sets of » Superposition. interference

states and observables. or e Tinear dvnamics

continuous time evolution E '

Complementary measurements
» Inner product. outer product.

 Entanglement
orthogonality

; » No local hidden varnables
 Convexity S =
- ] _ » KS theorem. "free will" theorem

« Hermitian conjugation () -
e » Superdense coding. teleportation.

* Density operators "steering” of mixtures, etc

- Yect o ALOrS : } : =
Effect operator » MNlixed states. generalized effects.

» CPmaps generalized evolution maps

e Unextendible product bases e No cloning theorem

» Nonclassical models of computation
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General models for two systems



General probabilistic models
@ 7O e

» Subsystems (1) and (2) e
» Measurements U. V. etc. on each
subsvstem

» Each joint measurement yields a
probability distribution over joint results

IT“”;

p (u.v|UD, V)

*
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General probabilistic models
[T: r'-':: X2)

e Subsystems (1) and (2) [
* Measurements U_ V. etc. on each
subsvstem .
 Each joint measurement vields a = | -
probability distribution over joint results '
- 1 =2} \ HTl
plu o’ V'V
| _,J ,
L
L

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

5

e

Pirsa: 11050044 E p ( °u. v {*'1 = I* 3?)

p (u U )
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General probabilistic models

e Subsystems (1) and (2) [
* Measurements U_ V. etc. on each

subsvstem
 Each joint measurement vields a pa

probability distribution over joint results

3

. gl r \
p(u,t[ S S

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

Ue

13

H‘::

L
»
>

subsvstem does not depend on the choice of measurement

on the other subsvstem
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Zp(u.t'ﬁ"l.l"j') p(u[v'l)

Satistied
by AQT

YaVloYo}
=4

\=a~4




General modal models

I 72 1
e Subsystems (1) and (2) )
e Measurements U_ V. etc. on each '
subsvstem
"|..I|I : : ~ oy '|'-r i — E '-!' * &
* Each joint measurement vields a set of
possible joint results
L
>
»
L
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General modal models

2 e pe
e Subsystems (1) and (2) 1)
* Measurements U_ J_ etc. on each i
subsvstem
 Each joint measurement vields a set of s —
possible joint results
1) T11)
X .
»
L
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General modal models

JF %2 2 T2)
» Subsystems (1) and (2) 1)
* Measurements U_ J_ etc. on each )
subsvstem
« Each joint measurement vields a set of Fe S
possible joint results
i 9 I111)
X .
: .
1 Y ¥ .
X
No-signaling principle: The overall possibility of a result — —
E E : 2 Satisfied

on one subsystem does not depend on the choice of b MOT
= N L J

measurement on the other subsvstem
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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

i 712 [712)
e Subsystems (1) and (2) 1)
* Measurements U_ V. etc. on each :
subsvstem
« Each joint measurement vields a set of P -
possible joint results
12 il
X =
-
el L
2P X| X
X

No-signaling principle: The overall possibility of a result § ._
= = | = cr, = ]
ﬂ Satisfied
on one subsystem does not depend on the choice ot b MOT
= W [WIEL )
measurement on the other subsvstem = =
Page 34/83
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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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Probabilistic resolution

Pirsa: 11050044

Can we always replace the X's with probabilities that satisfy

the no-signaling principle?

"'-.{'
X X
X
;{: "f \{!‘
.
b ¢ X
F N £ N
N :
Fal k"
v N\
W W N\
P PAS ™
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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

-

forcedto 1 3
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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

i _;.:]'

Ll

X | | We cannot match
| | this pattern with

anv probability

assignment”
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PR boxes
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PR boxes

>
<

)
N

"5,
)

Popescu-Rohrlich
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PR boxes

Popescu-Rohrlich
"nonlocal box”

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

» Is this an allowed possibility pattern for a pair of
svstems 1 NMQT?
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PR boxes in MQT”

9. 2. ) 5
. B E " F " P
WLOG. we need consider only pure states ' - 1

and "non-overlappmng” measurements. [ oaimd X
E:I_,i 2 El_‘ — (0). etc. El;. X X
Pa kX X

F X X
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irsa:

PR boxes in MQT”

WLOG. we need consider only pure states

and "non-overlapping” measurements. Ey

Ellli F E_ii — (). etc. E-l;-

LD.' = LD.:! —+ ‘PI = ()

11050044
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PR boxes m MQT”

WLOG. we need consider only pure states __ : L
and "non-overlapping” measurements. b B X
E,I_,L ' ElL = 1?_! - etc. E‘ 1 X x
Wal & (1 ¥, =
e Vg) € Ey " @ E, O x X
V) = |¥y)+ |¥;) #0
g (1 2 X X
7 = ]—:__ A EL- Fl
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PR boxes in MQT?

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

Ell]l — Ell ~ l:' =

_——1¥a) € E Gk
II? — 11?|j I 1 II? 1) == t:l
) e BV @ B

'

‘ Vo) € EJJL 2 E5% and |¥,) € E;
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PR boxes imn MQT”

E 2) E-rl F.IE:. F[‘ )
WLOG. we need consider only pure states L ‘ L
and "non-overlapping” measurements. X X
Eil HE‘i = (0). etc. (1) . |
{5 e E; X | X
_|¥e) € E\Y @ EN? (1 /
-— == lD = E EI_I E-}L X X
'I,I — kplj' = lp]_’ :E:I
: > - X IE X
¥,) e B @ E® Ex

m) ) <cE’RF” and |¥,)c E;” Q@ F;°

_—/L W) € Fil R FJ_ sk Tl F}L - F£“
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PR boxes in MQT”

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

£ E) {1 s
E El — (). etc.

(
|

m) ) cE)’ 2F” and |¥,) € E|
1 2 F? and |¥,) € F

") |¥) € F,’ @ E{” and |¥,) € F,'

irsa: 11050044

Page 47/83



PR boxes in MQT?

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

irsa:

Erl'_'rl - Ell —(0); etc E.l
""" lp':'] = E'J & El‘_l E}
@]:LD@""‘-};'II:E:I
_ ¥, €E, 'QE,; F
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PR boxes in MQT”

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

E|-1-_-|l — Ell —
- .lI)._':.'F

0) = [¥g) + |T,) £ 0
S
_ W) € E.I-_IL x) Fl
¥,) c FY @ F?

__/L ) ) 1

== |¥,)c PV g

] — 1
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Two mobits n a "singlet” state

irsa: 11050044

$)=10,1) —|1,0)
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Two mobits n a "singlet” state |[|S)=10.1) —[1,0)

vy ¢ b 4 4
1)
& X X X
X X
r
X X | X
F .\{F /{
79
4 W y Y4
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Two mobits n a "singlet” state

X
e S

2

Pirsa: 11050044

= ~ 7 " W/

.-\{.( # {'- {\ _z'-"\.

X X | X X

N\ 5N P
v L’ N b4
Rl X X || A

- % X X

F % 7y ¥ W g N

N LV LY

2 A 4

! ¥ i _z:{,\_
X | X X
£ " F

S)=10.1) — |1.0)

* We cannot assign
probabilities here such
that p —~ O for each
possible joint result
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Two mobits n a "singlet” state

Y¢

irsa: 11050044

X =

1/2 || 1/2 12| 0
1/2 0|12 1/2
12| 0 112 |[172

12 || 172 0 |1/2
1/2 12| 0 1/2
o | 12 12 || 172

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.
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Two mobits 1n a "singlet” state

S)=10,1) —|1,0)

X© Y® VA
172 || 172 1/2| 0
< N 0| 12 1/2
— 12| 0 12 |[(1/2
1/2 || 1/2 o |12
. |12 12| 0 1/2
Z_
o | 12 1/2 || 1/2
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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 yellow part of the

probability table forms a
probabilistic PR box!
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Two mobits n a "singlet” state

X ¥* F A
= 1/2 || 172 1/2| 0
7 e 0|12 1/2
— 12| 0 1/2 |[1/2
12 || 172 0 |12
iy § 12 12| 0 1/2
Z_
o | 12 1/2 || 1/2
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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 yellow part of the
probability table forms a
probabilistic PR box!
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Tyvpes of general modal theorv (two syvstems)
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Tyvpes of general modal theoryv (two svstems)

NSP = theories that satisfy the
no-signaling principle

SPR = a "strong probabilistic
resolution” exusts (p—0
tor each possibilityv)

WPR = a "weak probabilistic
resolution” exasts (p=t 1s
okayv for some
possibilities)

LHV =a local hidden vanable
theory exiusts

MNQT = possibility pattern can
arise m an MNMQT system

Pirsa: 11050044

Page 57/83



Types of general modal theory (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 probabilistic
resolution” exists (p=0 1s
okay for some
possibailities)

LHV =a local hidden vanable
theory exists

MQT = possibility pattern can
arise mm an MQT system

NSP




Types of general modal theory (two svstems)
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NSP = theornies 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
theory exists

MQT = possibility pattern can
arise mm an MQT system

SPR,

WPR |
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Things we know about MQT

Everything with an LHV model 1s also in MQT.

Some things in SPR (e.g.. 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?
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Things we know about MQT

Everything with an LHV model 1s also in MQT.

Some things in SPR (e.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-syvstem MQT model has a weak
probabilistic resolution. No WPR counterexamples lie in
MQT

Two simplifications of the problem

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

 We only need to consider basic measurements and
= entangled states with Schmidt number =dmm 7~
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Possibility table for an entangled state

X X X X | X d=dm I
_""-._ dlStIllC [ measuremeents
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X X X
X
X x| x X
X X
X X | X X
X = X
X X X
x| X X X
X | X ) X

Possibility table for an entangled state

T

d=dm ]

N distinct measurements

on each system

(ur problem: Devise a
probability assignment
tor this table. respecting
the NSP

We may assign p =0 to
some of the X's if need
he

What we know: This table
corresponds to basic
measurements made on a
"maxmmally entapgled”
NOT state



Hall's marnage theorem

Two sets of d elements: W= {Alice. Beth. Conmie. ___ }
M= {Adam_Bob. Carl. .__ |
A "compatibility” relation between W and M (subset of Wx M)

"Marnage 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. Conmie. ... |
M= {Adam_ Bob. Carl. ... |
A "compatibility” relation between W and M (subset of Wx M)

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

Theorem (Hall. 1935 If the relation between /7 and 1/
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
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Two sets of d elements:

A "compatibility"” relation between W and M (subset of WxM)

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

W= {Alice. Beth. Connie. ... }
M= {Adam. Bob. Carl, ... |

Theorem (Hall. 1935

satisties the marma

(15

If the relation between /" and A/
e condition. then we can "marrv" each
element of /1" with a distinct compatible element of 1/

X | X
X | X
X | X

For our entangled MQT state
Each d d sub-table satisfies the
marriage condition Thus. it
mcludes a "permutation” sub-
table on d elements
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Hall's marriage theorem

Two sets of d elements: W= {Alice. Beth. Conmnie. ... |
M= {Adam_Bob. Carl. ... }
A "compatibility” relation between W and M (subset of WxM)

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

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

For our entangled MQT state
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X X marriage condition Thus. it X
¥ | X mcludes a "permutation” sub- X
e s table on d elements Eeens




Probability assignment

irsa: 11050044
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Probability assignment
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Do the "marriage trick” on
each sub-table mn the
table

Assign p = | dto each
marriage. p =0 to
evervthing else

In each sub-table. each row
and each column sums to
p=1d Thus. this
assignment automatically
satisties the NSP
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Probability assignment
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Do the "marmage trick” on
each sub-table mn the
table

Assign p = | dto each
marriage. p = 0 to
evervthing else

In each sub-table. each row
and each column sums to
p=1'd Thus, this
assignment automatically
satisties the NSP

Everv two-system NMQT
model has at least osg #eak
nrobabilistic recohution



Tyvpes of general modal theoryv (two svstems)

NSP = theonies 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
okav for some
possibilities)

LHV = a local hidden vanable
theory exists

MQT = possibility pattern can
arise i an MQT system

NSP
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Questions. questions. ...
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Questions. questions. ...

* We have had to make a strange distinction between "impossible”
results and "p=" results. What does this mean’
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* We have had to make a strange distinction between "immpossible”
results and "p=1)" 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 "immpossible”
results and "p=" results. What does this mean’

 What about three or more svstems m MQT?

* What quantum mformation ideas can be adapted to NMQT”
(Note: Usually. only zero-error problems make sense. )
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Questions. questions. ...

* We have had to make a strange distinction between "impossible”
results and "p=" results. What does this mean’
 What about three or more svstems m MQT?
» What quantum mformation 1deas can be adapted to MQT?”
(Note: Usually. only zero-error problems make sense )
« Axaom svstems presented here so far (Hardv., CDP. etc ) all
depend on probabilities
» States are defined by probabilities
» Convexuty of the state space (mixtures of preparations )
» Effects are linear functionals on states
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Questions. questions. ...
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We have had to make a strange distinction between "impossible”
results and "p=0" results. What does this mean’

What about three or more systems m MQT?

What quantum mnformation 1deas can be adapted to NMQT”
(Note: Usually. only zero-error problems make sense )

Axiom systems presented here so far (Hardv. CDP. etc ) all
depend on probabilities
« States are defined by probabilities
« Convexuty of the state space (mixtures of preparations)
» Eifects are linear functionals on states
(Can these axioms be modified m a sensible way to explore
modal theories”
» If so. does some mnteresting set of axuoms lead to MQT?
e [Ifso. what kind of MQT (1 e . which scalar field F)”
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We have had to make a strange distinction between "impossible”
results and "p=90" results What does this mean”

What about three or more svstems m MQT?

What quantum information ideas can be adapted to MQT”
(Note: Usually. only zero-error problems make sense

Axiom systems presented here so far (Hardv. CDP. etc ) all
depend on probabilities
« States are defined by probabilities
« Convexuty of the state space (mixtures of preparations)
» Effects are linear functionals on states
(Can these axioms be modified m a sensible way to explore
modal theories”
» If so. does some mnteresting set of axuoms lead to MQT?
» Ifso. what kind of MQT (1 e . which scalar field F)”

NQT 1s at least weakly consistent with probabilistic theories
Can MQT smmulate AQT? Page 80/53



The End
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The End
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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?

» What quantum mformation 1deas can be adapted to MQT?
(Note: Usually. only zero-error problems make sense )

* Asxaom systems presented here so far (Hardv. CDP. etc ) all
depend on probabilities
« States are defined by probabilities
« Convexaty of the state space (mixtures of preparations)
» Effects are linear functionals on states

» (Can these axuoms be modified mn a sensible way to explore
modal theories”
» If so. does some mteresting set of axioms lead to MQT?
» [Ifso. what kind of MQT (1 e . which scalar field F)”

* MNIQT 1s at least weakly consistent with probabilistic theories
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