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Abstract:

Quantum guessing games provide a framework for analyzing how information encoded
extracted through measurement. Beyond the standard role of side information, we intro
knowledge that further side information of a certain type will later become available.
distinction uncovers a finer structure in the interplay between timing, informatior
metainformation can, in some scenarios, raise success probabilities to match those a
Metainformation connects directly to two applications: the detection of quantum incompa
This talk outlines the basic framework of metainformation and reviews these applications
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This talk

®* Metainformation in quantum information processing

&
1 C Y 1]
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Two applicat
* Detection of quantum incompatibility

® Parallel hybrid computation
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Communication scenario

Let’s encode two bits of information into
four qubit states.

Two bits are written as

1+,1- 2+, 2- Pry

A 4
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Communication scenario

Then we send this information to our friend Bob. / e

Bob cannot read our message perfectly - he gets it right half the time. KT/

e d © 0O © O
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Communication scenario

Let’s encode two bits of information into
four qubit states.

Two bits are written as

1+ 1= 2%, 2= Pry

v

P1-
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Communication scenario

Then we send this information to our friend Bob. @m
‘/‘ x

Bob cannot read our message perfectly - he gets it right half the time.
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!‘ 1+
What if we can tell the basis (1 or 2) to Bob prior he is performing a measurement? Q
Then Bob can use two different measurements and he gets the message always right. | il

| P
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What if we can tell the basis (1 or 2) to Bob after he has performed a measurement?

| 1+
an
Then Bob has to use a single measurement, but he can post-process the outcome. ”*Q
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What if we can tell the basis (1 or 2) to Bob after he has performed a measurement?

Then Bob has to use a single measurement, but he can post-process the outcome.

measurement post-measurement it
outcome information gu
1+ {1+,1-} 1+
1+ {2+,2-} 2+
1- {1+1-} 1-
1- {2+,2-} 2-
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measurement post-measurement s
outcome information g
2+ {1+1-} 1+
2+ {2+,2-} 2+
2- {1+1-} 1-
2- {2+’2 -} 2-
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What if we can tell the basis (1 or 2) to Bob after he has performed a measurement?

Then Bob has to use a single measurement, but he can post-process the outcome.

measurement post-measurement _
outcome information g
1+ {1+1-} 1+
1+ {2+,2-} 2+
1- {1+1-} 1-
1- {2+,2-} 2-
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The probability of guessing correctlyis P, = —

measurement post-measurement -
outcome information su
2+ {1+1-} 1+
2+ {2+,2-} 2+
2- {1+1-} 1-
2- [2+’2-} 2-
1
(3 + cosB)

post = 4
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@ Communication with metainformation

Suppose we can tell to Bob
- prior measurement: the form of the side information (metainformation)

!\ 71+
- after measurement: the right basis p?_@

Bob has to use a single measurment, but he can choose it differently.

{1+,1-} Or {2+,2-}
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What if we can tell the basis (1 or 2) to Bob after he has performed a measurement? Q

Then Bob has to use a single measurement, but he can post-process the outcome.
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@ Communication with metainformation

Suppose we can tell to Bob
- prior measurement: the form of the side information (metainformation)
- after measurement: the right basis

Bob has to use a single measurment, but he can choose it differently.

{1+,1-} Or {2+,2-}
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®

It turns out that the optimal measurement is
between the two bases.

P2y
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®

It turns out that the optimal measurement is

.:;-(-"‘ig, >
™

AVEVEGRdec3

P2y

between the two bases.
measurement post-measurement ess
outcome information gu
o {1+1-} 1+
+ {2+,2-} 2+
{1+1-} 1-
{2+,2-} 2-
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®

It turns out that the optimal measurement is

Communication with metainformation ==~

between the two bases.
measurement post-measurement ess
outcome information e
- {1+,1} 1+
- {2+,2-} 2+
{1+,1) 1-
{2+,2-} 2-
The probability of guessing correctlyis P, ., =

Pirsa: 25100154

P i
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P2y
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Comparison

Probability of guessing correctly

1 I
Ppre = 1
Amount of
.sic%e . % 1 { i 1 +cosé
information meta — ) ) 1/ 2
1 ; |
P = E O 0/4 6/2
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Summary

A communication scenario comes in four variants and

P _.>P

pre = * meta

ZPposr-ZP

Depending on the encoding of information, all above inequalities can be either = or >.
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Summary

A communication scenario comes in four variants and

P >PetaZPost P

pre —

Depending on the encoding of information, all above inequalities can be either = or >.

Detection of quantum incompatibility is about P e > P

Parallel hybrid computation is about P, Pp ost
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Comparison

AVEVEGodec3

Probability of guessing correctly

1 I
Ppre = 1
Amount of
f,ic%e . P _1 { & 1 +cosé@
information meta — ) ) 1/2
1 i |
% 0 6/4 0/2
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Summary

A communication scenario comes in four variants and

P _.>P

pre = * meta

ZPposr-ZP

Depending on the encoding of information, all above inequalities can be either = or >.
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. Detection of quantum incompatibility
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Incompatibility of meters

'8 ™\
\, J/

They are compatible if there exists a joint meter that allows to implement them
simultaneously.

Otherwise they are incompatible.
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@ Incompatibility vs Entanglement

entanglement

incompatibility

property of what? |- bipartite states - pairs of measurements
) - multipartite states - collections of measurements
how defined? not being separable not being compatible
easy cases? for pure states for sharp meters
separability is equivalent compatibility is equivalent
to product form to commutativity
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@ Witnessing a quantum property

2Cts having the quantum

objects
quantur
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@ Witnessing a quantum property

witness = linear functional 77 that determines a region
withn(x) < 0
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@ Witnessing a quantum property

witnhess

tight witness
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@ Witnessing a quantum property

witnhess

tight witness

What are witnesses for incompatibility?
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AVEVECodec3

Obsé;'vation:

Ppre = Pmeta

if and only if

the meters that maximize pre-
'measurement guessing probability are

| compatible.

N — — {1+,1-} or {2+,2-}
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Witnessing incompatibility

T hanram
.r 1ICOICIIL

An incompatibility witness is composed of

Linear map X =-==>
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Obsérvation:
P_=P

pre meta
if and only if
the meters that maximize pre-
measurement guessing probability are

compatible.
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Page 32/50



-

Witnessing incompatibility

"

AVEVECSHecs %

T hanram
.r 1ICOICIIL

An incompatibility witness is composed of

Linear map X —eeo> ”;;:::::::::::::::::12 -3 P
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&

witnhess

tight witness

What are witnesses for incompatibility?

They correspond to (certain) partitioned
states ensembles.

By calculating P,,,,, we can form a tight
witness.
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Witnessing incompatibility

T}

1 Nneorem

An incompatibility witness is composed of

Linear map Xi =rrmp
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AVEVECodec3

6bservation: -
P_=P

pre meta
if and only if
the meters that maximize pre-
'measurement guessing probability are
‘compatible. |

N — — {1+,1-} or {2+,2-}
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Witnessing incompatibility

Remark: not any kind of metainformation
give rise to an incompatibility witness.

Inthiscase P, = P and

pre meta:
there is therefore no
incompatibility witness.

P1-
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. Parallel hybrid computation
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AVEVECOdec3

y=353
ISINCORRECT
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Parallel hybrid computation

AVEVECodec3

One can use quantum and classical computers in sequence.
But how about using them simultaneously?

Idea: Run them parallel and try to use the
classical computation to improve the success '
. . L }
probability of the quantum computation. e ' -
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® Metainformation in quantum computing

AVEVE€odec3

INPUT
x=1729 o B _
LS SEP |1 quantum
/N computation
classical
computation

post-processing
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=54

Metainformation in quantum computing

AVEMECodec3

INPUT
x = 1729

quantum
computation

classical
computation

Metainformation = -
knowledge that there will post-processing
be partial information of

certain type.
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®

INPUT
x = 1729

classical
computation

Pirsa: 25100154

Metainformation in quantum computing':'

post-processing

quantum
computation

Anticipative
measurement is
optimized for this
parallel task rather
than for the quantum
performance alone.

D {;
AVEVEGodec3
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AVEVECodec3

Quantum computation anticipates the
output from the classical part. It does not
depend on the value of classical output

INPUT but only on its form.
x=1729
Examples:
e result is smaller than some fixed value
iianii e result %s EVEI:I or odd
computation e result is not in some fixed subset
classical

All these different forms lead to different
anticipative measurements.

computation

post-processing
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®

Possible input: 1+, 1-, 2+, 2-
Task: identify input

Py Post-measurement information: green / orange
+

v
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0.85

0.80+

0.75

0.70

0.65 1

0.60

0.55 1

0.50

0.45

—— Standard M (theory)
—— Anticipative M (theary)

Anticipative method is better.

-/

rrI/f-l
g

e k = 0 - noclassical information
e k=1 - onewrong answer ruled out
e k =2 - twowrongs answers ruled out
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anticipative (theory)

standard (theory)

Standard method is better.




AVEMECodec3
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b e —

i -. -n-!‘a'—-ﬁ:--.n:g_;‘;:t:::-:" —

0.75 s

10.704

0,65 T m e e

[ S~

060
0.551 x
k=0
0.50 [t g e g A R R S R R R B e e s e T -
0.45 . | ‘ . |
0 /12 /6 /4 /3 57/12 /2
g
e k =0 - noclassical information
e k=1 - onewrong answer ruled out
e k =2 - twowrongs answers ruled out
anticipative (theory) . anticipative (exper.)
standard (theory) e standard (exper.)
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