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Abstract: A family of probability distributions (i.e. a statistical model) is said to be sufficient for another, if there exists a transition matrix
transforming the probability distributions in the former to the probability distributionsin the latter. The so-called Blackwell-Sherman-Stein Theorem
provides necessary and sufficient conditions for one statistical model to be sufficient for another, by comparing their &quot;information
values& quot; in a game-theoretical framework. In thistalk, | will extend some of these ideas to the quantum case.

| will begin by considering the comparison of ensembles of quantum states in terms of their & quot;information value& quot; in quantum statistical
decision problems. In this case, | will prove that one ensemble is & quot;more informative& quot; than another if and only if there exists a suitable
processing of the former into the latter.

| will then move on to the comparison of bipartite quantum states in terms of their & quot;nonlocality value& quot; in nonlocal games. In this case, |
will prove that one bipartite state is & quot;more nonlocal & quot; than another if and only if the former can be transformed into the latter by local
operations and shared randomness, arguing, moreover, that the framework provided by nonlocal games can be useful in understanding analogies and
differences between the notions of quantum entanglement and nonlocality.
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Introduction, motivation

Resource-theoretical framework:
© identify a resource ~» allowed processes: do not use such resource

©@ define resource measures ~~ monotonicity properties: resource-processing
inequalities
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Introduction, motivation

Resource-theoretical framework:

@ identify a resource ~» allowed processes: do not use such resource

©@ define resource measures ~~ monotonicity properties: resource-processing
inequalities

Problem: how to characterize allowed trasformations? does there exist an allowed
process from one ‘‘resource carrier’” to another?

Reversible resource theory: non-increase of resource measures is necessary and
sufficient for the existence of an allowed process between two resource carriers
Examples: equilibrium thermodynamics (with adiabatic processes) and
entanglement theory (with asymptotic SEPP operations)

In this talk:

©@ Statistical decision theory (tasks = statistical decision problems; resource =
information; carriers = statistical models; allowed processes = statistical
morphisms; measures = information values)

© Nonlocality theory (tasks = nonlocal games; resource =
nonlocality /entanglement; carriers = bipartite quantum states; allowed

processes — local operations with shared randomness; measures — nonlocality
values)
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Introduction, motivation

Resource-theoretical framework:

©@ identify a resource ~» allowed processes: do not use such resource

©@ define resource measures ~~ monotonicity properties: resource-processing
inequalities

Problem: how to characterize allowed trasformations? does there exist an allowed
process from one ‘‘resource carrier’” to another?

Reversible resource theory: non-increase of resource measures is necessary and
sufficient for the existence of an allowed process between two resource carriers
Examples: equilibrium thermodynamics (with adiabatic processes) and
entanglement theory (with asymptotic SEPP operations)

In this talk:

@ Statistical decision theory (tasks = statistical decision problems; resource =
information; carriers = statistical models; allowed processes = statistical
morphisms; measures = information values)

© Nonlocality theory (tasks = nonlocal games; resource =
nonlocality /entanglement; carriers = bipartite quantum states; allowed

processes — local operations with shared randomness; measures = nonlocality
values)
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Part |: statistical decision theory

A (classical) statistical model is given by:
©@ parameter set: © = {0}
© state space: A = {d§}; D?(A): set of probability distributions (p.d.) over A
© experiment: function p: © — F?(A); equiv. a family of p.d. (pg;0 € O)
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Part |: statistical decision theory

A (classical) statistical model is given by:

©@ parameter set: © = {0}

© state space: A = {d§}; Z?(A): set of probability distributions (p.d.) over A

© experiment: function p: © — F?(A); equiv. a family of p.d. (pg;0 € O)
To define a statistical game (equiv. statistical decision problem) we need
three more ingredients:

© action set: X = {z}

© decision/observation: affine function 7 : 22(A) — 22(X)

Q@ payoff function:  : ® X X — R

exper. > decision rayoff
0 === pg(d) Beowen; w(x|@) = (7 o pe)(x) L2 pe(p, ) 1= E m(xz|0)p(0, x)
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Part |: statistical decision theory

A (classical) statistical model is given by:

@ parameter set: © = {0}

© state space: A = {d§}; D?(A): set of probability distributions (p.d.) over A

© experiment: function p: © — Z?(A); equiv. a family of p.d. (pg;0 € O)
To define a statistical game (equiv. statistical decision problem) we need
three more ingredients:

© action set: X = {z}

© decision/observation: affine function 7 : 22(A) — 22(X)

Q@ payoff function:  : ® X X — R

exper. = decision rayoff
0 =23 pg(d) b 7(xz|0) = (7 o pe)(x) — po(p, ) 1= E m(xz|0) (0, x)

Def. The information value of a statistical model E = (pg; 0 € ©) with respect to
a statistical game G = (O, X, p) is given by ¢ (F) := maXsy.decision 2 _g 0 (P, ).
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A (dassical) statistical mofdel is given by:

©Q |parameter set: © = {6}

@ [state space: A = {8}; P(A): set of probability distributions (p.d.) over A
@ lxperiment: function p |© — P(A); equiv. a family of p.d. (pg; 0 € ©)

To dhfine 2 statistical gamd (equiv. statistical decision problem) we need

three more ingredients:
© action set: X = {z}
© decision/observation: affine function 7 : 2(4) = Z(X)
© payoff function: p: 0 XX = R

g =P o (5) 2255 (i) = (7 0 po)(2) 22X po(p,7) = ) w(zl0)p(6, 7)

Def. The information value of 2 statistical model E = (pg; 0 € ©) with respect to
- statistical game G = (6, X, p) is given by pg(E) := mayggecision > o po(p, ).
i
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The Blackwell-Sherman-Stein theorem

For a fixed parameter set ©, let us consider two statistical models F = (pg; 0 € O)
and F' = (qp; 0 € ©), with state spaces A = {6} and I' = {~}, resp.

Def. F is said to be statistically more informative than F', written E Dgat F, if
and only if p&(E) = pg(F'), for all statistical games G = (O, X, p).

Pirsa: 11100065 Page 13/47



The Blackwell-Sherman-Stein theorem

For a fixed parameter set ©, let us consider two statistical models F = (pg; 0 € O)
and F' = (qp; 0 € ©), with state spaces A = {6} and I' = {~}, resp.

Def. F is said to be statistically more informative than F', written E Dgat F, if
and only if & (E) = pg(F), for all statistical games G = (O, X, p).

stochastic transformation: linear map X : Z22(A) — £ (I")
Data-processing inequality. For any statistical model . = (pg; 0 € ©) and any

stochastic transformation X : 22(A) — P2 ("), FE Dgtar 2(F), where
X(E) .= (2:]()();9 = @)
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The Blackwell-Sherman-Stein theorem
For a fixed parameter set ©, let us consider two statistical models F = (pg; 0 € O)
and F' = (qp; 0 € ©), with state spaces A = {6} and I' = {~}, resp.

Def. F is said to be statistically more informative than F', written E Dgat F, if
and only if p&(E) = pg(F), for all statistical games G = (O, X, p).

stochastic transformation: linear map X : Z2(A) — £ (I")
Data-processing inequality. For any statistical model . = (pg; 0 € ©) and any

stochastic transformation X : 22(A) — P2 ("), F Dgtar 2(F), where
X(E) = (2:]()();9 = @)

Theorem (Blackwell 1949~1953, Sherman 1951, Stein 1951)

Fix a parameter set ©. Let . = (pp;0 € ©O) and F = (qp; 60 € ©O) be two
statistical models on state spaces A and 1", respectively. Then, N D, .. I if and
only if F 3(F), for some stochastic transformation 3 : Z2(A) — 22(1).
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Quantum statistical models

A quantum statistical model is given by:
parameter set: © = {6}
Hilbert space: JH; S(J(): set of density matrices acting on HH
quantum experiment: function g : ©® — S(H); equiv. a family of density
matrices (gg; 0 € ©O)
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Quantum statistical models

A quantum statistical model is given by:

parameter set: © = {6}
Hilbert space: JH; S(J(): set of density matrices acting on H
: © — S(H); equiv. a family of density

quantum experiment: function o :
matrices (gg; 0 € O)
A quantum statistical game:
© action set: X = {x};, 2?(X): set of probability distributions over X
@ decision: affine function 7 : () — Z?(X); equivalently, POVM
= (n%;x € X), with 7t 20 and >__ n* = 1y
Q@ payoff function: : ©® x X —» R
payoff

9 =F=3 o¢ Lk L p(x|0) = Tr[n®gg] — we(0, ™) = E p(x|0)p(0, x)

Page 17/47
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Comparison of quantum statistical models

For a fixed parameter set ©, let us consider two quantum statistical models
R = (pp;0 € ©) and S = (0p;0 € ©), on Hilbert spaces JH{ and X, resp.

Def. R is said to be statistically more informative than S, written R Dgiat S, if
and only if p&(R) = p&(S), for all quantum statistical games G = (O, X, p).
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Comparison of quantum statistical models

For a fixed parameter set ©, let us consider two quantum statistical models
R = (pp;0 € ©) and S = (09;0 € ©), on Hilbert spaces JH{ and X, resp.

Def. R is said to be statistically more informative than S, written R Dgiat S, if
and only if & (R) = p&(S), for all quantum statistical games G = (O, X, p).

Quantum data-processing inequality. For any statistical model
R = (p9;0 € ©) and any CPTP map ® : L(H) — £(K), R Dstat P(R), where
P(R) := (Pop; 0 € O).
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Comparison of quantum statistical models

For a fixed parameter set ©, let us consider two quantum statistical models
R = (pp;0 € ©) and S = (09;0 € ©), on Hilbert spaces JH{ and X, resp.

Def. R is said to be statistically more informative than S, written R Dgiat S, if
and only if & (R) = pe(S), for all quantum statistical games G = (O, X, p).

Quantum data-processing inequality. For any statistical model
R = (09;0 € ©) and any CPTP map ® : £(H) — £(XK), R Dstar P(R), where
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Fact. There exist quantum statistical models R = (pg;0 € ©) and
S = (0g;0 € O) such that R Dgiur S, but & CPTP such that S = ®(R).
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Comparison of quantum statistical models

For a fixed parameter set ©, let us consider two quantum statistical models
R = (pp;0 € ©) and S = (09;0 € ©), on Hilbert spaces JH{ and X, resp.

Def. R is said to be statistically more informative than S, written R Dgiat S, if
and only if p&(R) = pe(S), for all quantum statistical games G = (O, X, p).

Quantum data-processing inequality. For any statistical model
R = (00;0 € ©) and any CPTP map ® : £(H) — £(K), R Dstar P(R), where
P(R) := (Pog; 0 € O).

Fact. There exist quantum statistical models R = (pp;0 € ©) and
S = (0g;0 € O) such that R Dgiar S, but & CPTP such that S = ®(R).

Fact. There exist quantum statistical models R = (pg; 0 € ©) and
S = (0g;0 € O) such that R Dgiar S, but A PTP (!) such that S = ®(R).
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Statistical morphisms and a noncommutative BSS theorem

For 3 and XK Hilbert spaces, denote by £(J{) and £(X) the set of linear operators
acting on them.

Def. Let R = (pg;0 € ©) be a quantum statistical model on 3. A linear map
A:L(H) - £(K) is said to induce a statistical morphism of R if and only if:
Q Aoy € S(K), for all 6 € ©;

@ for any POVM (w*;xz € X) on XK, there exists a corresponding POVM
(w®; 2z € X) on H, such that: Tr[Agg w*] = Tr[ge 7*], VO € © and Vz € X.
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Statistical morphism$ and a noncommutative BSS theorem

For 3 and X Hilbert spaces,|denote by £(H) and £(X) the set of linear operators
actirjg on them
Def| Let R = (ps: 8 € ©) bg a quantum statistical model on . A linear map
A : §(5) — £(X) is said to |nduce a statistical morphism of R if and only if:
@ Mos € S(X), for all 6 €/6; N

© for any POVM (w=;z €|X) on X, there exists
(x=:z € X) on I, such that: Tr[Ags w*| = Tr[os

esponding POVM
\ V6 € © and Vz € X.
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Statistical morphisms and a noncommutative BSS theorem

For 3 and XK Hilbert spaces, denote by £(J{) and £(X) the set of linear operators
acting on them.

Def. Let R = (pg;0 € ©) be a quantum statistical model on J(. A linear map
A:L(H) - £(K) is said to induce a statistical morphism of R if and only if:
Q Aoy € S(X), for all 8 € O;

@ for any POVM (w#;x € X) on K, there exists a corresponding POVM
(w%;xz € X) on I, such that: Tr[Age w®] = Tr[ee m*], VO € © and Vz € X.

Generalized data-processing inequality. Given a statistical model
R = (09;0 € ©), let A : £(F) — £(K) induce a statistical morphism of R. Then,

R Dgtat A(R).

Noncommutative BSS theorem. Fix a parameter set ©. Let R = (pp;0 € O)
and S = (0g;0 € ©) be two quantum statistical models on Hilbert spaces H and
XK, respectively. Then, R Dgiat S if and only if S A(R), for some statistical
morphism A : L(H) — £(X).
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From statistical morphisms to CPTP maps

First extension theorem. Let R = (pg;0 € ©) and S = (0g9;0 € ©) be two
quantum statistical models on Hilbert spaces 3 and IC, respectively. Let

log, 00| =0, VO,0" € ©. Then, S = A(R), with A statistical morphism, if and
only if S = ®(R), with ® CPTP map.
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From statistical morphisms to CPTP maps

First extension theorem. Let R = (pg;0 € ©) and S = (0g;0 € ©) be two
quantum statistical models on Hilbert spaces JH and IC, respectively. Let

log, 00| =0, VO,0" € ©. Then, S = A(R), with A statistical morphism, if and
only if S = ®(R), with ® CPTP map.

Second dilation theorem. Let R = (pg;0 € ©), S = (0g;0 € ©), and
T = (1¢; € € =), be three quantum statistical models on Hilbert spaces 3{, K, and
L, respectively. Let the composition T @ R be defined as the statistical model
(Te R ;£ €=Z,0€O©) on LRI, Let T @ S be defined analogously. Moreover,
suppose that £L = K and span{7¢ } = £(I). Then, TFAE:

Q T RXS=ATR®R), with A : L(LR®IH) - L(L ® K) statistical morphism;

Q@ T RS=PTRR), withd :L(LRXRH) > L(LRX®K) CPTP map;

Q@ S = ®(R), for some CPTP map ® : L(H) — L(K).
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Quantum BSS theorems

Semi-classical BSS theorem. Let R = (0p;0 € ©) and S = (0¢;0 € ©) be two

quantum statistical models on Hilbert spaces H{ and K, respectively. Let moreover
[ce,00:] =0, V0,0’ € ©. Then, R Dgiar S if and only if S

$(R), for some
CPTP map ® : £(H) — £(X).

Identifying commutative quantum statistical models with classical statistical
models, we recover the BSS theorem.
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Quantum BSS theorems

Semi-classical BSS theorem. Let R = (pp;0 € ©) and S = (0g;0 € ©) be two
quantum statistical models on Hilbert spaces H{ and K, respectively. Let moreover
[ce,00:] =0, V0,0’ € ©. Then, R Dgiar S if and only if S P(R), for some
CPTP map ® : £(H) — £(XK).

Identifying commutative quantum statistical models with classical statistical
models, we recover the BSS theorem.

Quantum BSS theorem. Let R = (pp;0 € ©) and S = (0p;0 € ©) be two
quantum statistical models on Hilbert spaces JH{ and JC, respectively. Then TFAE:

T R R Dgtar 1T ® S, for any auxiliary quantum statistical model T';

T X R Dgtar 'R S, for some auxiliary quantum statistical model
T = (1¢;€ € E) on X, such that span{t:} = £(X);
S = ®(R), for some CPTP map ® : L(H) — £(XK).

Complete positivity is always related with the possibility of extending quantum
systems by tensoring.
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bere beginneth tbe fecond part: nonlocality theory

O QAB /B:b\
% i Yy

Pirsa: 11100065 Page 29/47



bere beginneth tbe fecond part: nonlocality theory

OAB fB—:

The rules of a nonlocal game G,,; consist

of:
¢ © four (finite) index sets & = {s},
Y T = {t}, X = {x}, and ¥ = {g};
@ a payoff function
the referee P:8XT XX XY —>R.
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bere beginneth tbe fecond part: nonlocality theory

Y OARB S
Alice Bob The rules of a nonlocal game G,,; consist
of:
xT 7]

5 ¢ Q@ four (finite) index sets 8§ = {s},
- T = {2}, X = {#}, and ¥ = {a };
@ a payoff function

P:8XxTxXxY —> R

Notation: questions are encoded on orthonormal quantum states
|8)(s| € S(Ha,) and [t)(t| € S(Hp,).

Def. The nonlocality value of a bipartite state pap € S(H4 ® Hp) with respect

to a nonlocal game G, = (8,7,X, Y, g) is given by

p loan; Gal) =

max E w(s, t, x, y):[‘r [(P3, 4 ® (\2!1,’313“) (|s){s|a, ® 0aB ® |t><t|5(,)l-

P,Q:POVM’s
s,t,xr,y =
p(x,y|s,t)
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Comparison of bipartite states (1/2)

Def. A bipartite state pap € S(H 4 ® Hp) is said to be more nonlocal than
another TA B € G(S’C‘/y Q’Qg’{[;r), written OAB in T A7, if and only if
©*(eaB; Gn) = ©*(ca p; Gn ), for all nonlocal games G,,;.
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Comparison of bipartite states (1/2)

Def. A bipartite state oap € S(Ha ® Hp) is said to be more nonlocal than
another TA B € g(j’f/\f @Qg'f[;r), written OAB in T A7, if and only if
©*(0aB; Gn) = ©*(ca p; Gn ), for all nonlocal games G,,;.

Local operations with shared randomness (LOSR): bipartite CPTP maps

P L(HaRHpg) > L£(Ha ® Hp) that can be written as ® = > u(i)€* ® F°,
for some . probability distribution, and some CPTP maps €% : £(F4) — £(F 4/)
and J° 22(:}(”) — 2(9{13!).
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Comparison of bipartite states (1/2)

Def. A bipartite state oap € S(H a4 ® Hp) is said to be more nonlocal than
another o4/ g € S(H 4 @ Hpyg:), written eap 2n carg’, if and only if
©*(eaB; Gn) = ©*(ca B ; Gn ), for all nonlocal games G,;.

Local operations with shared randomness (LOSR): bipartite CPTP maps

P L(HaRHp) > L(Ha ® Hp ) that can be written as ® = > u(i)€* ® F°,
for some . probability distribution, and some CPTP maps €% : £(34) — £(F 4/)
and J° 22(:}(”) — 2(9‘(}3!).

Nonlocality-processing inequality. For any bipartite state pap and any LOSR
P acting on L(H s X Hp), caB 2n P(oan).
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Semi-quantum nonlocal games

The rules of a semi-quantum nonlocal
game G, consist of:
© four (finite) index sets 8 = {s},
T = {t}, X = {2} and ¥ = fu};

© two families of density matrices

| T:=(7%s8€8) and w := (w%t € T) on
the referee Ap and By, retSpectlver;
© a payoff function

P: 8 XT xXAxY — R.
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Semi-quantum nonlocal games

The rules of a semi-quantum nonlocal
IB‘: game G, consist of:

@ four (finite) index sets 8 = {s},
T = {t}. X = {z}. and ¥ = fy};

© two families of density matrices
T:=(7%;8€ 8) and w := (w¥;t € T) on

Aq and By, respectively;
the referee 9 < P Y

© a payoff function
P: 8 XTxXAxY —> R.

Def. The nonlocality value of a bipartite state pap € S(Ha ® ) with respect
to a semi-quantum nonlocal game G |* = (8,7,X,Y, 7,w, g) is given by

" (0aB; G ?) 1=

p E ~( g P i x ; ? : t
li,CQ:If}(CJi)\.(/M’S ¢ S-)(b-, L’ % .U) Tr [(I);lUA R (Ql};Bn) (T;lll X eAB @ wB(]):I }
8,t,2,Y
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Comparison of bipartite states (2/2)

Def. Given two bipartite states pap € S(Ha ® Hpg) and
T A B € B(}CAI 29 g‘fj_gl), we write CAB 2,.;_(] oa g if and only if

8-q

0 (0aB; G = p*(ca s ;G 1), for all semi-quantum nonlocal games G

s-q
il ¢
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Comparison of bipartite states (2/2)

Def. Given two bipartite states pap € S(Ha ® Hp) and
T A B € B(U{AI 29 g‘f}gl), we write CAB 2,.;_(, oa g if and only if

*e . 8-q * . —8-q . s-q
©*(oaB; G, ") = " (ca ;G "), for all semi-quantum nonlocal games G_*.

Nonlocality-processing inequality. For any bipartite state pap and any LOSR
P acting on L(H 4 Q@ Hp), 0aB 2s-q P(oan).

Equivalence theorem. For any two bipartite states pap € S(Ha ® Hp) and
oa'p €S(Ha @Hpr), 0AB 2s-q a'B’ if and only if ca g P(oap), for some
LOSK @ ; Q(I}{A x 9'{:]_3) — ﬂ,(:}'{:/gz X :}{U’)
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Comparison of bipartite states (2/2)

Def. Given two bipartite states pap € S(Ha ® Hpg) and
T A B € B(U{A' 29 g‘fj_gl), we write CAB 2,.;_(, oa g if and only if
0 (0aB; G ) = p*(ca p; G ?), for all semi-quantum nonlocal games G

s-q
il ¢

Nonlocality-processing inequality. For any bipartite state pap and any LOSR
P acting on L(H 4 QHpg), 0aB 2s-q P(0an).

Equivalence theorem. For any two bipartite states pap € S(Ha ® Hp) and
TgA' B € B(S{Af (039 %13/), OAB ID.\, q TA' B’ if and on/y ff—(T..\/;;' q’(@_.\/;), for some

Consequences. Separable states are the endpoints of the relation Dg . All
separable states have the same nonlocality values, i.e.

*(0an; G") = ©ip(GL "), for all separable states pap and all semi-quantum

8-q
nonlocal games G_|*.
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Comparison of bipartite states (2/2)

Def. Given two bipartite states pap € S(Ha ® Hp) and
TA B & B(U{A' 29 G‘fj_gl), we write CAB 2,.;_(4 oa g if and only if
0 (0aB; G ) = p*(carp; G ?), for all semi-quantum nonlocal games G

s-q
il ¢

Nonlocality-processing inequality. For any bipartite state pap and any LOSR
P acting on L(H 4 @ Hp), 0aB 2s-q P(0aB)-

Equivalence theorem. For any two bipartite states pap € S(HaA ® Hp) and
TarB € B(S{Af (039 %13/), OAB '>,, q TA' B’ if and on/y f{_(T..V”' (I’(Q_.\H), for some
LOSR D :Q(I}{A@}(:]j) — ‘E‘(:}CA’@:}CU’)‘

Consequences. Separable states are the endpoints of the relation Dy . All
separable states have the same nonlocality values, i.e.

8-

p*(oap; Gt ) = ©sep (G, ), for all separable states o ap and all semi-quantum

nonlocal games G]|*. A state pap is entangled if and only if 3G]? such that

: nl 2
s-q * s-q

5")*(9/1[3; Gn] ) - g‘.)ﬁl‘!p(GIll
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Semi-quantum nonlocal games

The rules of a semi-quantum nonlocal
game G, consist of:
@ four (finite) index sets 8 = {s},
T = {t}. X = {z}); and ¥ = {u};

© two families of density matrices

' 7:=(7%;8€ 8) and w := (w¥;t € T) on
the referee Ap and By, r‘?SpeCt'Ve'Yi
© a payoff function

P: S XTxXAxY > R.
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Cornparison of bipariite states (2/2

Def* Given two bipartite states pap € S(Ha ® Hp) and
cag €S Hay @Hp ), welwrite pap 2ysq TA'B if and only if

- = - " G -- l"q.
p (g,‘g.Gﬂ __L o ; p (gars: "), for all semi-quantum t_'n?nlpca_l game_anl____J

processing ineuality. For any bipartite state g4p and any LOSR
@ ng on !'(3{4 o2 9{3)' OaAB 25—(; <I)(QAB)- g B

ny two bipartite states pap € S(Ha ® Hp) and
, Deq Oarp’ if and only if carp = $(pap), for some
(H oy @ Hp). B

Equivalence theorem. For
cap €S(Ha @Hp). 04
LOSR® :L(H,@Hg) = L

Conseguences. Separable stjites are the endpoints of the relation Dg.q. All
states have the sarhe nonlocality values, i.e. .
" -G%Y) = Po(Gor all separable states pap anfi all semi-quantum
P gomes G4, A state pap is entangled if and only if 3G such that
" (oas:G) > Py (G )- The relation 2n alone does not imply the existence J

of an LOSR (this proves the previous claim).

o
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Concluding remarks

So, can we actually find the dynamical equivalent of 25,7
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Concluding remarks

So, can we actually find the dynamical equivalent of 2,7 Mere analogy would
suggest the following conjecture:

Conjecture. Let us consider the set of bipartite CPTP maps ®,,, whose action
on a bipartite state pap can be written as (E 4,4 ® Tpp,)(0a ® aa,B,), where
xA,B, IS an LHVPOV state (Barrett). Then, pap 2nl ca B if and only if

T A B’ DPw(oap), for some Py, so constructed.
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Concluding remarks

So, can we actually find the dynamical equivalent of 2,7 Mere analogy would
suggest the following conjecture:

Conjecture. Let us consider the set of bipartite CPTP maps ®,,, whose action
on a bipartite state pap can be written as (E 4,4 ® Tpp,)(0a ® aa,B,), where
@A,B, IS an LHVPOV state (Barrett). Then, pap 2nl ca B if and only if

T A B’ P (0ap), for some Py, so constructed.

Summary:

@ statistical decision theory as a reversible, partial-ordering resource theory
(operational tasks = statistical decision problems; resource carriers =
statistical models; allowed processes — statistical morphisms; resource
measures = information values)
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Concluding remarks

So, can we actually find the dynamical equivalent of 2,7 Mere analogy would
suggest the following conjecture:

Conjecture. Let us consider the set of bipartite CPTP maps ®,,, whose action
on a bipartite state pap can be written as (E 4,4 ® Tpp,)(0a ® aa,B,), where
xA,B, IS an LHVPOV state (Barrett). Then, opap 2nl ca B if and only if

T A B P (0ap), for some Py, so constructed.

Summary:

@ statistical decision theory as a reversible, partial-ordering resource theory
(operational tasks = statistical decision problems; resource carriers =
statistical models; allowed processes — statistical morphisms; resource
measures = information values)

nonlocality theory as a reversible, partial-ordering resource theory (operational
tasks = semi-quantum nonlocal games; resource carriers = bipartite states;
allowed processes — LOSR; resource measures = nonlocality values)
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Concluding remarks

So, can we actually find the dynamical equivalent of 2,7 Mere analogy would
suggest the following conjecture:

Conjecture. Let us consider the set of bipartite CPTP maps ®,,, whose action
on a bipartite state pap can be written as (E 4,4 ® Tpp,)(0a ® aa,B,), where
xA,B, IS an LHVPOV state (Barrett). Then, pap 2nl ca B if and only if

T A B’ Dw(oap), for some Py, so constructed.

Summary:

@ statistical decision theory as a reversible, partial-ordering resource theory
(operational tasks = statistical decision problems; resource carriers =
statistical models; allowed processes — statistical morphisms; resource
measures = information values)

nonlocality theory as a reversible, partial-ordering resource theory (operational
tasks = semi-quantum nonlocal games; resource carriers = bipartite states;
allowed processes — LOSR; resource measures = nonlocality values)

tbe end.
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