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Observables A and B

A:{(x,P(x))} xeA

B:{(xQx))} x'€B
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If there is no perfect joint measurement:

Can we find an approximate joint measurement?
What is a good approximation?

Can we compute it?
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C:{(z, R(2))}
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How to assess A(A, A'):
| Choose a costfunction on outcomes: c(x, y)

Il Get a distance for probabilities (Wasserstein)

Wilp. p'):= inf 3 clxy)v(xy)

er(p,p’
Y (pp)x,yefl

[l Get a distance for POVMs
Au(A A") = sup Wi(p), p})
P
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I: What is a good c(x, y) for your outcomes?
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I: What is a good c(x, y) for your outcomes?
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I: What is a good c(x, y) for your outcomes?
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I: What is a good c(x, y) for your outcomes?
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[I: Wasserstein distance Wy (p, p’)

(Transport, Kantorovic-Rubinstein, Monge, ...
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Transport Problem:
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Transport Problem:
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Transport Problem:
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Transport Plan vy:
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Transport Plan y:
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Transport Plan y:
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Transport Plan y:
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Wi(p, p’) =Ianvxy c(x,y)
x,yeA
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Fp, p') = ¢ FEEELL EEEED. -
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Measurement error

{i1 Leibniz

QIG @ TP 162 Universitit
Hannover 4094 | Hannover

all

B

Au(A A") = sup Wi(py, pp)
Y
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Calibration error

alll.
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CA(ALA)

Ac(A A" :==sup W1(P@><y|v P§;<y\)
y
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Entangled reference error
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A(A,A)

A(B, B")
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A(A, A)

A\

b\ A(B,B")
&(a, b) = iréf aA(A, A") + bA(B, B')
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Kantorovic duality
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2HR, oA.A8

|
-0(y) +HP(x)

A, = 1
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P(x) —oly) <clx,y)

" pricing "
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Duality
el & Y1l
=sup Z p(x)tb(x) — Z p'(y)ely)
(W) y

20 /28



il Leibni
QIG@ITP [ 4 .1 Uni mmm
Hannover 109:4  Hannover

Equality if Y (x) — @(y) = c(x, y) on supp(y)
[]

consider only

{(a, (Pa)}agg Q] < o0
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A(A, A)

A\

b\ A(B,B")

&(a, b) = iréf aAy(A, A"+ bAy(B, BY)



Emla, b) = inf maxsu
m(a, b) nf ma pf

a ) (alx

x,yeA

b (bplx

x,yeB

) tr[pP(

x) trloQ(
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Emla, b) = iréf r?(%x

all ) [Walx)P(x) = @aly)P'(y))

x,y€A

bll Y (Wp(x)Q(x) — @p(y)Q'(y))

x,y€B
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Emla, b) = inf ap + bA
subj. to
MEZ D) $a(x)P(x) =) daly)P'y) Ve
y

xeA

AT> ) dp(x)Q(x)— ) bplyQ'(y") VB

x'eB y'eB
R(x,x') >0 V(x,x') e AxB

x'€B
Z R(x,x)=Q'(x") Vx' €B
xEA
Z R(x,x") =1
xEAX'B
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