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aka t omography
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Suppose  N  moderately l arge :                ,  

Given :  N  c opies of                                          

-- what is     ?   ( m easurement + da taprocessing )

separate / a dapt ive / L OCC / separable / c ollect ive ?        

# of c omponents / m easurements ?   proje ct ive / PO VM ? ...  

pr ior ÔknowledgeÕ ?     (pu re/ mixed, 2D/ 3D :             )

pr ior distr ibut ion ??     Þgure of m er it ??

The Arena:
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Cramer - Rao  ->

Holevo ( Q CR )

van Trees ( B CR )

(Q) LLN, (Q) CLT

Taylor (propagat ion of e r rors; d-metho d)             
Q LAN

(Q) Stat ist ics

(Q) Probability

Analysis

The Tools:
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(not in th is t alk)
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Main theo rem (Gill, 2005) :

where

Asympt. quadrat ic BayesÕ r isk f or e stÕm of       w ith weig ht 
matr ix       an d pr ior         is no smaller than the p r ior mean 
pointw ise Holevo bound with weig ht matr ix                   , i .e. :

(Holevo bound)

R(N ) (π) = E! E"
(
ψ̂(N ) ! ψ(θ)

)!
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(
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lim inf
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N R(N ) (π) ≥ E! CG
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CG (θ) = inf traceG(θ)V

trace ∂
∂θi

ρ(θ)Xj = δij ,

trace ! (" )Xi Xj = Zij

s.a. !X, Z ; real V : V ≥ Z ,

G = ψ! !Gψ!"



Sket ch of p roof:  ...

(a math t alk w ithout a p roof is l ike a movie without a l ove scene)

(th is par t l ive on r eal bl ackboard)



Examples:

completely unknown mixed qubit Þdel ity l oss 
3D and 2D cases
(2D case insoluble without the se metho ds)

completely unknown pure qudit

ANY covar iant e xhaust ive povm + wise data processing 
is asympt ot ically opt imal, eg,

unifor m random independent 
von Neumann measurements + MLE o r Bayes

(th is par t l ive on r eal bl ackboard)



CONCLUSIONS:

wise combinat ion of c omplementary i deas 
fr om Bayesian and pointw ise approaches

is needed t o gain theo ret ical insight
and solve pract ical p roblems

My point of view:
I am a r abid pragmat ist

ie f anat ically opposed BOTH to rabid Bayesians 
AND to rabid fr equent ists

An oft en proÞtable approach is t o stu dy the fr equent ist p ropert ies 
of Bayesian metho ds,  in o rder t o tu ne pr iors and loss funct ions

t o at tain sensible fr equent ist p ropert ies


