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Lecture 1: Aspects of probability theory
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Introduction: why proper statistics matter
An historical example: the Gibbs paradox

ÅDƛōōǎΩǎcanonical ensemble and grand
canonical ensembles, derived from the

maximumentropy principle,

of real
physicalsystems.

ÅThepredictedentropiesarealwayslargerthan
the observed onesΧ there must exist

:

ÅDiscretenessof energy levels: radiation: Planck
(1900), solids: Einstein (1907), Debye (1912),
Ising(1925), individualatoms: Bohr(1913)Χ

ÅΧQuantummechanics: Heisenberg,Schrödinger
(1927)
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J. Willard Gibbs (1839-1903)



*ÁÙÎÅÓȭÓ ȰÐÒÏÂÁÂÉÌÉÔÙ ÔÈÅÏÒÙȱȡ
an extension of ordinary logic
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Reminders

ÅA tribute to my PhD supervisor (Benjamin Wandelt):

.ŜƴΩǎ ǎǳƳƳŀǊȅ ƻŦ .ŀȅŜǎƛŀƴ ǎǘŀǘƛǎǘƛŎǎΥ

ÅProduct rule:

ÅSum rule:

Å.ŀȅŜǎΩǎ ŦƻǊƳǳƭŀΥ

ÅBayesian model comparison:
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priorlikelihood
posterior

evidence
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Structures in the cosmic web

FL, Jasche & Wandelt 2015a, arXiv:1502.02690



A decision rule for structure classification

Å{ǇŀŎŜ ƻŦ άƛƴǇǳǘ ŦŜŀǘǳǊŜǎέΥ

Å{ǇŀŎŜ ƻŦ άŀŎǘƛƻƴǎέΥ

ÅA problem of :
one should take the action that maximizes the utility

ÅHow to write down the gain functions?

6FL, Jasche & Wandelt 2015b, arXiv:1503.00730



ÅOne proposal:

ÅWithout data, the expected utility is

Å²ƛǘƘ            Σ ƛǘΩǎ ŀ fair game always play

ά έ ƻŦ ǘƘŜ [{{

ÅValues             represent an aversion for risk 

ƛƴŎǊŜŀǎƛƴƎƭȅ άέ ƻŦ ǘƘŜ [{{

Gambling with the Universe
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ά²ƛƴƴƛƴƎέ

ά[ƻǎƛƴƎέ

άbƻǘ ǇƭŀȅƛƴƎέ

άtƭŀȅƛƴƎ ǘƘŜ ƎŀƳŜέ

άbƻǘ ǇƭŀȅƛƴƎ ǘƘŜ ƎŀƳŜέ

voids
sheets
filaments
clusters

1.74

7.08

3.83

41.67
(T-web, redshift zero)

FL, Jasche & Wandelt 2015b, arXiv:1503.00730



0ÌÁÙÉÎÇ ÔÈÅ ÇÁÍÅȣ
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sheets

filaments

clusters

undecided

FL, Jasche & Wandelt 2015b, arXiv:1503.00730




