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Different	Statistical	Questions

The	Frequentist likelihood	and	the	Bayesian	posterior	ask	two	different	
statistical	questions	of	the	data:

Regions	of	high	
quality	of	fit

Given	the	
prior	and	the	
data,	extract	
the	pdf	of	the	
parameters.



The	notion	of	probability	- Frequentist

• If the	number	of	trials	approaches	infinity, the	relative	frequency	will	
converge exactly to	the	true	probability.

• Repeatabilityof	an	experiment	is	the	key	concept.	

The number of trials where the event X occurred

The total number of trials

• The	Maximum	Likelihood	Estimator:



The	notion	of	probability	- Bayesian

Posterior 

Marginal likelihood 

Prior
Likelihood function

It is a direct consequence of 
the Bayes theorem : 

• Bayes	theorem	relates	the	posteriorprobability	(what	we	know	about	
the	parameter	after	seeing	the	data)	to	the	likelihood (derived	from	
a statistical	model for	the	observed	data) and	the	prior (what	we	knew	
about	the	parameter	before	we	saw	the	data).

• A general	rule	to	update	our	knowledge	from	the	prior to	the posterior.	



A Simple	Problem:	Photon	Counts
• Imagine	that	we	observe	the	
light	coming	from	a	single	star.	
We assume	that	the	star’s	true	
flux	is	constantwith	time.

• Given	the measurements	and	
errors,	what	is	the	best	
estimate	of	the	true	flux?

• we use	Python	to	generate	
some	toy	data ( Poisson	
distribution)



Frequentist Approach	to	Simple	Photon	Counts
• The	probability	distribution	of	the	measurement：

• construct	the likelihood	functionby	computing	the	product	of	the	
probabilities	for	each	data	point:

• The	best	estimate：



Bayesian	Approach	to	Simple	Photon	Counts
• The	posteriorprobability	：

• Themodel	prior: a standard	choice	is	to	take	a	uniform	prior.

• The	Bayesian	probability	is	maximized	at	precisely	the	same	value	as	the	
frequentist result! In	the	case	of	a	Gaussian	

likelihood	and	uniform	prior,	
the	posterior	pdfand	the	
profile	likelihood	are	
identical	and	thus	the	

question	of	which	to	choose	
does	not	arise.	



Bayesian	Approach	to	Simple	Photon	Counts

• The	posteriorprobability	：



The	Bayesian	Billiard	Game

• Alice	and	Bob	can’t	see	the	billiard	table.
• Carol	rolls	a	ball	down	the	table,	and	marks	where	it	lands.	Once	this	
mark	is	in	place,	Carol	begins	rolling	new	balls	down	the	table.	

• If	the	ball	lands	to	the	left	of	the	mark,	Alice	gets	a	point;	if	it	lands	to	
the	right	of	the	mark,	Bob	gets	a	point.

• The	first	person	to	reach six	pointswins	the	game.
• Now	say	that	Alice	is	leading	with	5	points	and	Bob	has	3	points.	
What	can	be	said	about	the	chances	of	Bob	to	win	the	game?



Frequentist (naive) Approach	to	The	Billiard	Game
• Five	balls	out	of	eight	fell	on	Alice's	side	of	the	marker
• Maximum	likelihood	estimate	of p	that	any	given	roll	lands	in	Alice's	
favor.

• Assuming	this	maximum	likelihood	probability,	we	can	compute	the	
probability	that	Bob	will	win,	which	is	given	by:

Frequentist Probability	of	Bob	Winning:	0.05



Bayesian	Approach	to	The	Billiard	Game

• The	posteriorprobability	：

PosteriorProbability	of	Bob	Winning:	0.09	?!

Uniform	Prior



Monte	Carlo	Approach	to	The	Billiard	Game

• Use	aMonte	Carlo	simulation	to	determine	the	correct	answer.

The correct Probability	of	Bob	Winning:	0.09!
Bayesian	win!!!





Conclusions

• The Bayesian vs Frequentist debate has a long history and the battle
is still going on

• People oftenmake statements claiming one to be better than other
• In our opinion, it is not accurate to say that one is inherently superior
to other

• Both approaches can give poor results if not done carefully
• However, frompractical point of view, Bayesian seems to better
suited to handle “dirty” data

• Situation similar to classical numerical integration techniques vs
Monte Carlo integration techniques



Open questions

• How to knowwhen to use one approach or the other?
• What defines a good prior?
• Is there another approach (the third one) can resolve this case?
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Thank	you	!


