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Pero.. ¿Cuál es el problema?

Curse of dimensionality

Blessing of abstraction

p(✓|y) / p(y|✓)p(✓)
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Exact Inference by Complete
Enumeration

We open our toolbox of methods for handling probabilities by discussing a
brute-force inference method: complete enumeration of all hypotheses, and
evaluation of their probabilities. This approach is an exact method, and the
difficulty of carrying it out will motivate the smarter exact and approximate
methods introduced in the following chapters.

21.1 The burglar alarm

Bayesian probability theory is sometimes called ‘common sense, amplified’.
When thinking about the following questions, please ask your common sense
what it thinks the answers are; we will then see how Bayesian methods confirm
your everyday intuition.

❥Earthquake

❅❅❘

❥Burglar

##✠❥Alarm
##✠❥

Radio ❅❅❘ ❥
Phonecall

Figure 21.1. Belief network for the
burglar alarm problem.

Example 21.1. Fred lives in Los Angeles and commutes 60 miles to work.
Whilst at work, he receives a phone-call from his neighbour saying that
Fred’s burglar alarm is ringing. What is the probability that there was
a burglar in his house today? While driving home to investigate, Fred
hears on the radio that there was a small earthquake that day near his
home. ‘Oh’, he says, feeling relieved, ‘it was probably the earthquake
that set off the alarm’. What is the probability that there was a burglar
in his house? (After Pearl, 1988).

Let’s introduce variables b (a burglar was present in Fred’s house today),
a (the alarm is ringing), p (Fred receives a phonecall from the neighbour re-
porting the alarm), e (a small earthquake took place today near Fred’s house),
and r (the radio report of earthquake is heard by Fred). The probability of
all these variables might factorize as follows:

P (b, e, a, p, r) = P (b)P (e)P (a | b, e)P (p | a)P (r | e), (21.1)

and plausible values for the probabilities are:

1. Burglar probability:

P (b=1) = β, P (b=0) = 1 − β, (21.2)

e.g., β = 0.001 gives a mean burglary rate of once every three years.

2. Earthquake probability:

P (e=1) = ϵ, P (e=0) = 1 − ϵ, (21.3)
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Inferencia Exacta

P (b, e, a, p, r) = P (r|p, a, e, b)P (p|a, e, b)P (a|e, b)P (e|b)P (b)

P (b, e, a, p, r) = P (r|e)P (p|a)P (a|e, b)P (e)P (b)
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Modelos Jerárquicos

Limitaciones: 
-Si tiramos 25 veces la moneda y sale 25 veces cara.. raro 
...Pero con el prior de 100 y 100 que usamos obtenemos:                           
                                                                  ¡no tan raro! p(0|25, 25) = 125/225 � 0.56



Modelo
likelihood:

prior:
✓ ⇠ Uniform(0, 1) = Beta(1, 1)

✓ ⇠ Beta(100, 100)

✓ n

k

p(k|�) =
✓

n

k

◆
�k(1� �)n�k

k ⇠ Binomial(�, n)

posterior:
p(✓|D) = Beta(k + 1, n� k + 1)

p(✓|D) = Beta(k + 100, n� k + 100)



prior débil: 
poco razonable

prior fuerte: 
¡poco flexible!

Beta(1, 1) Beta(100, 100)

cargada?

✓

d1 d2 d3 d4

Hipótesis de más alto nivel: overhypothesis, o teoría

Modelos Jerárquicos



k ⇠ Binomial(�, n)

Modelo jerárquico

✓

d1 d2 d3 d4
p(cargada) = 0.01

p(�|no cargada) = Beta(100, 100)

p(�|cargada) = Beta(1, 1)

cargada?

La información de los datos se “propaga” hacia arriba

Hacemos inferencia sobre la teoría... p(cargada|25 caras)



p(cargada|25 caras)

p(no cargada|25 caras)

=

p(25 caras|cargada)
p(25 caras|no cargada)

p(cargada)

p(no cargada)

p(25 caras|cargada) =
Z

p(25 caras|�)p(�|cargada)d�

p(cargada|25 caras)

p(no cargada|25 caras)

⇥ 0.038

1.14� 10

�7

0.01

0.99
⇥ 3367



...No es lo mismo ver 200 tiradas de una moneda que 20 de 10 
distintas...

d1 d2 d3 d4 d1 d2 d3 d4 d1 d2 d3 d4

moneda 1 moneda 2 moneda m

�,⇥

· · ·

⇤i ⇠ Beta(�,⇥)

✓1 ✓2 ✓m

Inferencia sobre los hiperparámetros.. 
caracterizan la población de monedas

conocimiento 
físico



Nos pueden interesar tanto los parámetros como los 
hiperparámetros para la posterior, y tanto los parámetros 

como los datos para la predicción

Modelos jerárquicos

� ! hiperparámetros

✓ ! parámetros

y ! datos

p(⇥, �) ! prior conjunto

p(⇥, �|y) � posterior conjunto

�

✓

y

p(✓|�)

p(y|✓)

p(�)

p(⇥, �|y) � p(y|�)p(�|⇥)p(⇥)
Bayes:

p(✓|�, y) 6= p(✓|�)



p(l = 1|v = 1) =
p(v = 1|l = 1)p(l = 1)

p(v = 1)
=

P
a p(v = 1|a)p(a|l = 1)p(l = 1)P

l[
P

a p(v = 1|a)p(a|l)p(l)]

Implementando inferencia exacta

vecino

alarma

ladrón p(l = 1) = 0.001

p(a = 1|l = 1) = 0.99

p(a = 1|l = 0) = 0.05

p(v = 1|a = 1) = 0.85

p(v = 1|a = 0) = 0.02

p(l = 1|v = 1) =?

p(l = 1|v = 1) =
p(v = 1|l = 1)p(l = 1)

p(v = 1)



Implementando inferencia exacta

vecino

alarma

ladrón def p_vecino_ladron(v,l):
if l==1:

if v==1:
…

def p_ladron_vecino(v,l):
numerador = sum(…)
denominador = sum(…)
…

p(a = 1|l = 1) = 0.99

p(l = 1|v = 1) =

P
a p(v = 1|a)p(a|l = 1)p(l = 1)P

l[
P

a p(v = 1|a)p(a|l)p(l)]

p(l = 1|v = 1) = 0.019



Noisy-OR

alarma

ladrón
p(a = 1|l = 1) = 0.99

p(a = 1|l = 0) = 0.05

0.05
0.99

¡Pueden suceder las dos!
Causa “base”

p(a = 0|l = 1) = (1� 0.05) ⇤ (1� 0.99)

p(a = 1|l = 1) = 1� (1� 0.05) ⇤ (1� 0.99)

p(a = 1|l = 1) = 0.9905

p(X = 1|Padre1, . . . , Padren) = 1�
Y

i

fallai
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0.2

Usar un lenguaje “común”!!!.. y, luego, WebPPL

Práctica - ¡para entregar! 
 Implementar inferencia exacta
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Implementar el modelo usando Noisy-ORs 
para codificar las probabilidades. 

Escribir cuidadosamente las probabilidades 
de cada nivel en función del nivel anterior.  

Inferir las probabilidades de TB y cáncer 
dado que los tres síntomas están presentes. 

¿Dónde entran los priors?


