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In a nutshell

• We develop a categorical approach to Bayesian 
probability theory. 

• Our methodology is driven by programming language 
semantics. 

• It offers a principled, compositional way of performing   
the fundamental Bayesian reasoning tasks, such as 
inference and learning.
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Inference questions

What is the a priori probability of a positive test?

P(t)

What is the probability of a positive test given the symptoms?

P(t | s)
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Toolbox

Predicate p : X → [0,1] Observation,  
(fuzzy) event

𝜔 ∈ 𝒟(X)State State of affairs

Conditioning 𝜔|p  ∈ 𝒟(X) Revision due to 
an observation

Channel f : X → 𝒟(Y) Change of base/ 
message passing
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These notions make sense in other categories as well.  
 

Continuous case: 𝗄𝗅(𝓖) 
states are probability measures, predicates are 

measurable functions to [0,1]. 
 

Quantum case: 𝕧ℕ𝔸op 
states are…quantum states, predicates are effects.
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We interpret a Bayesian network as an arrow of 𝗄𝗅(𝓓).
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D
<latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit><latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit><latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit><latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit>

S
<latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit><latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit><latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit><latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit>T

<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>
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We interpret a Bayesian network as an arrow of 𝗄𝗅(𝓓).



Both Bayesian networks and our toolbox live in 𝗄𝗅(𝓓). 
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Bayesian Inference in Kleisli

We shall now compute the two inference questions in 𝗄𝗅(𝓓).

genetic 
heredity

environm. 
factors

disease

positive 
test symptoms Inference questions

What is the a priori 
probability of a positive test?

What is the probability of a 
positive test given the symptoms?

The calculation will have a `dynamical’ flavour:

positive 
test
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Bayesian Inference in Kleisli

We shall now compute the two inference questions in 𝗄𝗅(𝓓).

genetic 
heredity

environm. 
factors

disease

positive 
test symptoms Inference questions

What is the a priori 
probability of a positive test?

The calculation will have a `dynamical’ flavour:

|PosTest
positive 

test

State



Inference question I What is the a priori probability of a positive test?

1.Consider state 𝐺⨂𝐸 ∈ 𝒟(2𝐺⨂2𝐸)

4.Answer is the conditioned state (𝑇>>𝐷>>(𝐺⨂𝐸))PosTest ∈ 𝒟(2𝑇)

3.Consider the predicate PosTest: 2𝑇 → [0,1]  

t⊥ ⟼ 0
t ⟼ 1
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2.Use channel 𝑇 and 𝐷 as state transformers
𝑇>>𝐷>>(𝐺⨂𝐸) ∈ 𝒟(2𝑇)

2
PosTest

𝑇>>𝐷>>(𝐺⨂𝐸)

Bayesian Inference in Kleisli
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We shall now compute the two inference questions in 𝗄𝗅(𝓓).

positive 
test symptoms Inference questions

What is the a priori 
probability of a positive test?

What is the probability of a 
positive test given the symptoms?

The calculation will have a `dynamical’ flavour:

positive 
test

Bayesian Inference in Kleisli

environm. 
factors

disease

genetic 
heredity
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We shall now compute the two inference questions in 𝗄𝗅(𝓓).

positive 
test symptoms Inference questions

What is the probability of a 
positive test given the symptoms?

The calculation will have a `dynamical’ flavour:
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We shall now compute the two inference questions in 𝗄𝗅(𝓓).
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We shall now compute the two inference questions in 𝗄𝗅(𝓓).

positive 
test symptoms Inference questions

What is the probability of a 
positive test given the symptoms?

The calculation will have a `dynamical’ flavour:

positive 
test

Bayesian Inference in Kleisli

environm. 
factors

disease

genetic 
heredity

State|ObSy



Both Bayesian networks and our toolbox live in 𝗄𝗅(𝓓). 

 9

We shall now compute the two inference questions in 𝗄𝗅(𝓓).

positive 
test symptoms Inference questions

What is the probability of a 
positive test given the symptoms?

The calculation will have a `dynamical’ flavour:

positive 
test

Bayesian Inference in Kleisli

environm. 
factors

disease

|PosTest

genetic 
heredity

State|ObSy



Inference question II
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2.Predicate transformation 𝑆<< ObSy : 2𝐷 → [0,1] 

What is the probability of a positive test given the symptoms?

1.Predicate ObSy: 2𝑆 → [0,1]  2
ObSy

3.Conditioning (𝐷>>(𝐺⨂𝐸))𝑆<< ObSy  ∈ 𝒟(2𝐷)   

4.State transformation 𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)  ∈ 𝒟(2𝑇) 

5.Answer is the conditioned state (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))PosTest ∈ 𝒟(2𝑇)    

2
PosTest

𝑆<< ObSy(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy

s⊥ ⟼ 0
s ⟼ 1

𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)

Bayesian Inference in Kleisli



Inference question II
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What is the probability of a positive test given the symptoms?

2

𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)

1.Predicate ObSy: 2𝑆 → [0,1]  
ObSy

2
PosTest

(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy

s⊥ ⟼ 0
s ⟼ 1

Bayesian Inference in Kleisli

2.Predicate transformation 𝑆<< ObSy : 2𝐷 → [0,1] 

3.Conditioning (𝐷>>(𝐺⨂𝐸))𝑆<< ObSy  ∈ 𝒟(2𝐷)   

4.State transformation 𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)  ∈ 𝒟(2𝑇) 

5.Answer is the conditioned state (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))PosTest ∈ 𝒟(2𝑇)    

𝑆<< ObSy



Inference question II
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What is the probability of a positive test given the symptoms?

2

𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)

1.Predicate ObSy: 2𝑆 → [0,1]  
ObSy

2
PosTest

(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy

s⊥ ⟼ 0
s ⟼ 1

that doctor I is 
70% sure the 

patient manifests 
the symptoms 
and doctor II is 
50% sure he 

doesn't?

Bayesian Inference in Kleisli
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3.Conditioning (𝐷>>(𝐺⨂𝐸))𝑆<< ObSy  ∈ 𝒟(2𝐷)   

4.State transformation 𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)  ∈ 𝒟(2𝑇) 

5.Answer is the conditioned state (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))PosTest ∈ 𝒟(2𝑇)    

𝑆<< ObSy



Inference question II
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What is the probability of a positive test given the symptoms?

2

𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)

1.Predicate ObSy: 2𝑆 → [0,1]  
ObSy

2
PosTest

(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy

s⊥ ⟼ 0
s ⟼ 1

that doctor I is 
70% sure the 

patient manifests 
the symptoms 
and doctor II is 
50% sure he 

doesn't?

s⊥ ⟼ 0.5
s ⟼ 0.7

Bayesian Inference in Kleisli

2.Predicate transformation 𝑆<< ObSy : 2𝐷 → [0,1] 

3.Conditioning (𝐷>>(𝐺⨂𝐸))𝑆<< ObSy  ∈ 𝒟(2𝐷)   

4.State transformation 𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy)  ∈ 𝒟(2𝑇) 

5.Answer is the conditioned state (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))PosTest ∈ 𝒟(2𝑇)    

𝑆<< ObSy
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The two questions show that siblings can influence each others.

Influence
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genetic 
heredity

environm. 
factors

disease

positive 
test symptoms

The two questions show that siblings can influence each others.

𝑇>>𝐷>>(𝐺⨂𝐸)  ObSy

 (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))
≠

Influence

State



Blocking Influence
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But this influence can be blocked. The channel language 
is able to express and formally prove it.

genetic 
heredity

environm. 
factors

disease

positive 
test symptoms

ObSyState𝑇>>𝐷>>(𝐺⨂𝐸)  

 (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))
≠



Blocking Influence

 13

But this influence can be blocked. The channel language 
is able to express and formally prove it.

genetic 
heredity

environm. 
factors

disease

positive 
test symptoms

ObSyState

ObDis

𝑇>>𝐷>>(𝐺⨂𝐸)  

 (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))
≠



Blocking Influence

 13

But this influence can be blocked. The channel language 
is able to express and formally prove it.

𝑇>>(𝐷>>(𝐺⨂𝐸))ObDis  
=  

 (𝑇>>((𝐷>>(𝐺⨂𝐸))ObDis)𝑆<< ObSy))

genetic 
heredity

environm. 
factors

disease

positive 
test symptoms

ObSyState

ObDis

𝑇>>𝐷>>(𝐺⨂𝐸)  

 (𝑇>>(𝐷>>(𝐺⨂𝐸))𝑆<< ObSy))
≠



Influence: overview

• More generally, the channel language allows to 
prove the three d-separation scenarios as 
formal statements.  
 

• Influence can be formally quantified, via a (total 
variation) distance between states.
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Back to inference
Predicate/state transformation in 𝗄𝗅(𝓓) offers a novel, 
dynamical style of performing Bayesian inference.
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In 𝗄𝗅(𝓓) we can reproduce also a more traditional 
account of Bayesian inference, in which belief revision 
is performed on the whole joint distribution.

�
<latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit>

2𝐷 2𝑇 2𝑆2𝐺 2𝐸
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�
<latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit>

2𝐷 2𝑇 2𝑆2𝐺 2𝐸

Answer: 
M4(𝜔|(Id ⨂ Id ⨂ Id ⨂ PosTest ⨂ Id))

Inference questions

What is the a priori 
probability of a positive test?

Answer: 
M4(𝜔|(Id ⨂ Id ⨂ Id ⨂ PosTest ⨂ ObSy))

What is the probability of a 
positive test given the symptoms?

Fourth marginal 
(positive test node)
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�
<latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit><latexit sha1_base64="GVLceZwu9L7kZ7gJWqoTbAuKZII=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHgKePEYwTwgWcLspDcZMzuzzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hodua3nlAbruSDHacYJnQgecwZtU5qdlWCA9orV/yqPwdZJUFOKpCj3it/dfuKZQlKywQ1phP4qQ0nVFvOBE5L3cxgStmIDrDjqKQJmnAyv3ZKzpzSJ7HSrqQlc/X3xIQmxoyTyHUm1A7NsjcT//M6mY2vwwmXaWZRssWiOBPEKjJ7nfS5RmbF2BHKNHe3EjakmjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fjcmPEw==</latexit>

G
<latexit sha1_base64="0QGr6j1zk9KQfsimyhu4okyWSu4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVPOixBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJmNjMM=</latexit><latexit sha1_base64="0QGr6j1zk9KQfsimyhu4okyWSu4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVPOixBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJmNjMM=</latexit><latexit sha1_base64="0QGr6j1zk9KQfsimyhu4okyWSu4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVPOixBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJmNjMM=</latexit><latexit sha1_base64="0QGr6j1zk9KQfsimyhu4okyWSu4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVPOixBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJmNjMM=</latexit>

E
<latexit sha1_base64="s3+UOl105M39k+JWmlkdrGePFcg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVRPDYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/loWMwQ==</latexit><latexit sha1_base64="s3+UOl105M39k+JWmlkdrGePFcg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVRPDYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/loWMwQ==</latexit><latexit sha1_base64="s3+UOl105M39k+JWmlkdrGePFcg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVRPDYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/loWMwQ==</latexit><latexit sha1_base64="s3+UOl105M39k+JWmlkdrGePFcg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVRPDYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/loWMwQ==</latexit>

D
<latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit><latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit><latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit><latexit sha1_base64="aPC/THzRiml2QZm26pjrSWv2is4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwV9OCxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJUBjMA=</latexit>

S
<latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit><latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit><latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit><latexit sha1_base64="l69TQPZ8/zxqaPvvuNh/EcT3Pv8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fq72Mzw==</latexit>T

<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

• It turns out the two styles of inference are provably 
equivalent.

• This can be made formally precise with 
disintegration: the process of factorising a given joint 
state into a Bayesian network.
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