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An algebraic triviality

)()|()|( ModelpModelDatapDataModelp ∝
A scientific research paradigm

A practical method for inverting causal knowledge to diagnostic tool.

)()|()|( CausepCauseEffectpEffectCausep ×∝
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Actions ai
(which experiment)

Outcomes
(e.g. dataset)

ai

…
Probabilities

P(oj|ai)

Utilities, costs

U(oj), C(ai)… …

Expected utilities

EU(ai) = � P(oj|ai)U(oj|ai)
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P1 … P3 KB s pKB P(query|evidence)

F F F F T .1

F F T T F .2

F T F F T .3

.01

.12

.35
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P( KB �i � = sentence � can be derived from KB by procedure i| pKB )

“Belief propagation in networks”
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Variables (nodes) 
Flu: present/absent
FeverAbove38C: present/absent

Assumptions: 

1, Two types of nodes: a cause and effects.

2, Effects are conditionally independent of each other given their cause.

FeverAbove38C: present/absent
Coughing: present/absent

Flu

Fever Coughing

P(Fever=present|Flu=present)=0.6
P(Fever=absent|Flu=present)=1-0.6
P(Fever=present|Flu=absent)=0.01
P(Fever=absent|Flu=absent)=1-0.01

P(Flu=present)=0.001
P(Flu=absent)=1-P(Flu=present)Model

P(Coughing=present|Flu=present)=0.3
P(Coughing=absent|Flu=present)=1-0.7
P(Coughing=present|Flu=absent)=0.02
P(Coughing=absent|Flu=absent)=1-0.02



Decomposition of the joint:
P(Y,X1,..,Xn) = P(Y)�iP(Xi,|Y, X1,..,Xi-1) //by the chain rule

= P(Y)�iP(Xi,|Y) // by the N-BN assumption
2n+1 parameteres!

Diagnostic inference:
P(Y|xi1,..,xik) = P(Y)�jP(xij,|Y) / P(xi1,..,xik)

If Y is binary, then the oddsIf Y is binary, then the odds
P(Y=1|xi1,..,xik) / P(Y=0|xi1,..,xik)  = P(Y=1)/P(Y=0) �j P(xij,|Y=1) / P(xij,|Y=0)

Flu

Fever Coughing

)|()|()(
),|(

presentFlupresentCoughingppresentFluabsentFeverppresentFlup

presentCoughingabsentFeverpresentFlup

=====∝
===



Smoking

Lung cancer

¬¬¬¬���� ����

¬E& �+¬�( ¬E&, �+�(�¬E&, �+¬E&,

E& �+¬�(�E&, �+�(�E&, �+E&,

�+¬�, �+�,Probability:
P(LC)
Conditional probabilities (e.g., probability of LC given S): 
P(LC| ¬S)= ??? P(LC| S)= ??? P(LC)
Odds:
[0,1] �[0,�]: Odds(p)=p/(1-p)
O(LC| ¬S)= ??? O(LC| S)
Odds Ratio (OR) Independent of prevalence!
OR(LC,S)=O(LC| S)/O(LC| ¬S)
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Smoking

Lung cancer

Smoking

Lung cancer

?

¬¬¬¬���� ����

¬E& B U -V

E& - W V

X -- J)Independence: 
null modell (H0)

¬¬¬¬���� ����

¬E& �W �KV �UV

Contingency table with marginals

¬E& �W �KV �UV

E& �)V �J �JV

�WV �VVConditional probabilities: 
P(LC| ¬S)=.11 ??? P(LC| S)=.36 ??? P(LC)=.25
Odds:
[0,1] �[0,�]: Odds(p)=p/(1-p)
O(LC| ¬S)=.12 ??? O(LC| S)=.56
Odds Ratio (OR):
OR(LC,S)=O(LC| S)/O(LC| ¬S)=4.6



http://redmine.genagrid.eu/projects/bayescubedownload/wiki/Wiki
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