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In [1]:





from pylab import *
import matplotlib.pyplot as plt
import os








Creating your first Bayesian network with pyAgrum

(This example is based on an OpenBayes [closed] website tutorial)

A Bayesian network (BN) is composed of random variables (nodes) and their conditional dependencies (arcs) which, together, form a directed acyclic graph (DAG). A conditional probability table (CPT) is associated with each node. It contains the conditional probability distribution of the node given its parents in the DAG:

[image: 43f7d8f69d83461fa2897477415ab7ba]

Such a BN allows to manipulate the joint probability \(P(C,S,R,W)\)   using this decomposition :


\[P(C,S,R,W)=\prod_X P(X | Parents_X) = P(C) \cdot P(S | C) \cdot P(R | C) \cdot P(W | S,R)\]

Imagine you want to create your first Bayesian network, say for example the ‘Water Sprinkler’ network. This is an easy example. All the nodes are Boolean (only 2 possible values). You can proceed as follows.


Import the pyAgrum package


In [2]:





import pyAgrum as gum









Create the network topology


Create the BN

The next line creates an empty BN network with a ‘name’ property.


In [3]:





bn=gum.BayesNet('WaterSprinkler')
print(bn)













BN{nodes: 0, arcs: 0, domainSize: 1, dim: 0, mem: 0o}








Create the variables

pyAgrum(aGrUM) provides 4 types of variables :


	LabelizedVariable


	RangeVariable


	IntegerVariable


	DiscretizedVariable




In this tutorial, we will use LabelizedVariable, which is a variable whose domain is a finite set of labels. The next line will create a variable named ‘c’, with 2 values and described as ‘cloudy?’, and it will add it to the BN. The value returned is the id of the node in the graphical structure (the DAG). pyAgrum actually distinguishes the random variable (here the labelizedVariable) from its node in the DAG: the latter is identified through a numeric id. Of course, pyAgrum provides functions
to get the id of a node given the corresponding variable and conversely.


In [4]:





c=bn.add(gum.LabelizedVariable('c','cloudy ?',2))
print(c)













0






You can go on adding nodes in the network this way. Let us use python to compact a little bit the code:


In [5]:





s, r, w = [ bn.add(name, 2) for name in "srw" ] #bn.add(name, 2) === bn.add(gum.LabelizedVariable(name, name, 2))
print (s,r,w)
print (bn)













1 2 3
BN{nodes: 4, arcs: 0, domainSize: 16, dim: 4, mem: 64o}








Create the arcs

Now we have to connect nodes, i.e., to add arcs linking the nodes. Remember that c and s are ids for nodes:


In [6]:





bn.addArc(c,s)







Once again, python can help us :


In [7]:





for link in [(c,r),(s,w),(r,w)]:
    bn.addArc(*link)
print(bn)













BN{nodes: 4, arcs: 4, domainSize: 16, dim: 9, mem: 144o}






pyAgrum provides tools to display bn in more user-frendly fashions. Notably, pyAgrum.lib is a set of tools written in pyAgrum to help using aGrUM in python. pyAgrum.lib.notebook adds dedicated functions for iPython notebook.


In [8]:





import pyAgrum.lib.notebook as gnb
bn








Out[8]:
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w


w





r


r





r->w








c
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c->r








s


s





c->s








s->w













Shorcuts with fastBN

The functions fast[model] encode the structure of the graphical model and the type of the variables in a concise language somehow derived from the dot language for graphs (see the doc for the underlying method : fastPrototype [https://pyagrum.readthedocs.io/en/latest/BNModel.html?highlight=fastPrototype#pyAgrum.BayesNet.fastPrototype]).


In [9]:





bn=gum.fastBN("c->r->w<-s<-c")
bn








Out[9]:
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Create the probability tables

Once the network topology is constructed, we must initialize the conditional probability tables (CPT) distributions. Each CPT is considered as a Potential object in pyAgrum. There are several ways to fill such an object.

To get the CPT of a variable, use the cpt method of your BayesNet instance with the variable’s id as parameter.

Now we are ready to fill in the parameters of each node in our network. There are several ways to add these parameters.


Low-level way


In [10]:





bn.cpt(c).fillWith([0.4,0.6]) # remember : c=  0








Out[10]:








      	c

	
      0	
      1

	0.4000	0.6000






Most of the methods using a node id will also work with name of the random variable.


In [11]:





bn.cpt("c").fillWith([0.5,0.5])








Out[11]:








      	c

	
      0	
      1

	0.5000	0.5000








Using the order of variables


In [12]:





bn.cpt("s").names








Out[12]:







('s', 'c')







In [13]:





bn.cpt("s")[:]=[ [0.5,0.5],[0.9,0.1]]







Then \(P(S | C=0)=[0.5,0.5]\) and \(P(S | C=1)=[0.9,0.1]\).


In [14]:





print(bn.cpt("s")[1])













[0.9 0.1]






The same process can be performed in several steps:


In [15]:





bn.cpt("s")[0,:]=0.5 # equivalent to [0.5,0.5]
bn.cpt("s")[1,:]=[0.9,0.1]








In [16]:





print(bn.cpt("w").names)
bn.cpt("w")













('w', 'r', 's')







Out[16]:







	
      	w
      

	s	r	
      0	
      1

	
            0	0	0.1595	0.8405

	1	0.5073	0.4927

	
            1	0	0.4252	0.5748

	1	0.1210	0.8790







In [17]:





bn.cpt("w")[0,0,:] = [1, 0] # r=0,s=0
bn.cpt("w")[0,1,:] = [0.1, 0.9] # r=0,s=1
bn.cpt("w")[1,0,:] = [0.1, 0.9] # r=1,s=0
bn.cpt("w")[1,1,:] = [0.01, 0.99] # r=1,s=1









Using a dictionnary

This is probably the most convenient way:


In [18]:





bn.cpt("w")[{'r': 0, 's': 0}] = [1, 0]
bn.cpt("w")[{'r': 0, 's': 1}] = [0.1, 0.9]
bn.cpt("w")[{'r': 1, 's': 0}] = [0.1, 0.9]
bn.cpt("w")[{'r': 1, 's': 1}] = [0.01, 0.99]
bn.cpt("w")








Out[18]:







	
      	w
      

	s	r	
      0	
      1

	
            0	0	1.0000	0.0000

	1	0.1000	0.9000

	
            1	0	0.1000	0.9000

	1	0.0100	0.9900






The use of dictionaries is a feature borrowed from OpenBayes. It facilitates the use and avoid common errors that happen when introducing data into the wrong places.


In [19]:





bn.cpt("r")[{'c':0}]=[0.8,0.2]
bn.cpt("r")[{'c':1}]=[0.2,0.8]










Input/output

Now our BN is complete. It can be saved in different format :


In [20]:





print(gum.availableBNExts())













bif|dsl|net|bifxml|o3prm|uai






We can save a BN using BIF format


In [21]:





gum.saveBN(bn,"out/WaterSprinkler.bif")








In [22]:





with open("out/WaterSprinkler.bif","r") as out:
    print(out.read())













network "unnamedBN" {
// written by aGrUM 1.4.1.9
}

variable c {
   type discrete[2] {0, 1};
}

variable r {
   type discrete[2] {0, 1};
}

variable w {
   type discrete[2] {0, 1};
}

variable s {
   type discrete[2] {0, 1};
}

probability (c) {
   default 0.5 0.5;
}
probability (r | c) {
   (0) 0.8 0.2;
   (1) 0.2 0.8;
}
probability (w | r, s) {
   (0, 0) 1 0;
   (1, 0) 0.1 0.9;
   (0, 1) 0.1 0.9;
   (1, 1) 0.01 0.99;
}
probability (s | c) {
   (0) 0.5 0.5;
   (1) 0.9 0.1;
}









In [23]:





bn2=gum.loadBN("out/WaterSprinkler.bif")







We can also save and load it in other formats


In [24]:





gum.saveBN(bn,"out/WaterSprinkler.net")
with open("out/WaterSprinkler.net","r") as out:
    print(out.read())
bn3=gum.loadBN("out/WaterSprinkler.net")














net {
  name = unnamedBN;
  software = "aGrUM 1.4.1.9";
  node_size = (50 50);
}

node c {
   states = (0 1 );
   label = "c";
   ID = "c";
}

node r {
   states = (0 1 );
   label = "r";
   ID = "r";
}

node w {
   states = (0 1 );
   label = "w";
   ID = "w";
}

node s {
   states = (0 1 );
   label = "s";
   ID = "s";
}

potential (c) {
   data = (  0.5 0.5);
}

potential ( r | c   ) {
   data =
   ((   0.8   0.2)   % c=0
   (   0.2   0.8));   % c=1
}

potential ( w | r   s   ) {
   data =
   (((   1   0)   % s=0   r=0
   (   0.1   0.9))   % s=1   r=0
   ((   0.1   0.9)   % s=0   r=1
   (   0.01   0.99)));   % s=1   r=1
}

potential ( s | c   ) {
   data =
   ((   0.5   0.5)   % c=0
   (   0.9   0.1));   % c=1
}
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In [1]:





%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt

import os








Initialisation


	importing pyAgrum


	importing pyAgrum.lib tools


	loading a BN





In [2]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb
gnb.configuration()












	Library	Version
	OS	nt [win32]
	Python	3.11.0 (main, Oct 24 2022, 18:26:48) [MSC v.1933 64 bit (AMD64)]
	IPython	8.6.0
	Matplotlib	3.6.2
	Numpy	1.23.4
	pyDot	1.4.2
	pyAgrum	1.4.1.9

Fri Nov 11 19:23:12 2022 Paris, Madrid





In [3]:





bn=gum.loadBN("res/alarm.dsl")
gnb.showBN(bn,size='9')












[image: ../_images/notebooks_02-Tutorial_Tutorial2_5_0.svg]





Visualisation and inspection


In [4]:





print(bn.variableFromName('SHUNT'))













SHUNT:Labelized({NORMAL|HIGH})







In [5]:





print(bn.cpt(bn.idFromName('SHUNT')))














             ||  SHUNT            |
PULMEM|INTUBA||NORMAL   |HIGH     |
------|------||---------|---------|
TRUE  |NORMAL|| 0.1000  | 0.9000  |
FALSE |NORMAL|| 0.9500  | 0.0500  |
TRUE  |ESOPHA|| 0.1000  | 0.9000  |
FALSE |ESOPHA|| 0.9500  | 0.0500  |
TRUE  |ONESID|| 0.0100  | 0.9900  |
FALSE |ONESID|| 0.0500  | 0.9500  |








In [6]:





gnb.showPotential(bn.cpt(bn.idFromName('SHUNT')),digits=3)












	
      	SHUNT
      
	INTUBATION	PULMEMBOLUS	
      NORMAL	
      HIGH
	
            NORMAL	TRUE	0.100	0.900
	FALSE	0.950	0.050
	
            ESOPHAGEAL	TRUE	0.100	0.900
	FALSE	0.950	0.050
	
            ONESIDED	TRUE	0.010	0.990
	FALSE	0.050	0.950







Results of inference

It is easy to look at result of inference


In [7]:





gnb.showPosterior(bn,{'SHUNT':'HIGH'},'PRESS')












[image: ../_images/notebooks_02-Tutorial_Tutorial2_11_0.svg]




In [8]:





gnb.showPosterior(bn,{'MINVOLSET':'NORMAL'},'VENTALV')












[image: ../_images/notebooks_02-Tutorial_Tutorial2_12_0.svg]



Overall results


In [9]:





gnb.showInference(bn,size="10")












[image: ../_images/notebooks_02-Tutorial_Tutorial2_14_0.svg]



What is the impact of observed variables (SHUNT and VENTALV for instance) on another on (PRESS) ?


In [10]:





ie=gum.LazyPropagation(bn)
ie.evidenceImpact('PRESS',['SHUNT','VENTALV'])








Out[10]:







	
      	PRESS
      

	SHUNT	VENTALV	
      ZERO	
      LOW	
      NORMAL	
      HIGH

	
            NORMAL	ZERO	0.0569	0.2669	0.2005	0.4757

	LOW	0.0208	0.2515	0.0553	0.6724

	NORMAL	0.0769	0.3267	0.1772	0.4192

	HIGH	0.0501	0.1633	0.2796	0.5071

	
            HIGH	ZERO	0.0589	0.2726	0.1997	0.4688

	LOW	0.0318	0.2237	0.0521	0.6924

	NORMAL	0.1735	0.5839	0.1402	0.1024

	HIGH	0.0711	0.2347	0.2533	0.4410








Using inference as a function

It is also easy to use inference as a routine in more complex procedures.


In [11]:





import time
r=range(0,100,2)
xs=[x/100.0 for x in r]

tf=time.time()
ys=[gum.getPosterior(bn,{'MINVOLSET':[0,x/100.0,0.5]},'VENTALV').tolist()
        for x in r]
delta=time.time()-tf

p=plot(xs,ys)
legend(p,[bn.variableFromName('VENTALV').label(i)
          for i in range(bn.variableFromName('VENTALV').domainSize())],loc=7);
title('VENTALV (100 inferences in %d ms)'%delta);
ylabel('posterior Probability');
xlabel('Evidence on MINVOLSET : [0,x,0.5]')
plt.show()












[image: ../_images/notebooks_02-Tutorial_Tutorial2_18_0.svg]



Another example : python gives access to a large set of tools. Here the value for the equality of two probabilities of a posterior is easely computed.


In [12]:





x=[p/100.0 for p in range(0,100)]

tf=time.time()
y=[gum.getPosterior(bn,{'HRBP':[1.0-p/100.0,1.0-p/100.0,p/100.0]},'TPR').tolist()
   for p in range(0,100)]
delta=time.time()-tf

p=plot(x,y)
title('HRBP (100 inferences in %d ms)'%delta);
v=bn.variableFromName('TPR');
legend([v.label(i) for i in range(v.domainSize())],loc='best');
np1=(transpose(y)[0]>transpose(y)[2]).argmin()
text(x[np1]-0.05,y[np1][0]+0.005,str(x[np1]),bbox=dict(facecolor='red', alpha=0.1))
plt.show()












[image: ../_images/notebooks_02-Tutorial_Tutorial2_20_0.svg]





BN as a classifier


Generation of databases

Using the CSV format for the database:


In [13]:





gum.generateSample(bn,1000,"out/test.csv",with_labels=True)








Out[13]:







-14945.197100314608







In [14]:





with open("out/test.csv","r") as src:
    for _ in range(10):
        print(src.readline(),end="")













PVSAT,CVP,LVFAILURE,TPR,EXPCO2,CO,ERRLOWOUTPUT,HRSAT,HYPOVOLEMIA,HRBP,BP,VENTLUNG,PCWP,DISCONNECT,CATECHOL,SHUNT,MINVOLSET,PRESS,PAP,HR,SAO2,VENTTUBE,PULMEMBOLUS,MINVOL,VENTMACH,INTUBATION,ANAPHYLAXIS,HISTORY,LVEDVOLUME,INSUFFANESTH,VENTALV,ARTCO2,HREKG,KINKEDTUBE,FIO2,ERRCAUTER,STROKEVOLUME
LOW,NORMAL,FALSE,HIGH,LOW,NORMAL,FALSE,LOW,FALSE,LOW,HIGH,ZERO,NORMAL,FALSE,HIGH,NORMAL,NORMAL,NORMAL,NORMAL,NORMAL,LOW,LOW,FALSE,ZERO,NORMAL,NORMAL,FALSE,FALSE,NORMAL,FALSE,ZERO,HIGH,NORMAL,FALSE,NORMAL,FALSE,NORMAL
LOW,NORMAL,FALSE,NORMAL,LOW,LOW,FALSE,HIGH,FALSE,HIGH,LOW,ZERO,NORMAL,FALSE,HIGH,NORMAL,NORMAL,NORMAL,NORMAL,HIGH,LOW,LOW,FALSE,ZERO,NORMAL,NORMAL,FALSE,FALSE,NORMAL,FALSE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,LOW
LOW,NORMAL,FALSE,LOW,LOW,HIGH,TRUE,NORMAL,FALSE,NORMAL,HIGH,ZERO,NORMAL,FALSE,HIGH,NORMAL,NORMAL,HIGH,NORMAL,HIGH,LOW,LOW,FALSE,ZERO,NORMAL,NORMAL,FALSE,FALSE,NORMAL,TRUE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,NORMAL
LOW,LOW,FALSE,HIGH,ZERO,NORMAL,FALSE,HIGH,FALSE,HIGH,HIGH,ZERO,LOW,TRUE,HIGH,HIGH,NORMAL,HIGH,NORMAL,HIGH,LOW,ZERO,FALSE,ZERO,NORMAL,ONESIDED,FALSE,FALSE,LOW,FALSE,NORMAL,LOW,HIGH,FALSE,NORMAL,FALSE,NORMAL
LOW,NORMAL,FALSE,NORMAL,LOW,HIGH,FALSE,HIGH,FALSE,HIGH,NORMAL,ZERO,NORMAL,FALSE,HIGH,NORMAL,NORMAL,HIGH,NORMAL,HIGH,LOW,LOW,FALSE,ZERO,NORMAL,NORMAL,FALSE,FALSE,NORMAL,FALSE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,NORMAL
HIGH,NORMAL,FALSE,HIGH,LOW,HIGH,FALSE,HIGH,FALSE,HIGH,HIGH,ZERO,NORMAL,FALSE,HIGH,NORMAL,NORMAL,LOW,LOW,HIGH,NORMAL,ZERO,FALSE,ZERO,ZERO,NORMAL,FALSE,FALSE,NORMAL,FALSE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,NORMAL
LOW,NORMAL,FALSE,NORMAL,LOW,HIGH,FALSE,HIGH,FALSE,HIGH,HIGH,ZERO,NORMAL,TRUE,HIGH,NORMAL,NORMAL,ZERO,NORMAL,HIGH,LOW,ZERO,FALSE,ZERO,NORMAL,NORMAL,FALSE,FALSE,NORMAL,TRUE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,NORMAL
LOW,HIGH,FALSE,HIGH,LOW,LOW,FALSE,HIGH,TRUE,HIGH,LOW,ZERO,HIGH,FALSE,HIGH,HIGH,NORMAL,NORMAL,NORMAL,HIGH,LOW,LOW,FALSE,ZERO,NORMAL,NORMAL,FALSE,FALSE,HIGH,FALSE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,LOW
LOW,HIGH,FALSE,LOW,LOW,LOW,FALSE,HIGH,TRUE,HIGH,LOW,ZERO,HIGH,TRUE,HIGH,NORMAL,NORMAL,ZERO,NORMAL,HIGH,LOW,ZERO,FALSE,ZERO,NORMAL,NORMAL,TRUE,FALSE,HIGH,FALSE,ZERO,HIGH,HIGH,FALSE,NORMAL,FALSE,LOW








probabilistic classifier using BN

(because of the use of from-bn-generated csv files, quite good ROC curves are expected)


In [15]:





from pyAgrum.lib.bn2roc import showROC_PR

showROC_PR(bn,"out/test.csv",
        target='CATECHOL',label='HIGH',  # class and label
        show_progress=True,show_fig=True,with_labels=True)













out/test.csv: 100%|███████████████████████████████████████████████████████████████████████████|











[image: ../_images/notebooks_02-Tutorial_Tutorial2_26_1.svg]




Out[15]:







(0.9723396758280479, 0.9300899828, 0.9984481852568516, 0.5708294528)






Using another class variable


In [16]:





showROC_PR(bn,"out/test.csv",'SAO2','HIGH',show_progress=True)













out/test.csv: 100%|███████████████████████████████████████████████████████████████████████████|











[image: ../_images/notebooks_02-Tutorial_Tutorial2_28_1.svg]




Out[16]:







(0.9802274270196877, 0.048531175, 0.8288904404289019, 0.09816538375)









Fast prototyping for BNs


In [17]:





bn1=gum.fastBN("a->b;a->c;b->c;c->d",3)

gnb.sideBySide(*[gnb.getInference(bn1,evs={'c':val},targets={'a','c','d'}) for val in range(3)],
              captions=[f"Inference given that $c={val}$" for val in range(3)])
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In this notebook, we will show different basic features for probabilistic inference on Bayesian networks using pyAgrum.

First we need some external modules:


In [1]:





import os

%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt








Basic inference and display

Then we import pyAgrum and the pyAgrum’s notebook module, that offers very usefull methods when writting a notebook.

This first example shows how you can load a BayesNet and show it as graph. Note that pyAgrum handles serveral BayesNet file format such as DSL, BIF and UAI.


In [2]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb
bn=gum.loadBN("res/alarm.dsl")
gnb.showBN(bn,size="9")












[image: ../_images/notebooks_41-Inference_graphicalInference_5_0.svg]



From there, it is easy to get a posterior using an inference engine :


In [3]:





ie=gum.LazyPropagation(bn)
ie.makeInference()
print(ie.posterior(bn.idFromName("CATECHOL")))














  CATECHOL         |
NORMAL   |HIGH     |
---------|---------|
 0.0512  | 0.9488  |







But since we are in notebook, why not use pyAgrum notebook’s methods ?


In [4]:





gnb.showPosterior(bn,evs={},target='CATECHOL')












[image: ../_images/notebooks_41-Inference_graphicalInference_9_0.svg]



You may also want to see the graph with some posteriors


In [5]:





# due to matplotlib, format is forced to png.
gnb.showInference(bn,evs={},targets={"VENTALV","CATECHOL","HR","MINVOLSET"},size="11")












[image: ../_images/notebooks_41-Inference_graphicalInference_11_0.svg]




In [6]:





gnb.showInference(bn,
                  evs={"CO":1,"VENTLUNG":1},
                  targets={"VENTALV",
                           "CATECHOL",
                           "HR",
                           "MINVOLSET",
                           "ANAPHYLAXIS",
                           "STROKEVOLUME",
                           "ERRLOWOUTPUT",
                           "HBR",
                           "PULMEMBOLUS",
                           "HISTORY",
                           "BP",
                           "PRESS",
                           "CO"},
                  size="10")












[image: ../_images/notebooks_41-Inference_graphicalInference_13_0.svg]



You can even compute all posteriors by leaving the targets parameter empty (which is its default value).


In [7]:





gnb.showInference(bn,evs={"CO":1,"VENTLUNG":1},size="14")












[image: ../_images/notebooks_41-Inference_graphicalInference_15_0.svg]





Showing the information graph

To have a global view of the knowledge brought by the inference, you can also draw the entropy of all nodes


In [8]:





import pyAgrum.lib.explain as explain
explain.showInformation(bn,{},size="14")
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Relevance reasoning is the analysis of the influence of evidence on a Bayesian network.

In this notebook we will explain what is relevance reasoning and how to do it using pyAgrum.


In [1]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb

import time
import os
%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt








Multiple inference

In the well known ‘alarm’ BN, how to analyze the influence on ‘VENTALV’ of a soft evidence on ‘MINVOLSET’ ?


In [2]:





bn=gum.loadBN("res/alarm.dsl")
gnb.showBN(bn,size="6")












[image: ../_images/notebooks_42-Inference_relevanceReasoning_5_0.svg]



We propose to draw the plot of the posterior of ‘VENTALV’ for the evidence :


\[\forall x \in [0,1], e_{MINVOLSET}=[0,x,0.5]\]

To do so, we perform a large number of inference and plot the posteriors.


In [3]:





K=1000
r=range(0,K)
xs=[x/K for x in r]

def getPlot(xs,ys,K,duration):
    p=plot(xs,ys)
    legend(p,[bn.variableFromName('VENTALV').label(i)
              for i in range(bn.variableFromName('VENTALV').domainSize())],loc=7);
    title('VENTALV ({} inferences in {:5.3} s)'.format(K,duration));
    ylabel('posterior Probability');
    xlabel('Evidence on MINVOLSET : [0,x,0.5]');









First try : classical lazy propagation


In [4]:





tf=time.time()
ys=[]
for x in r:
    ie=gum.LazyPropagation(bn)
    ie.setNumberOfThreads(1) # to be fair, we avoid multithreaded inference
    ie.addEvidence('MINVOLSET',[0,x/K,0.5])
    ie.makeInference()
    ys.append(ie.posterior('VENTALV').tolist())
delta1=time.time()-tf
getPlot(xs,ys,K,delta1)












[image: ../_images/notebooks_42-Inference_relevanceReasoning_9_0.svg]



The title of the figure above gives the time for those 1000 inference.



Second try : classical variable elimination

One can note that we just need one posterior. This is a case where VariableElimination should give better results.


In [5]:





tf=time.time()
ys=[]
for x in r:
    ie=gum.VariableElimination(bn)
    ie.addEvidence('MINVOLSET',[0,x/K,0.5])
    ie.makeInference()
    ys.append(ie.posterior('VENTALV').tolist())
delta2=time.time()-tf
getPlot(xs,ys,K,delta2)












[image: ../_images/notebooks_42-Inference_relevanceReasoning_11_0.svg]



pyAgrum give us a function gum.getPosterior to do this same job more easily.


In [6]:





tf=time.time()
ys=[gum.getPosterior(bn,{'MINVOLSET':[0,x/K,0.5]},'VENTALV').tolist()
        for x in r]
getPlot(xs,ys,K,time.time()-tf)












[image: ../_images/notebooks_42-Inference_relevanceReasoning_13_0.svg]





Last try : optimized Lazy propagation with relevance reasoning and incremental inference

Optimized inference in aGrUM can use the targets and the evidence to optimize the computations. This is called relevance reasonning.

Moreover, if the values of the evidence change but not the structure of the query (same nodes as target, same nodes as hard evidence, same nodes as soft evidence), inference in aGrUM may re-use some of the computations from a query to another. This is called incremental inference.


In [7]:





tf=time.time()
ie=gum.LazyPropagation(bn)
ie.setNumberOfThreads(1) # to be fair, we avoid multithreaded inference
ie.addEvidence('MINVOLSET',[1,1,1])
ie.addTarget('VENTALV')
ys=[]
for x in r:
    ie.chgEvidence('MINVOLSET',[0,x/K,0.5])
    ie.makeInference()
    ys.append(ie.posterior('VENTALV').tolist())
delta3=time.time()-tf
getPlot(xs,ys,K,delta3)












[image: ../_images/notebooks_42-Inference_relevanceReasoning_15_0.svg]




In [8]:





print("Mean duration of a lazy propagation            : {:5.3f}ms".format(1000*delta1/K))
print("Mean duration of a variable elimination        : {:5.3f}ms".format(1000*delta2/K))
print("Mean duration of an optimized lazy propagation : {:5.3f}ms".format(1000*delta3/K))













Mean duration of a lazy propagation            : 4.921ms
Mean duration of a variable elimination        : 0.565ms
Mean duration of an optimized lazy propagation : 0.457ms








How it works


In [9]:





bn=gum.fastBN("Y->X->T1;Z2->X;Z1->X;Z1->T1;Z1->Z3->T2")
ie=gum.LazyPropagation(bn)

gnb.flow.row(bn,bn.cpt("X"),gnb.getJunctionTree(bn),gnb.getJunctionTreeMap(bn,size="3!"),
             captions=["BN","potential","Junction Tree","The map"])
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Lazy Propagation uses a secondary structure called the “Junction Tree” to perform the inference.


In [1]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb

bn=gum.loadBN("res/alarm.dsl")
gnb.showJunctionTreeMap(bn);












[image: ../_images/notebooks_43-Inference_LazyPropagationAdvancedFeatures_3_0.svg]



But this junction tree can be transformed to build different probabilistic queries.


In [2]:





bn=gum.fastBN("A->B->C->D;A->E->D;F->B;C->H")
ie=gum.LazyPropagation(bn)
bn








Out[2]:
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Evidence impact

Evidence Impact allows the user to analyze the effect of any variables on any other variables


In [3]:





ie.evidenceImpact("B",["A","H"])








Out[3]:







	
      	B
      

	A	H	
      0	
      1

	
            0	0	0.4631	0.5369

	1	0.5761	0.4239

	
            1	0	0.3879	0.6121

	1	0.4996	0.5004






Evidence impact is able to find the minimum set of variables which effectively conditions the analyzed variable


In [4]:





ie.evidenceImpact("E",["A","F","B","D"]) # {A,D,B} d-separates E and F








Out[4]:







	
      	E
      

	A	B	D	
      0	
      1

	
            0	
            0	0	0.1907	0.8093

	1	0.3157	0.6843

	
            1	0	0.1025	0.8975

	1	0.4230	0.5770

	
            1	
            0	0	0.2897	0.7103

	1	0.4440	0.5560

	
            1	0	0.1651	0.8349

	1	0.5592	0.4408







In [5]:





ie.evidenceImpact("E",["A","B","C","D","F"]) # {A,C,D} d-separates E and {B,F}








Out[5]:







	
      	E
      

	C	A	D	
      0	
      1

	
            0	
            0	0	0.3251	0.6749

	1	0.0133	0.9867

	
            1	0	0.4546	0.5454

	1	0.0229	0.9771

	
            1	
            0	0	0.0633	0.9367

	1	0.4591	0.5409

	
            1	0	0.1047	0.8953

	1	0.5950	0.4050








Evidence Joint Imapct


In [6]:





ie.evidenceJointImpact(["A","F"],["B","C","D","E","H"]) # {B,E} d-separates [A,F] and [C,D,H]








Out[6]:







	
      	A
      

	E	B	F	
      0	
      1

	
            0	
            0	0	0.0977	0.3931

	1	0.0170	0.4922

	
            1	0	0.0173	0.5420

	1	0.0696	0.3711

	
            1	
            0	0	0.1561	0.3627

	1	0.0272	0.4541

	
            1	0	0.0282	0.5096

	1	0.1133	0.3489







In [ ]:
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There are several approximate inference for BN in aGrUM (pyAgrum). They share the same API than exact inference. - Loopy Belief Propagation : LBP is an approximate inference that uses exact calculous methods (when the BN os a tree) even if the BN is not a tree. LBP is a special case of inference : the algorithm may not converge and even if it converges, it may converge to anything (but the exact posterior). LBP however is fast and usually gives not so bad results. - Sampling inference : Sampling
inference use sampling to compute the posterior. The sampling may be (very) slow but those algorithms converge to the exac distribution. aGrUM implements : - Montecarlo sampling, - Weighted sampling, - Importance sampling, - Gibbs sampling. - Finally, aGrUM propose the so-called ‘loopy version’ of the sampling algorithms : the idea is to use LBP as a Dirichlet prior for the sampling algorithm. A loopy version of each sampling algorithm is proposed.


In [1]:





import os

%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt

def unsharpen(bn):
  """
  Force the parameters of the BN not to be a bit more far from 0 or 1
  """
  for nod in bn.nodes():
    bn.cpt(nod).translate(bn.maxParam() / 10).normalizeAsCPT()

def compareInference(ie,ie2,ax=None):
    """
    compare 2 inference by plotting all the points from (posterior(ie),posterior(ie2))
    """
    exact=[]
    appro=[]
    errmax=0
    for node in bn.nodes():
        # potentials as list
        exact+=ie.posterior(node).tolist()
        appro+=ie2.posterior(node).tolist()
        errmax=max(errmax,
                   (ie.posterior(node)-ie2.posterior(node)).abs().max())

    if errmax<1e-10: errmax=0
    if ax==None:
        ax=plt.gca() # default axis for plt

    ax.plot(exact,appro,'ro')
    ax.set_title("{} vs {}\n {}\nMax error {:2.4} in {:2.4} seconds".format(
        str(type(ie)).split(".")[2].split("_")[0][0:-2], # name of first inference
        str(type(ie2)).split(".")[2].split("_")[0][0:-2], # name of second inference
        ie2.messageApproximationScheme(),
        errmax,
        ie2.currentTime())
                )








In [2]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb
bn=gum.loadBN("res/alarm.dsl")
unsharpen(bn)

ie=gum.LazyPropagation(bn)
ie.makeInference()








In [3]:





gnb.showBN(bn,size='8')













[image: ../_images/notebooks_44-Inference_ApproximateInference_5_0.svg]




First, an exact inference.


In [4]:





gnb.sideBySide(gnb.getJunctionTreeMap(bn),gnb.getInference(bn,size="8")) # using LazyPropagation by default
print(ie.posterior("KINKEDTUBE"))
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SHUNT->SAO2








VENTTUBE->VENTLUNG








VENTTUBE->PRESS








VENTLUNG->MINVOL








VENTLUNG->VENTALV








EXPCO2

 
  
   
    
    2022-11-11T20:43:01.990740
    image/svg+xml
    
     
      Matplotlib v3.6.2, https://matplotlib.org/
     
    
   
  
 
 
  
 
 
  
   
  
  
   
    
   
   
    
   
   
    
   
   
    
   
   
    
   
   
    
     
      
     
     
      
       
      
      
       
      
     
    
    
     
      
     
     
      
       
      
     
    
    
     
      
     
     
      
       
      
     
    
   
   
    
     
      
       
      
      
       
      
     
     
      
      
       
        
        
        
       
       
       
       
       
      
     
    
    
     
      
       
      
     
     
      
      
       
        
        
        
        
        
        
       
       
       
       
       
       
       
      
     
    
    
     
      
       
      
     
     
      
      
       
        
       
       
       
       
      
     
    
    
     
      
       
      
     
     
      
      
       
        
        
       
       
       
       
       
      
     
    
   
   
    
   
   
    
   
   
    
   
   
    
   
   
    
    
     
      
      
      
      
      
      
     
     
     
     
     
     
     
    
   
   
    
    
     
      
      
     
     
     
     
     
     
     
    
   
   
    
    
     
      
      
      
     
     
     
     
     
     
     
    
   
   
    
    
     
     
     
     
     
     
    
   
   
    
    
     
      
      
      
     
     
     
     
     
     
     
    
   
  
 
 
  
   
  
 





VENTLUNG->EXPCO2
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VENTALV->ARTCO2








VENTALV->PVSAT








ARTCO2->EXPCO2








ARTCO2->CATECHOL








PVSAT->SAO2








SAO2->CATECHOL
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CATECHOL->HR








HR->HRBP








HR->HRSAT








HR->CO








HR->HREKG








CO->BP





















  KINKEDTUBE       |
TRUE     |FALSE    |
---------|---------|
 0.1167  | 0.8833  |








Gibbs Inference




Gibbs inference with default parameters

Gibbs inference iterations can be stopped : - by the value of error (epsilon) - by the rate of change of epsilon (MinEpsilonRate) - by the number of iteration (MaxIteration) - by the duration of the algorithm (MaxTime)


In [5]:





ie2=gum.GibbsSampling(bn)
ie2.setEpsilon(1e-2)
gnb.showInference(bn,engine=ie2,size="8")
print(ie2.posterior("KINKEDTUBE"))
print(ie2.messageApproximationScheme())
compareInference(ie,ie2)












[image: ../_images/notebooks_44-Inference_ApproximateInference_9_0.svg]










  KINKEDTUBE       |
TRUE     |FALSE    |
---------|---------|
 0.1156  | 0.8844  |

stopped with rate=0.00673795











[image: ../_images/notebooks_44-Inference_ApproximateInference_9_2.svg]



With default parameters, this inference has been stopped by a low value of rate.



Changing parameters


In [6]:





ie2=gum.GibbsSampling(bn)
ie2.setMaxIter(1000)
ie2.setEpsilon(5e-3)
ie2.makeInference()

print(ie2.posterior(2))
print(ie2.messageApproximationScheme())














  INTUBATION                 |
NORMAL   |ESOPHAGEA|ONESIDED |
---------|---------|---------|
 0.8264  | 0.1136  | 0.0600  |

stopped with max iteration=1000







In [7]:





compareInference(ie,ie2)












[image: ../_images/notebooks_44-Inference_ApproximateInference_13_0.svg]




In [8]:





ie2=gum.GibbsSampling(bn)
ie2.setMaxTime(3)
ie2.makeInference()

print(ie2.posterior(2))
print(ie2.messageApproximationScheme())
compareInference(ie,ie2)














  INTUBATION                 |
NORMAL   |ESOPHAGEA|ONESIDED |
---------|---------|---------|
 0.9700  | 0.0033  | 0.0267  |

stopped with epsilon=0.201897











[image: ../_images/notebooks_44-Inference_ApproximateInference_14_1.svg]





Looking at the convergence


In [9]:





ie2=gum.GibbsSampling(bn)
ie2.setEpsilon(10**-1.8)
ie2.setBurnIn(300)
ie2.setPeriodSize(300)
ie2.setDrawnAtRandom(True)
gnb.animApproximationScheme(ie2)
ie2.makeInference()












[image: ../_images/notebooks_44-Inference_ApproximateInference_16_0.svg]




In [10]:





compareInference(ie,ie2)












[image: ../_images/notebooks_44-Inference_ApproximateInference_17_0.svg]




Importance Sampling


In [11]:





ie4=gum.ImportanceSampling(bn)
ie4.setEpsilon(10**-1.8)
ie4.setMaxTime(10) #10 seconds for inference
ie4.setPeriodSize(300)
ie4.makeInference()
compareInference(ie,ie4)












[image: ../_images/notebooks_44-Inference_ApproximateInference_19_0.svg]





Loopy Gibbs Sampling

Every sampling inference has a ‘hybrid’ version which consists in using a first loopy belief inference as a prior for the probability estimations by sampling.


In [12]:





ie3=gum.LoopyGibbsSampling(bn)

ie3.setEpsilon(10**-1.8)
ie3.setMaxTime(10) #10 seconds for inference
ie3.setPeriodSize(300)
ie3.makeInference()
compareInference(ie,ie3)













[image: ../_images/notebooks_44-Inference_ApproximateInference_21_0.svg]





Comparison of approximate inference

These computations may be a bit long


In [13]:





def compareAllInference(bn,evs={},epsilon=10**-1.6,epsilonRate=1e-8,maxTime=20):
    ies=[gum.LazyPropagation(bn),
         gum.LoopyBeliefPropagation(bn),
         gum.GibbsSampling(bn),
         gum.LoopyGibbsSampling(bn),
         gum.WeightedSampling(bn),
         gum.LoopyWeightedSampling(bn),
         gum.ImportanceSampling(bn),
         gum.LoopyImportanceSampling(bn)]

    # burn in for Gibbs samplings
    for i in [2,3]:
        ies[i].setBurnIn(300)
        ies[i].setDrawnAtRandom(True)

    for i in range(2,len(ies)):
        ies[i].setEpsilon(epsilon)
        ies[i].setMinEpsilonRate(epsilonRate)
        ies[i].setPeriodSize(300)
        ies[i].setMaxTime(maxTime)

    for i in range(len(ies)):
        ies[i].setEvidence(evs)
        ies[i].makeInference()

    fig, axes = plt.subplots(1,len(ies)-1,figsize=(35, 3),num='gpplot')
    for i in range(len(ies)-1):
        compareInference(ies[0],ies[i+1],axes[i])











Inference stopped by epsilon


In [14]:





compareAllInference(bn,epsilon=1e-1)












[image: ../_images/notebooks_44-Inference_ApproximateInference_25_0.svg]




In [15]:





compareAllInference(bn,epsilon=1e-2)












[image: ../_images/notebooks_44-Inference_ApproximateInference_26_0.svg]





inference stopped by time


In [16]:





compareAllInference(bn,maxTime=1,epsilon=1e-8)












[image: ../_images/notebooks_44-Inference_ApproximateInference_28_0.svg]




In [17]:





compareAllInference(bn,maxTime=2,epsilon=1e-8)












[image: ../_images/notebooks_44-Inference_ApproximateInference_29_0.svg]





Inference with Evidence


In [18]:





funny={'BP':1,'PCWP':2,'EXPCO2':0,'HISTORY':0}
compareAllInference(bn,maxTime=1,evs=funny,epsilon=1e-8)












[image: ../_images/notebooks_44-Inference_ApproximateInference_31_0.svg]




In [19]:





compareAllInference(bn,maxTime=4,evs=funny,epsilon=1e-8)












[image: ../_images/notebooks_44-Inference_ApproximateInference_32_0.svg]




In [20]:





compareAllInference(bn,maxTime=10,evs=funny,epsilon=1e-8)












[image: ../_images/notebooks_44-Inference_ApproximateInference_33_0.svg]
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Different sampling inference
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In [1]:





import os

%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt








In [2]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb

bn=gum.loadBN("res/Diabetes.bif")
#gnb.showBN(bn,size='8')
print(bn)













BN{nodes: 413, arcs: 602, domainSize: 10^406.108, dim: 429409, mem: 3Mo 530Ko 104o}







First, some helpers


In [3]:





import timeit

class Timer:
    def __enter__(self):
        self.start =  timeit.default_timer()
        return self

    def __exit__(self, *args):
        self.end = timeit.default_timer()
        self.duration = self.end - self.start








In [4]:





def execute(ie):
    with Timer() as t:
        ie.makeInference()
        for i in bn.nodes():
            a=ie.posterior(i)
    return "duration : {:3.3f}s".format(t.duration)

def vals(bn,ie):
    exact=[]
    appro=[]
    for node in bn.nodes():
        # potentials as numpy array
        exact+=ie.posterior(node).tolist()

    return exact









Exact inference.


In [5]:





import matplotlib_inline
matplotlib_inline.backend_inline.set_matplotlib_formats('png')

plt.rcParams["figure.figsize"] = [30,3]

def compareIE(bn,maxtime,epsilon,evs=None):
    ie=gum.LazyPropagation(bn)
    if evs is not None:
        ie.setEvidence(evs)
    x=vals(bn,ie)

    ie2=gum.GibbsSampling(bn)
    if evs is not None:
        ie2.setEvidence(evs)
    ie2.setMaxTime(maxtime)
    ie2.setEpsilon(epsilon)
    txt="Gibbs : "+execute(ie2)+"\n"+ie2.messageApproximationScheme()
    y=vals(bn,ie2)
    plt.subplot(181)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie3=gum.MonteCarloSampling(bn)
    if evs is not None:
        ie3.setEvidence(evs)
    ie3.setMaxTime(maxtime)
    ie3.setEpsilon(epsilon)
    txt="MonteCarlo : "+execute(ie3)+"\n"+ie3.messageApproximationScheme()
    y=vals(bn,ie3)
    plt.subplot(182)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie4=gum.WeightedSampling(bn)
    if evs is not None:
        ie4.setEvidence(evs)
    ie4.setMaxTime(maxtime)
    ie4.setEpsilon(epsilon)
    txt="Weighted : "+execute(ie4)+"\n"+ie4.messageApproximationScheme()
    y=vals(bn,ie4)
    plt.subplot(183)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie5=gum.ImportanceSampling(bn)
    if evs is not None:
        ie5.setEvidence(evs)
    ie5.setMaxTime(maxtime)
    ie5.setEpsilon(epsilon)
    txt="Importance: "+execute(ie5)+"\n"+ie5.messageApproximationScheme()
    y=vals(bn,ie5)
    plt.subplot(184)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie6=gum.LoopyBeliefPropagation(bn)
    if evs is not None:
        ie6.setEvidence(evs)
    ie6.setMaxTime(maxtime)
    ie6.setEpsilon(epsilon)
    txt="LBP: "+execute(ie6)+"\n"+ie6.messageApproximationScheme()
    y=vals(bn,ie6)
    plt.subplot(185)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie7=gum.LoopyWeightedSampling(bn)
    if evs is not None:
        ie7.setEvidence(evs)
    ie7.setMaxTime(maxtime)
    ie7.setEpsilon(epsilon)
    txt="LoopyWeighted: "+execute(ie7)+"\n"+ie7.messageApproximationScheme()
    y=vals(bn,ie7)
    plt.subplot(186)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie8=gum.LoopyGibbsSampling(bn)
    if evs is not None:
        ie8.setEvidence(evs)
    ie8.setMaxTime(maxtime)
    ie8.setEpsilon(epsilon)
    txt="LoopyGibbs: "+execute(ie8)+"\n"+ie8.messageApproximationScheme()
    y=vals(bn,ie8)
    plt.subplot(187)
    plt.plot(x,y,'ro')
    plt.title(txt)

    ie9=gum.LoopyImportanceSampling(bn)
    if evs is not None:
        ie9.setEvidence(evs)
    ie9.setMaxTime(maxtime)
    ie9.setEpsilon(epsilon)
    txt="LoopyImportance: "+execute(ie9)+"\n"+ie9.messageApproximationScheme()
    y=vals(bn,ie9)
    plt.subplot(188)
    plt.plot(x,y,'ro')
    plt.title(txt)

    plt.show()









In [6]:





compareIE(bn,5,1e-2)












[image: ../_images/notebooks_45-Inference_samplingInference_9_0.png]





In [7]:





compareIE(bn,50,1e-2)












[image: ../_images/notebooks_45-Inference_samplingInference_10_0.png]





In [8]:





compareIE(bn,5,1e-2,evs={'bg_24':0,'ins_indep_util_23':1,'renal_cl_14':1})












[image: ../_images/notebooks_45-Inference_samplingInference_11_0.png]





In [9]:





compareIE(bn,100,1e-2,evs={'bg_24':0,'ins_indep_util_23':1,'renal_cl_14':1})












[image: ../_images/notebooks_45-Inference_samplingInference_12_0.png]
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Learning the structure of a Bayesian network








	[image: Creative Commons License] [http://creativecommons.org/licenses/by-nc/4.0/]

	[image: aGrUM] [https://agrum.org]

	[image: interactive online version] [https://agrum.gitlab.io/extra/agrum_at_binder.html]







In [1]:





%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt

import os








In [2]:





import pyAgrum as gum
import pyAgrum.lib.notebook as gnb
import pyAgrum.lib.explain as explain
import pyAgrum.lib.bn_vs_bn as bnvsbn

gum.about()
gnb.configuration()














pyAgrum 1.4.1.9
(c) 2015-2022 Pierre-Henri Wuillemin, Christophe Gonzales

    This is free software; see the source code for copying conditions.
    There is ABSOLUTELY NO WARRANTY; not even for MERCHANTABILITY or
    FITNESS FOR A PARTICULAR PURPOSE.  For details, see 'pyAgrum.warranty'.












	Library	Version
	OS	nt [win32]
	Python	3.11.0 (main, Oct 24 2022, 18:26:48) [MSC v.1933 64 bit (AMD64)]
	IPython	8.6.0
	Matplotlib	3.6.2
	Numpy	1.23.4
	pyDot	1.4.2
	pyAgrum	1.4.1.9

Fri Nov 11 20:15:31 2022 Paris, Madrid





Generating the database from a BN


In [3]:





bn=gum.loadBN("res/asia.bif")
bn








Out[3]:








G


tuberculosis


tuberculosis





tuberculos_or_cancer


tuberculos_or_cancer





tuberculosis->tuberculos_or_cancer








bronchitis


bronchitis





dyspnoea


dyspnoea





bronchitis->dyspnoea








positive_XraY


positive_XraY





smoking


smoking





smoking->bronchitis








lung_cancer


lung_cancer





smoking->lung_cancer








visit_to_Asia


visit_to_Asia





visit_to_Asia->tuberculosis








tuberculos_or_cancer->positive_XraY








tuberculos_or_cancer->dyspnoea








lung_cancer->tuberculos_or_cancer












In [4]:





gum.generateSample(bn,500000,"out/sample_asia.csv",True);













out/sample_asia.csv: 100%|█████████████████████████████████|












Log2-Likelihood : -1612515.0955120972







In [5]:





with open("out/sample_asia.csv","r") as src:
    for _ in range(10):
        print(src.readline(),end="")













smoking,visit_to_Asia,lung_cancer,bronchitis,tuberculos_or_cancer,dyspnoea,positive_XraY,tuberculosis
0,1,1,0,1,0,1,1
0,1,1,1,1,1,1,1
0,1,0,0,0,0,0,1
1,1,1,1,1,1,1,1
1,1,1,1,1,0,1,1
0,1,1,0,1,0,1,1
0,1,1,0,1,0,1,1
1,1,1,1,1,0,1,1
0,1,1,1,1,0,1,1







In [6]:





learner=gum.BNLearner("out/sample_asia.csv",bn) #using bn as template for variables
print(learner)














Filename       : out/sample_asia.csv
Size           : (500000,8)
Variables      : visit_to_Asia[2], tuberculosis[2], tuberculos_or_cancer[2], positive_XraY[2], lung_cancer[2], smoking[2], bronchitis[2], dyspnoea[2]
Induced types  : False
Missing values : False
Algorithm      : Greedy Hill Climbing
Score          : BDeu
Prior          : -








In [7]:





print(f"Row of visit_to_Asia : {learner.idFromName('visit_to_Asia')}") # first row is 0













Row of visit_to_Asia : 0







In [8]:





print(f"Variable in row 4 : {learner.nameFromId(4)}")













Variable in row 4 : lung_cancer






The BNLearner is capable of recognizing missing values in databases. For this purpose, just indicate as a last argument the list of the strings that represent missing values.


In [9]:





# it is possible to add as a last argument a list of the symbols that represent missing values:
# whenever a cell of the database is equal to one of these strings, it is considered as a
# missing value
learner=gum.BNLearner("res/asia_missing.csv",bn, ['?', 'N/A'] )
print(f"Are there missing values in the database ? {learner.state()['Missing values'][0]}")













Are there missing values in the database ? True







type induction

When reading a csv file, BNLearner can try to find the correct type for discrete variable. Especially for numeric values.


In [10]:





%%writefile out/testTypeInduction.csv
A,B,C,D
1,2,0,hot
0,3,-2,cold
0,1,2,hot
1,2,2,warm













Overwriting out/testTypeInduction.csv







In [11]:





print("* by default, type induction is on (True) :")
learner=gum.BNLearner("out/testTypeInduction.csv")
bn3=learner.learnBN()
for v in sorted(bn3.names()):
    print(f"  - {bn3.variable(v)}")

print("")
print("* but you can disable it :")
learner=gum.BNLearner("out/testTypeInduction.csv",["?"],False)
bn3=learner.learnBN()
for v in sorted(bn3.names()):
    print(f"  - {bn3.variable(v)}")

print("")
print("Note that when a Labelized variable is found, the labesl are alphabetically sorted.")













* by default, type induction is on (True) :
  - A:Range([0,1])
  - B:Range([1,3])
  - C:Integer({-2|0|2})
  - D:Labelized({cold|hot|warm})

* but you can disable it :
  - A:Labelized({0|1})
  - B:Labelized({1|2|3})
  - C:Labelized({-2|0|2})
  - D:Labelized({cold|hot|warm})

Note that when a Labelized variable is found, the labesl are alphabetically sorted.









Parameters learning from the database

We give the \(bn\) as a parameter for the learner in order to have the variables and the order of the labels for each variables. Please try to remove the argument \(bn\) in the first line below to see the difference …


In [12]:





learner=gum.BNLearner("out/sample_asia.csv",bn) #using bn as template for variables and labels
bn2=learner.learnParameters(bn.dag())
gnb.showBN(bn2)












[image: ../_images/notebooks_31-Learning_structuralLearning_18_0.svg]




In [13]:





from IPython.display import HTML

gnb.sideBySide("<H3>Original BN</H3>","<H3>Learned NB</H3>",
               bn.cpt ('visit_to_Asia'),bn2.cpt ('visit_to_Asia'),
               bn.cpt ('tuberculosis'),bn2.cpt ('tuberculosis'),
               ncols=2)













	Original BN
	Learned NB

	

      	visit_to_Asia

	
      0	
      1

	0.0100	0.9900



	

      	visit_to_Asia

	
      0	
      1

	0.0099	0.9901




	
	
      	tuberculosis
      

	visit_to_Asia	
      0	
      1

	0	0.0500	0.9500

	1	0.0100	0.9900



	
	
      	tuberculosis
      

	visit_to_Asia	
      0	
      1

	0	0.0501	0.9499

	1	0.0101	0.9899












Structural learning a BN from the database

Note that, currently, the BNLearner is not yet able to learn in the presence of missing values. This is the reason why, when it discovers that there exist such values, it raises a gum.MissingValueInDatabase exception.


In [14]:





with open("res/asia_missing.csv","r") as asiafile:
    for _ in range(10):
        print(asiafile.readline(),end="")
try:
    learner=gum.BNLearner("res/asia_missing.csv",bn, ['?', 'N/A'] )
    bn2=learner.learnBN()
except gum.MissingValueInDatabase:
    print ( "exception raised: there are missing values in the database" )













smoking,lung_cancer,bronchitis,visit_to_Asia,tuberculosis,tuberculos_or_cancer,dyspnoea,positive_XraY
0,0,0,1,1,0,0,0
1,1,0,1,1,1,0,1
1,1,1,1,1,1,1,1
1,1,0,1,1,1,0,N/A
0,1,0,1,1,1,1,1
1,1,1,1,1,1,1,1
1,1,1,1,1,1,0,1
1,1,0,1,1,1,0,1
1,1,1,1,1,1,1,1
exception raised: there are missing values in the database







Different learning algorithms

For now, there are three algorithms that are wrapped in pyAgrum : LocalSearchWithTabuList,


In [15]:





learner=gum.BNLearner("out/sample_asia.csv",bn) #using bn as template for variables
learner.useLocalSearchWithTabuList()
print(learner)
bn2=learner.learnBN()
print("Learned in {0}ms".format(1000*learner.currentTime()))
gnb.flow.row(bn,bn2,explain.getInformation(bn2),captions=["Original BN","Learned BN","information"])













Filename       : out/sample_asia.csv
Size           : (500000,8)
Variables      : visit_to_Asia[2], tuberculosis[2], tuberculos_or_cancer[2], positive_XraY[2], lung_cancer[2], smoking[2], bronchitis[2], dyspnoea[2]
Induced types  : False
Missing values : False
Algorithm      : Local Search with Tabu List
Tabu list size : 2
Score          : BDeu
Prior          : -

Learned in 157.321ms
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Original BN
  
    
    


    Learning BN as probabilistic classifier
    

    

    

    

    

    

    
 
  

    
      
          
            
  


Learning BN as probabilistic classifier

Learning a Bayesian network can be used to obtain a classifier for one of the nodes of the model. For more about classifier, see pyAgrum.skbn.
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In [1]:





import sys
import os

import numpy as np

import pyAgrum as gum
import pyAgrum.lib.notebook as gnb

%matplotlib inline
from pyAgrum.lib.bn2roc import showROC
from pyAgrum.lib.bn2roc import showPR
from pyAgrum.lib.bn2roc import showROC_PR

SIZE_LEARN=10000
SIZE_VALID=2000








In [2]:





bn=gum.loadBN("res/alarm.dsl")
bn








Out[2]:
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INTUBATION->PRESS
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INTUBATION->SHUNT








LVEDVOLUME->PCWP








LVEDVOLUME->CVP












In [3]:





gum.generateSample(bn,SIZE_LEARN,"out/learn.csv",show_progress=True,with_labels=True)
gum.generateSample(bn,SIZE_VALID,"out/train.csv",show_progress=True,with_labels=True)













out/learn.csv: 100%|███████████████████████████████████████|












Log2-Likelihood : -152369.35183912187












out/train.csv: 100%|███████████████████████████████████████|












Log2-Likelihood : -30555.78716734933




















Out[3]:







-30555.78716734933







Learning a BN from learn.csv


In [4]:





# Learning a BN from the database
learner=gum.BNLearner("out/train.csv")

bn2=learner.useMIIC().learnBN()
currentTime=learner.currentTime()








In [5]:





gnb.flow.add(gnb.getBN(bn2,size="9"),f"Learned with {SIZE_LEARN} lines in {currentTime:.3f}s")
gnb.flow.display()
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Learned with 10000 lines in 0.475s
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Learning essential graphs
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In [1]:





%matplotlib inline
from pylab import *
import matplotlib.pyplot as plt

import os

import pyAgrum as gum
import pyAgrum.lib.notebook as gnb










Compare learning algorithms

Essentially MIIC and 3off2 computes the essential graph (CPDAG) from data. Essential graphs are mixed graphs.


In [2]:





learner=gum.BNLearner("out/sample_asia.csv")
learner.use3off2()
learner.useNMLCorrection()
print(learner)
ge3off2=learner.learnEssentialGraph()













Filename       : out/sample_asia.csv
Size           : (500000,8)
Variables      : smoking[2], visit_to_Asia[2], lung_cancer[2], bronchitis[2], tuberculos_or_cancer[2], dyspnoea[2], positive_XraY[2], tuberculosis[2]
Induced types  : True
Missing values : False
Algorithm      : 3off2
Correction     : NML
Prior          : -








In [3]:





gnb.showDot(ge3off2.toDot());












[image: ../_images/notebooks_33-Learning_LearningAndEssentialGraphs_5_0.svg]




In [4]:





learner=gum.BNLearner("out/sample_asia.csv")
learner.useMIIC()
learner.useNMLCorrection()
print(learner)
gemiic=learner.learnEssentialGraph()
gemiic













Filename       : out/sample_asia.csv
Size           : (500000,8)
Variables      : smoking[2], visit_to_Asia[2], lung_cancer[2], bronchitis[2], tuberculos_or_cancer[2], dyspnoea[2], positive_XraY[2], tuberculosis[2]
Induced types  : True
Missing values : False
Algorithm      : MIIC
Correction     : NML
Prior          : -








Out[4]:
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For the others methods, it is possible to obtain the essential graph from the learned BN.


In [5]:





learner=gum.BNLearner("out/sample_asia.csv")
learner.useGreedyHillClimbing()
bnHC=learner.learnBN()
print(learner)
geHC=gum.EssentialGraph(bnHC)
geHC
gnb.sideBySide(bnHC,geHC)













Filename       : out/sample_asia.csv
Size           : (500000,8)
Variables      : smoking[2], visit_to_Asia[2], lung_cancer[2], bronchitis[2], tuberculos_or_cancer[2], dyspnoea[2], positive_XraY[2], tuberculosis[2]
Induced types  : True
Missing values : False
Algorithm      : Greedy Hill Climbing
Score          : BDeu
Prior          : -
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In [6]:





learner=gum.BNLearner("out/sample_asia.csv")
learner.useLocalSearchWithTabuList()
print(learner)
bnTL=learner.learnBN()
geTL=gum.EssentialGraph(bnTL)
geTL
gnb.sideBySide(bnTL,geTL)













Filename       : out/sample_asia.csv
Size           : (500000,8)
Variables      : smoking[2], visit_to_Asia[2], lung_cancer[2], bronchitis[2], tuberculos_or_cancer[2], dyspnoea[2], positive_XraY[2], tuberculosis[2]
Induced types  : True
Missing values : False
Algorithm      : Local Search with Tabu List
Tabu list size : 2
Score          : BDeu
Prior          : -
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