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pyAgrum (http://agrum.org) is a scientific C++ and Python library dedi-
cated to Bayesian networks (BN) and other Probabilistic Graphical Mod-
els. Based on the C++ aGrUM (https://agrum.lip6.fr) library, it provides
a high-level interface to the C++ part of aGrUM allowing to create, man-
age and perform efficient computations with Bayesian networks and oth-
ers probabilistic graphical models : Markov networks (MN), influence
diagrams (ID) and LIMIDs, credal networks (CN), dynamic BN (dBN),
probabilistic relational models (PRM).

bn=gum.fastBN{"&->B;C->B->D",3)
gnb.sideBySide(bn,
bn.cpt("B"),
gnb.getJunctionTree(bn),
gnb.getInference(bn),

captions=["a BN",'a CPT : $P(B|A,C)%", 'a Junction Tree’, 'an inference’'])

(http://agrum.org)
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The module is generated using the SWIG (http://www.swig.org) interface generator. Custom-written code was

added to make the interface more user friendly.

pyAgrum aims to allow to easily use (as well as to prototype new algorithms on) Bayesian network and other

graphical models.
pyAgrum contains :
* a comprehensive API documentation.
* tutorials as jupyter notebooks.
* a gitlab repository (https://gitlab.com/agrumery/aGrUM).

* and a website (http://agrum.org).
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CHAPTER
ONE

GRAPHS MANIPULATION

In aGrUM, graphs are undirected (using edges), directed (using arcs) or mixed (using both arcs and edges). Some
other types of graphs are described below. Edges and arcs are represented by pairs of int (nodeld), but these pairs
are considered as unordered for edges whereas they are ordered for arcs.

For all types of graphs, nodes are int. If a graph of objects is needed (like pyAgrum.BayesNet (page 74)), the
objects are mapped to nodelds.

1.1 Edges and Arcs

1.1.1 Arc

class pyAgrum.Arc(*args)

pyAgrum.Arc is the representation of an arc between two nodes represented by int : the head and the tail.
Arc(tail, head) -> Arc
Parameters:
e tail (int) — the tail
* head (int) — the head
Arc(srec) -> Arc
Parameters:
* src (Arc) — the pyAgrum.Arc to copy
first(Q

Returns
the nodeld of the first node of the arc (the tail)

Return type
int

head O

Returns
the id of the head node

Return type
int

other (id)

Parameters
id (int) — the nodeld of the head or the tail

Returns
the nodeld of the other node
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Return type
int
second()

Returns
the nodeld of the second node of the arc (the head)

Return type
int
tailQ

Returns
the id of the tail node

Return type
int

1.1.2 Edge

class pyAgrum.Edge(*args)

pyAgrum.Edge is the representation of an arc between two nodes represented by int : the first and the second.
Edge(aN1,aN2) -> Edge
Parameters:
¢ aN1 (int) — the nodeld of the first node
¢ aN2 (int) — the nodeld of the secondnode
Edge(src) -> Edge
Parameters:
* src (yAgrum.Edge) — the Edge to copy
firstQ

Returns
the nodeld of the first node of the arc (the tail)

Return type
int

other (id)

Parameters
id (int) — the nodeld of one of the nodes of the Edge

Returns
the nodeld of the other node

Return type
int
second ()

Returns
the nodeld of the second node of the arc (the head)

Return type
int

4 Chapter 1. Graphs manipulation
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1.2 Directed Graphs

1.2.1 Digraph

class pyAgrum.DiGraph(*args)
DiGraph represents a Directed Graph.

DiGraph() -> DiGraph
default constructor

DiGraph(src) -> DiGraph
Parameters:
* src (pyAgrum.DiGraph) — the digraph to copy
addArc (*args)

Add an arc from tail to head.
Parameters
e tail (int) - the id of the tail node
¢ head (int) — the id of the head node
Raises
e pyAgrum.InvalidNode (page 347) —
e If head or tail does not belong to the graph nodes. -

Return type
None

addNode O

Returns
the new Nodeld

Return type
int
addNodeWithId(id)
Add a node by choosing a new Nodeld.

Parameters
id (int) — The id of the new node

Raises
e pyAgrum.DuplicateElement (page 345) —
e If the given id is already used -

Return type
None

addNodes (n)
Add n nodes.

Parameters
n (int) — the number of nodes to add.

Returns
the new ids

Return type
Set of int

1.2. Directed Graphs 5
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arcs()

Returns
the list of the arcs

Return type
List

children(id)

Parameters
id (int) — the id of the parent

Returns
the set of all the children

Return type
Set

clear()

Remove all the nodes and arcs from the graph.

Return type
None

connectedComponents ()
connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an

object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.

This root has been arbitrarily chosen during the algorithm.

Returns

dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-

ponent as key.

Return type
dict(int,Set[int])

empty O
Check if the graph is empty.

Returns
True if the graph is empty

Return type
bool

emptyArcs()
Check if the graph doesn’t contains arcs.

Returns
True if the graph doesn’t contains arcs

Return type
bool

eraseArc(nl, n2)
Erase the arc between nl and n2.

Parameters
e nl (int) — the id of the tail node

e n2 (int) — the id of the head node

6 Chapter 1.

Graphs manipulation
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Return type
None

eraseChildren(n)
Erase the arcs heading through the node’s children.

Parameters
n (int) — the id of the parent node

Return type
None

eraseNode (id)
Erase the node and all the related arcs.

Parameters
id (int) — the id of the node

Return type
None

eraseParents(n)
Erase the arcs coming to the node.

Parameters
n (int) — the id of the child node

Return type
None

existsArc(nl, n2)
Check if an arc exists bewteen nl and n2.

Parameters
e nl (int) — the id of the tail node
e n2 (int) — the id of the head node

Returns
True if the arc exists

Return type
bool

existsNode(id)

Check if a node with a certain id exists in the graph.

Parameters
id (int) — the checked id

Returns
True if the node exists

Return type
bool

hasDirectedPath(_from, to)
Check if a directedpath exists bewteen from and to.

Parameters
e from (int) — the id of the first node of the (possible) path
e to (int) — the id of the last node of the (possible) path

e _from (int) -

1.2.

Directed Graphs
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Returns
True if the directed path exists

Return type
bool

nodes ()

Returns
the set of ids

Return type
set

parents (id)

Parameters
id (int) — The id of the child node

Returns
the set of the parents ids.

Return type
Set

size()

Returns
the number of nodes in the graph

Return type
int

sizeArcs()

Returns
the number of arcs in the graph

Return type
int

toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

topologicalOrder (clear=True)

Returns
the list of the nodes Ids in a topological order

Return type
List

Raises

pyAgrum. InvalidDirectedCycle (page 347) — If this graph contains cycles

Parameters
clear (bool) -

Chapter 1. Graphs manipulation
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1.2.2 Directed Acyclic Graph

class pyAgrum.DAG(*args)
DAG represents a Directed Graph.

DAG() -> DAG
default constructor

DAG(src) -> DAG
Parameters:
* src (pyAgrum.DAG) — the digraph to copy

addArc (*args)
Add an arc from tail to head.

Parameters

e tail (int) - the id of the tail node

¢ head (int) — the id of the head node
Raises

e pyAgrum.InvalidNode (page 347) — If head or tail does not belong to the graph
nodes.

e PyAgrum.InvalidDirectedCycle — if the arc would create a cycle.

Return type
None

addNode O

Returns
the new Nodeld

Return type
int

addNodeWithId(id)
Add a node by choosing a new Nodeld.

Parameters
id (int) — The id of the new node

Raises
» pyAgrum.DuplicateElement (page 345) —
e If the given id is already used -

Return type
None
addNodes (n)
Add n nodes.

Parameters
n (int) — the number of nodes to add.

Returns
the new ids

Return type
Set of int

1.2. Directed Graphs 9
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arcs()

Returns
the list of the arcs

Return type
List

children(id)
Parameters
id (int) — the id of the parent

Returns
the set of all the children

Return type
Set

clear()

Remove all the nodes and arcs from the graph.

Return type
None

connectedComponents ()

connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])

dSeparation(*args)

Return type
bool

empty ()
Check if the graph is empty.

Returns
True if the graph is empty

Return type
bool

emptyArcs()

Check if the graph doesn’t contains arcs.

Returns
True if the graph doesn’t contains arcs

Return type
bool

eraseArc(nl, n2)

Erase the arc between nl and n2.

Parameters

10 Chapter 1. Graphs manipulation
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¢ nl (int) — the id of the tail node
e n2 (int) — the id of the head node

Return type
None

eraseChildren(n)

Erase the arcs heading through the node’s children.

Parameters
n (int) — the id of the parent node

Return type
None

eraseNode (id)

Erase the node and all the related arcs.

Parameters
id (int) — the id of the node

Return type
None

eraseParents(n)

Erase the arcs coming to the node.

Parameters
n (int) — the id of the child node

Return type
None

existsArc(nl, n2)

Check if an arc exists bewteen nl and n2.
Parameters
e nl (int) — the id of the tail node
* n2 (int) — the id of the head node

Returns
True if the arc exists

Return type
bool

existsNode (id)
Check if a node with a certain id exists in the graph.

Parameters
id (int) — the checked id

Returns
True if the node exists

Return type
bool

hasDirectedPath(_from, to)

Check if a directedpath exists bewteen from and to.
Parameters
e from (int) — the id of the first node of the (possible) path

e to (int) — the id of the last node of the (possible) path

1.2.

Directed Graphs

11
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e _from (int) —

Returns
True if the directed path exists

Return type
bool

moralGraph()

Return type
UndiGraph (page 13)

moralizedAncestralGraph(nodes)

Parameters
nodes (List[int]) —

Return type
UndiGraph (page 13)

nodes ()

Returns
the set of ids

Return type
set

parents (id)

Parameters
id (int) — The id of the child node

Returns
the set of the parents ids.

Return type
Set

size()

Returns
the number of nodes in the graph

Return type
int

sizeArcs()

Returns
the number of arcs in the graph

Return type
int
toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

topologicalOrder (clear=True)

Returns
the list of the nodes Ids in a topological order

12 Chapter 1.

Graphs manipulation
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Return type
List

Raises
pyAgrum. InvalidDirectedCycle (page 347) — If this graph contains cycles

Parameters
clear (bool) -

1.3 Undirected Graphs

1.3.1 UndiGraph

class pyAgrum.UndiGraph(*args)
UndiGraph represents an Undirected Graph.

UndiGraph() -> UndiGraph
default constructor

UndiGraph(src) -> UndiGraph
Parameters!
¢ src (UndiGraph) — the pyAgrum.UndiGraph to copy
addEdge (*args)

Insert a new edge into the graph.
Parameters
* nl (int) — the id of one node of the new inserted edge
* n2 (int) — the id of the other node of the new inserted edge

Raises
pyAgrum. InvalidNode (page 347) — If nl or n2 does not belong to the graph nodes.

Return type
None

addNode O

Returns
the new Nodeld

Return type
int
addNodeWithId(id)
Add a node by choosing a new Nodeld.

Parameters
id (int) — The id of the new node

Raises
pyAgrum.DuplicateElement (page 345) — If the given id is already used

Return type
None
addNodes (n)
Add n nodes.

Parameters
n (int) — the number of nodes to add.

1.3. Undirected Graphs 13
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Returns
the new ids

Return type
Set of int

clear()

Remove all the nodes and edges from the graph.

Return type
None

connectedComponents ()
connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])

edges()

Returns
the list of the edges

Return type
List

empty ()
Check if the graph is empty.

Returns
True if the graph is empty

Return type
bool

emptyEdges ()
Check if the graph doesn’t contains edges.

Returns
True if the graph doesn’t contains edges

Return type
bool

eraseEdge(nl, n2)

Erase the edge between nl and n2.
Parameters
e nl (int) — the id of the tail node
e n2 (int) — the id of the head node

Return type
None

14 Chapter 1. Graphs manipulation
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eraseNeighbours (n)
Erase all the edges adjacent to a given node.

Parameters
n (int) — the id of the node

Return type
None

eraseNode (id)

Erase the node and all the adjacent edges.

Parameters
id (int) — the id of the node

Return type
None

existsEdge(nl, n2)
Check if an edge exists bewteen nl and n2.

Parameters
* nl (int) — the id of one extremity of the edge
e n2 (int) — the id of the other extremity if tge edge

Returns
True if the arc exists

Return type
bool

existsNode (id)
Check if a node with a certain id exists in the graph.

Parameters
id (int) — the checked id

Returns
True if the node exists

Return type
bool

hasUndirectedCycle()
Checks whether the graph contains cycles.

Returns
True if the graph contains a cycle

Return type
bool

neighbours (id)

Parameters
id (int) — the id of the checked node

Returns
The set of edges adjacent to the given node

Return type
Set

nodes ()

Returns
the set of ids

1.3.

Undirected Graphs

15
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Return type
set

nodes2ConnectedComponent ()

Return type
Dict[int, int]

partialUndiGraph (nodes)

Parameters

* nodesSet (Set) — The set of nodes composing the partial graph

* nodes (List[int]) —

Returns
The partial graph formed by the nodes given in parameter

Return type
pyAgrum.UndiGraph (page 13)

size()

Returns
the number of nodes in the graph

Return type
int

sizeEdges()

Returns
the number of edges in the graph

Return type
int

toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

1.3.2 Clique Graph

class pyAgrum.CliqueGraph(*args)
CliqueGraph represents a Clique Graph.

CliqueGraph() -> CliqueGraph
default constructor

CliqueGraph(src) -> CliqueGraph
Parameter
* src (pyAgrum.CliqueGraph) — the CliqueGraph to copy

addEdge (first, second)
Insert a new edge into the graph.

Parameters
e nl (int) — the id of one node of the new inserted edge

* n2 (int) — the id of the other node of the new inserted edge

16 Chapter 1.

Graphs manipulation
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e first (int) -
e second (int) —

Raises
pyAgrum. InvalidNode (page 347) — If nl or n2 does not belong to the graph nodes.

Return type
None

addNode (*args)
Returns
the new Nodeld

Return type
int

addNodeWithId(id)
Add a node by choosing a new Nodeld.

Parameters
id (int) — The id of the new node

Raises
pyAgrum.DuplicateElement (page 345) — If the given id is already used

Return type
None

addNodes (1)
Add n nodes.

Parameters
n (int) — the number of nodes to add.

Returns
the new ids

Return type
Set of int

addToClique (clique_id, node_id)
Change the set of nodes included into a given clique and returns the new set

Parameters
e clique_id (int) — the id of the clique
¢ node_id (int) — the id of the node

Raises
e pyAgrum.NotFound (page 348) —
e If clique_id does not exist -
e pyAgrum.DuplicateElement (page 345) —
e If clique_id set already contains the ndoe —

Return type
None

clear()
Remove all the nodes and edges from the graph.

Return type
None

1.3.
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clearEdges()

Remove all edges and their separators

Return type
None

clique(cligue)

Parameters
e idClique (int) — the id of the clique
e clique (int) —

Returns
The set of nodes included in the clique

Return type
Set

Raises
pyAgrum. NotFound (page 348) — If the clique does not belong to the clique graph

connectedComponents ()
connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])

container (idNode)

Parameters
idNode (int) — the id of the node

Returns
the id of a clique containing the node

Return type
int
Raises
pyAgrum.NotFound (page 348) — If no clique contains idNode

containerPath(nodel, node2)

Parameters
¢ nodel (int) - the id of one node
¢ node2 (int) — the id of the other node

Returns
a path from a clique containing nodel to a clique containing node2

Return type
List

Raises
pyAgrum.NotFound (page 348) — If such path cannot be found

18 Chapter 1. Graphs manipulation



pyAgrum Documentation, Release 1.3.0

edges()

Returns
the list of the edges

Return type
List

empty ()
Check if the graph is empty.

Returns
True if the graph is empty

Return type
bool

emptyEdges ()
Check if the graph doesn’t contains edges.

Returns
True if the graph doesn’t contains edges

Return type
bool

eraseEdge (edge)
Erase the edge between nl and n2.

Parameters
¢ nl (int) — the id of the tail node
e n2 (int) — the id of the head node
¢ edge (Edge (page 4)) —

Return type
None

eraseFromClique (clique_id, node_id)

Remove a node from a clique
Parameters
e clique_id (int) — the id of the clique
e node_id (int) — the id of the node

Raises
pyAgrum.NotFound (page 348) — If clique_id does not exist

Return type
None

eraseNeighbours (n)

Erase all the edges adjacent to a given node.

Parameters
n (int) — the id of the node

Return type
None

eraseNode (node)

Erase the node and all the adjacent edges.

Parameters

1.3.
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e id (int) — the id of the node
¢ node (int) —

Return type
None

existsEdge(nl, n2)

Check if an edge exists bewteen nl and n2.
Parameters
e nl (int) — the id of one extremity of the edge
* n2 (int) — the id of the other extremity if tge edge

Returns
True if the arc exists

Return type
bool

existsNode (id)

Check if a node with a certain id exists in the graph.

Parameters
id (int) — the checked id

Returns
True if the node exists

Return type
bool

hasRunningIntersection()

Returns
True if the running intersection property holds

Return type
bool

hasUndirectedCycle()
Checks whether the graph contains cycles.

Returns
True if the graph contains a cycle

Return type
bool

isJoinTree()

Returns
True if the graph is a join tree

Return type
bool

neighbours (id)

Parameters
id (int) — the id of the checked node

Returns
The set of edges adjacent to the given node

Return type
Set
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nodes ()

Returns
the set of ids

Return type
set

nodes2ConnectedComponent ()

Return type
Dict[int, int]

partialUndiGraph (nodes)
Parameters
* nodesSet (Set) — The set of nodes composing the partial graph
¢ nodes (List[int]) —

Returns
The partial graph formed by the nodes given in parameter

Return type
pyAgrum.UndiGraph (page 13)

separator(cligl, clig2)

Parameters
* edge (pyAgrum.Edge (page 4)) — the edge to be checked
e cliquel (int) — one extremity of the edge
¢ clique (int) - the other extremity of the edge
e cliql (int) -
e cliqg2 (int) -

Returns
the separator included in a given edge

Return type
Set

Raises
pyAgrum. NotFound (page 348) — If the edge does not belong to the clique graph

setClique (idClique, new_clique)
changes the set of nodes included into a given clique

Parameters
e idClique (int) - the id of the clique
* new_clique (Set) — the new set of nodes to be included in the clique

Raises
pyAgrum.NotFound (page 348) — If idClique is not a clique of the graph

Return type
None

size()

Returns
the number of nodes in the graph

1.3.
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Return type
int

sizeEdges()

Returns
the number of edges in the graph

Return type
int
toDot )

Returns
a friendly display of the graph in DOT format

Return type
str

toDotWithNames (bn)

Parameters
e bn (pyAgrum.BayesNet (page 74)) —
¢ network (a Bayesian) —

Returns
a friendly display of the graph in DOT format where ids have been changed according to
their correspondance in the BN

Return type
str

1.4 Mixed Graph

class pyAgrum.MixedGraph(*args)
MixedGraph represents a graph with both arcs and edges.

MixedGraph() -> MixedGraph
default constructor

MixedGraph(src) -> MixedGraph
Parameters:
* src (pyAgrum.MixedGraph) —the MixedGraph to copy

addArc(nl, n2)
Add an arc from tail to head.

Parameters
e tail (int) — the id of the tail node
¢ head (int) — the id of the head node
e nl (int) -
e n2 (int) —

Raises
pyAgrum. InvalidNode (page 347) — If head or tail does not belong to the graph nodes.

Return type
None

22 Chapter 1. Graphs manipulation



pyAgrum Documentation, Release 1.3.0

addEdge(n/, n2)

Insert a new edge into the graph.
Parameters
e nl (int) — the id of one node of the new inserted edge
* n2 (int) — the id of the other node of the new inserted edge

Raises
pyAgrum. InvalidNode (page 347) — If nl or n2 does not belong to the graph nodes.

Return type
None

addNode )

Returns
the new Nodeld

Return type
int
addNodeWithId(id)
Add a node by choosing a new Nodeld.

Parameters
id (int) — The id of the new node

Raises
pyAgrum.DuplicateElement (page 345) — If the given id is already used

Return type
None

addNodes (n)
Add n nodes.

Parameters
n (int) — the number of nodes to add.

Returns
the new ids

Return type
Set of int

adjacents(id)
adjacents nodes are neighbours (not oriented), children and parents

Parameters
id (int) — the id of the node

Returns
the set of node ids.

Return type
set

arcs()

Returns
the list of the arcs

Return type
List
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children(id)

Parameters
id (int) — the id of the parent

Returns
the set of all the children

Return type
Set

clear()

Remove all the nodes and edges from the graph.

Return type
None

connectedComponents ()
connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])

edges()

Returns
the list of the edges

Return type
List

empty O
Check if the graph is empty.

Returns
True if the graph is empty

Return type
bool

emptyArcs()
Check if the graph doesn’t contains arcs.

Returns
True if the graph doesn’t contains arcs

Return type
bool

emptyEdges
Check if the graph doesn’t contains edges.

Returns
True if the graph doesn’t contains edges

Return type
bool
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eraseArc(nl, n2)

Erase the arc between nl and n2.
Parameters
e nl (int) — the id of the tail node
e n2 (int) — the id of the head node

Return type
None

eraseChildren(n)

Erase the arcs heading through the node’s children.

Parameters
n (int) — the id of the parent node

Return type
None

eraseEdge (nl, n2)

Erase the edge between nl and n2.
Parameters
e nl (int) — the id of the tail node
e n2 (int) — the id of the head node

Return type
None

eraseNeighbours (n)
Erase all the edges adjacent to a given node.

Parameters
n (int) — the id of the node

Return type
None

eraseNode (id)
Erase the node and all the related arcs and edges.

Parameters
id (int) — the id of the node

Return type
None

eraseParents(n)
Erase the arcs coming to the node.

Parameters
n (int) — the id of the child node

Return type
None

existsArc(nl, n2)
Check if an arc exists bewteen nl and n2.

Parameters
e nl (int) — the id of the tail node

e n2 (int) — the id of the head node

1.4.
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Returns
True if the arc exists

Return type
bool

existsEdge(nl, n2)

Check if an edge exists bewteen nl and n2.
Parameters
* nl (int) — the id of one extremity of the edge
* n2 (int) — the id of the other extremity if tge edge

Returns
True if the arc exists

Return type
bool

existsNode (id)
Check if a node with a certain id exists in the graph.

Parameters
id (int) — the checked id

Returns
True if the node exists

Return type
bool

hasDirectedPath(_from, to)

Check if a directedpath exists bewteen from and to.
Parameters
e from (int) — the id of the first node of the (possible) path
e to (int) — the id of the last node of the (possible) path
e _from (int) —

Returns
True if the directed path exists

Return type
bool

hasUndirectedCycle()
Checks whether the graph contains cycles.

Returns
True if the graph contains a cycle

Return type
bool

mixedOrientedPath (nodel, node2)

Parameters
* nodel (int) — the id form which the path begins
e node2 (int) — the id to witch the path ends

Returns
a path from nodel to node2, using edges and/or arcs (following the direction of the arcs).
If no path is found, the returned list is empty.
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Return type
List

mixedUnorientedPath(nodel, node2)
Parameters
e nodel (int) — the id from which the path begins
* node2 (int) — the id to which the path ends

Returns
a path from nodel to node2, using edges and/or arcs (not necessarily following the direc-
tion of the arcs). If no path is found, the list is empty.

Return type
List

neighbours(id)

Parameters
id (int) — the id of the checked node

Returns
The set of edges adjacent to the given node

Return type
Set

nodes ()

Returns
the set of ids

Return type
set

nodes2ConnectedComponent ()

Return type
Dict[int, int]

parents (id)

Parameters
id (int) — The id of the child node

Returns
the set of the parents ids.

Return type
Set

partialUndiGraph (nodes)

Parameters
* nodesSet (Set) — The set of nodes composing the partial graph
e nodes (List[int]) —

Returns
The partial graph formed by the nodes given in parameter

Return type
pyAgrum.UndiGraph (page 13)

1.4.
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size()

Returns
the number of nodes in the graph

Return type
int

sizeArcs()

Returns
the number of arcs in the graph

Return type
int

sizeEdges()

Returns
the number of edges in the graph

Return type
int

toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

topologicalOrder (clear=True)

Returns
the list of the nodes Ids in a topological order

Return type
List

Raises

pyAgrum. InvalidDirectedCycle (page 347) — If this graph contains cycles

Parameters
clear (bool) -

28
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CHAPTER
TWO

RANDOM VARIABLES

aGrUM/pyAgrum is currently dedicated for discrete probability distributions.

There are 5 types of discrete random variables in aGrUM/pyAgrum: LabelizedVariable, Discretized Variable, In-
tegerVariable, RangeVariable and NumericalDiscreteVariable. The 5 types are mainly provided in order to ease
modelization. Derived from DiscreteVariable, they share a common API. They essentially differ by the means to
create, name and access to their modalities.

2.1 Common API for Random Discrete Variables

class pyAgrum.DiscreteVariable(*args, **kwargs)

DiscreteVariable is the (abstract) base class for discrete random variables.

description()

Returns
the description of the variable

Return type
str

domain()

Returns
the domain of the variable

Return type
str

domainSize()

Returns
the number of modalities in the variable domain

Return type
int
empty ()

Returns
True if the domain size < 2

Return type
bool

index (label)

Parameters
label (str) —a label
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Returns
the indice of the label

Return type
int

label ()

Parameters
i (int) — the index of the label we wish to return

Returns
the indice-th label

Return type
str

Raises

pyAgrum.OutOfBounds (page 349) — If the variable does not contain the label

labels()

Returns
a tuple containing the labels

Return type
tuple

name()

Returns
the name of the variable

Return type
str

numerical (indice)

Parameters
indice (int) — an index

Returns
the numerical representation of the indice-th value

Return type
float

setDescription(theValue)

set the description of the variable.

Parameters
theValue (str) — the new description of the variable

Return type
None

setName (theValue)
sets the name of the variable.

Parameters
theValue (str) — the new description of the variable

Return type
None

stype ()

Returns
a description of its type
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Return type
str

toDiscretizedVar()

Returns
the discretized variable

Return type
pyAgrum.DiscretizedVariable (page 36)

Raises
pyAgrum.RuntimeError — If the variable is not a Discretized Variable

toIntegerVar()

Return type
IntegerVariable (page 40)

toLabelizedVar()

Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises
pyAgrum.RuntimeError - If the variable is not a Labelized Variable

toNumericalDiscreteVar()

Return type
NumericalDiscreteVariable (page 49)

toRangeVar ()

Returns
the range variable

Return type
pyAgrum.RangeVariable (page 45)

Raises
pyAgrum.RuntimeError — If the variable is not a RangeVariable

toStringWithDescription()

Returns
a description of the variable

Return type
str

varType()
returns the type of variable

Returns
the type of the variable.
0: DiscretizedVariable, 1: Labelized Variable, 2: IntegerVariable, 3: RangeVariable, 4:

Return type
int

2.1,
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2.2 Concrete classes for Random Discrete Variables

2.2.1 LabelizedVariable

class pyAgrum.LabelizedVariable (*args)

LabelizedVariable is a discrete random variable with a customizable sequence of labels.
Labelized Variable(aName, aDesc="", nbrLabel=2) -> Labelized Variable
Parameters:
¢ aName (str) — the name of the variable
* aDesc (str) — the (optional) description of the variable
* nbrLabel (int) — the number of labels to create (2 by default)
Labelized Variable(aName, aDesc="", labels) -> Labelized Variable
Parameters:
e aName (str) — the name of the variable
* aDesc (str) — the (optional) description of the variable
« labels (List[str]) — the labels to create
Labelized Variable(aLDRYV) -> Labelized Variable
Parameters:

» aLDRV (pyAgrum.LabelizedVariable) — The pyAgrum.Labelized Variable that will be copied

Examples

>>> import pyAgrum as gum

>>> # creating a variable with 3 labels : '0', '1' and 2’

>>> va=gum.LabelizedVariable('a', 'a labelized variable',3)

>>> print(va)

a:Labelized(<0,1,2>)

>>> va.addLabel('foo")

("pyAgrum.LabelizedVariable"@0x7£fc4c840dd90) a:Labelized(<0,1,2,foo0>)
>>> va.changelLabel (1, 'bar')

>>> print(va)

a:Labelized(<0®,bar,2, foo>)

>>> vb=gum.LabelizedVariable('b','b"',0).addLabel('A").addLabel('B").addLabel('C")
>>> print(vb)

b:Labelized(<A,B,C>)

>>> vb.labels()

('aA', 'B', 'C"H)

>>> vb.isLabel('E")

False

>>> vb.label (2)

e

>>> vc=gum.LabelizedVariable('b','b',['one', "two', 'three'])

>>> Ve

("pyAgrum.LabelizedVariable"@0x7£fc4c840c130) b:Labelized(<one,two,three>)

addLabel (*args)
Add a label with a new index (we assume that we will NEVER remove a label).

Parameters
aLabel (str) — the label to be added to the labelized variable
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Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises

pyAgrum.DuplicateElement (page 345) — If the variable already contains the label

changeLabel (pos, aLabel)
Change the label at the specified index

Parameters

* pos (int) — the index of the label to be changed

e alLabel (str) — the label to be added to the labelized variable

Raises

e pyAgrum.DuplicateElement (page 345) — If the variable already contains the new

label

e pyAgrum.OutOfBounds (page 349) — If the index is greater than the size of the vari-

able

Return type
None

description()

Returns
the description of the variable

Return type
str

domain()

Returns
the domain of the variable as a string

Return type
str

domainSize()

Returns

the number of modalities in the variable domain

Return type
int

empty ()

Returns
True if the domain size < 2

Return type
bool

eraseLabels()

Erase all the labels from the variable.

Return type
None

2.2,

Concrete classes for Random Discrete Variables
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index (label)

Parameters
label (str) — a label

Returns
the indice of the label

Return type
int
isLabel (aLabel)

Indicates whether the variable already has the label passed in argument

Parameters
aLabel (str) — the label to be tested

Returns
True if the label already exists

Return type
bool

label (i)

Parameters
i (int) — the index of the label we wish to return

Returns
the indice-th label

Return type
str

Raises

pyAgrum.OutOfBounds (page 349) — If the variable does not contain the label

labels()

Returns
a tuple containing the labels

Return type
tuple

name ()

Returns
the name of the variable

Return type
str

numerical (index)

Parameters
e indice (int) — an index
¢ index (int) —

Returns
the numerical representation of the indice-th value

Return type
float
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posLabel (label)

Parameters
label (str) -

Return type
int

setDescription(theValue)

set the description of the variable.

Parameters
theValue (str) — the new description of the variable

Return type
None

setName (theValue)

sets the name of the variable.

Parameters
theValue (str) — the new description of the variable

Return type
None

stype()

Returns
a description of its type

Return type
str

toDiscretizedVar()

Returns
the discretized variable

Return type
pyAgrum.DiscretizedVariable (page 36)

Raises
pyAgrum.RuntimeError — If the variable is not a Discretized Variable

toIntegerVar()

Return type
IntegerVariable (page 40)

toLabelizedVar()

Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises
pyAgrum.RuntimeError - If the variable is not a Labelized Variable

toNumericalDiscreteVar()

Return type
NumericalDiscreteVariable (page 49)

2.2,

Concrete classes for Random Discrete Variables
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toRangeVar ()

Returns
the range variable

Return type
pyAgrum.RangeVariable (page 45)

Raises
pyAgrum.RuntimeError — If the variable is not a RangeVariable

toStringWithDescription()

Returns
a description of the variable

Return type
str

varType()

returns the type of variable
Returns
the type of the variable.
0: DiscretizedVariable, 1: LabelizedVariable, 2: IntegerVariable, 3: RangeVariable, 4:

Return type
int

2.2.2 DiscretizedVariable

class pyAgrum.DiscretizedVariable(*args)

DiscretizedVariable is a discrete random variable with a set of ticks defining intervals.
Discretized Variable(aName, aDesc ,ticks=None,is_empirical=False) -> Discretized Variable
Parameters:
e aName (s7r) — the name of the variable
* aDesc (str) — the description of the variable
o **ticks (list[float]) — the list of ticks to add
* is_empirical (*bool) — if False, raise an error if a value is out of bound.
Discretized Variable(aDDRYV) -> Discretized Variable
Parameters:

* aDDRV (pyAgrum.DiscretizedVariable) — the pyAgrum.DiscretizedVariable that will be
copied

36 Chapter 2. Random Variables



pyAgrum Documentation, Release 1.3.0

Examples

>>> import pyAgrum as gum

>>> vX=gum.DiscretizedVariable('X','X has been discretized').addTick(l).
—addTick(2) .addTick(3) .addTick(3.1415)
>>> print (vX)
X:Discretized(<[1;2[,[2;3[,[3;3.1415]>)
>>> vX.isTick(4)

False

>>> vX.labels(Q)

('[1;2[", '[2;3[", '"[3;3.1415]1")

>>> # where is the real value 2.5 ?
>>> vX.index('2.5")

1

addTick(*args)

Parameters
aTick (float) — the Tick to be added

Returns
the discretized variable

Return type
pyAgrum.DiscretizedVariable (page 36)

Raises
pyAgrum.DefaultInLabel (page 345) — If the tick is already defined

description()

Returns
the description of the variable

Return type
str

domain()

Returns
the domain of the variable as a string

Return type
str

domainSize()

Returns
the number of modalities in the variable domain

Return type
int
empty ()

Returns
True if the domain size < 2

Return type
bool

eraseTicks()
erase all the Ticks

Return type
None

2.2. Concrete classes for Random Discrete Variables
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index (label)

Parameters
label (str) — a label

Returns
the indice of the label

Return type
int
isEmpirical O
Return type
bool
isTick(aTick)
Parameters

aTick (float) — the Tick to be tested

Returns
True if the Tick already exists

Return type
bool

label (i)

Parameters
i (int) — the index of the label we wish to return

Returns
the indice-th label

Return type
str

Raises

pyAgrum. OQutOfBounds (page 349) — If the variable does not contain the label

labels()

Returns
a tuple containing the labels

Return type
tuple

name ()

Returns
the name of the variable

Return type
str

numerical (indice)

Parameters
indice (int) — an index

Returns
the numerical representation of the indice-th value

Return type
float
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setDescription(theValue)

set the description of the variable.

Parameters

theValue (str) — the new description of the variable

Return type
None

setEmpirical (srate)

Parameters
state (bool) —

Return type
None

setName (theValue)
sets the name of the variable.

Parameters

theValue (str) — the new description of the variable

Return type
None

stype()

Returns
a description of its type

Return type
str

tick(D)
Indicate the index of the Tick

Parameters
i (int) — the index of the Tick

Returns
aTick — the index-th Tick

Return type
float

Raises

pyAgrum.NotFound (page 348) — If the index is greater than the number of Ticks

ticks(

Returns
a tuple containing all the Ticks

Return type
tuple

toDiscretizedVar()

Returns
the discretized variable

Return type
pyAgrum.DiscretizedVariable (page 36)

Raises

pyAgrum.RuntimeError — If the variable is not a Discretized Variable

2.2,
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toIntegerVar()

Return type
IntegerVariable (page 40)

toLabelizedVar()

Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises
pyAgrum.RuntimeError — If the variable is not a Labelized Variable

toNumericalDiscreteVar()

Return type
NumericalDiscreteVariable (page 49)

toRangeVar ()

Returns
the range variable

Return type
pyAgrum.RangeVariable (page 45)

Raises
pyAgrum.RuntimeError — If the variable is not a RangeVariable

toStringWithDescription()

Returns
a description of the variable

Return type
str

varType()

returns the type of variable
Returns
the type of the variable.
0: DiscretizedVariable, 1: LabelizedVariable, 2: IntegerVariable, 3: RangeVariable, 4:

Return type
int

2.2.3 IntegerVariable

class pyAgrum.IntegerVariable(*args)
IntegerVariable is a discrete random variable with a customizable sequence of int.

IntegerVariable(aName, aDesc="", values) -> Integer Variable
Parameters:
¢ aName (str) — the name of the variable
* aDesc (str) — the (optional) description of the variable
* values (List[int]) — the values to create

IntegerVariable(aIDRYV) -> IntegerVariable
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Parameters:

* aIDRV (pyAgrum.IntegerVariable) — The pyAgrum.IntegerVariable that will be copied

Examples

>>> import pyAgrum as gum

>>> # creating a variable with 3 values : 1,34,142

>>> va=gum.IntegerVariable('a','a integer variable',6[1,34,142])

>>> print(va)

a:Integer(<1,34,142>)

>>> va.addValue(25)

(pyAgrum.IntegerVariable@®OO0001E4F5D07490) a:Integer(<1,25,34,142>)
>>> va.changelLabel (34,43)

>>> print(va)

a:Integer(<1,25,43,142>)

>>> vb=gum.IntegerVariable('b', 'b').addValue(34).addValue(142) .addValue(1l)
>>> print(vb)

b:Integer(<1,34,142>)

>>> vb.labels()

("1, '34', '142")

addValue (*args)
Add a value to the list of values for the variable.

Parameters
value (int) — the new value

Returns
the Integer variable

Return type
pyAgrum.IntegerVariable (page 40)

Raises
pyAgrum.DuplicateElement (page 345) — If the variable already contains the value

changeValue (old_value, new_value)

Parameters
¢ old_value (int) — the value to be changed
¢ new_value (int) — the new value

Return type
None

description()

Returns
the description of the variable

Return type
str

domain()

Returns
the domain of the variable

Return type
str
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domainSize()

Returns
the number of modalities in the variable domain

Return type
int

empty ()

Returns
True if the domain size < 2

Return type
bool

eraseValue (value)

Parameters
value (int) — the value to erase. If the value is not in the domain, the function does
nothing (no exception raised)

Return type
None

eraseValues()
Remove all the domain.

Return type
None

index (label)

Parameters
label (str) —alabel

Returns
the indice of the label

Return type
int
integerDomain()

Returns
the list of integer values that form the domain of this variable

Return type
list[int]

isValue (value)

Parameters
value (int) — the value to look at.

Returns
True if the value is in the domain.

Return type
bool

label (index)
Parameters
¢ i (int) — the index of the label we wish to return

e index (int) -
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Returns
the indice-th label

Return type
str

Raises

pyAgrum. OutOfBounds (page 349) — If the variable does not contain the label

labels()

Returns
a tuple containing the labels

Return type
tuple

name ()

Returns
the name of the variable

Return type
str

numerical (index)

Parameters
e indice (int) — an index
¢ index (int) —

Returns

the numerical representation of the indice-th value

Return type
float

setDescription(theValue)
set the description of the variable.

Parameters

theValue (str) — the new description of the variable

Return type
None

setName (theValue)
sets the name of the variable.

Parameters

theValue (str) — the new description of the variable

Return type
None

stype()

Returns
a description of its type

Return type
str

toDiscretizedVar()

Returns
the discretized variable

2.2,
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Return type
pyAgrum.DiscretizedVariable (page 36)

Raises
pyAgrum.RuntimeError — If the variable is not a Discretized Variable

toIntegerVar()

Return type
IntegerVariable (page 40)

toLabelizedVar()

Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises
pyAgrum.RuntimeError — If the variable is not a Labelized Variable

toNumericalDiscreteVar()

Return type
NumericalDiscreteVariable (page 49)

toRangeVar ()

Returns
the range variable

Return type
pyAgrum.RangeVariable (page 45)

Raises
pyAgrum.RuntimeError — If the variable is not a RangeVariable

toStringWithDescription()

Returns
a description of the variable

Return type
str

varType()

returns the type of variable
Returns
the type of the variable.
0: DiscretizedVariable, 1: LabelizedVariable, 2: IntegerVariable, 3: RangeVariable, 4:

Return type
int
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2.2.4 RangeVariable

class pyAgrum.RangeVariable(*args)

RangeVariable represents a variable with a range of integers as domain.
RangeVariable(aName, aDesc,minVal, maxVal) -> RangeVariable
Parameters:
e aName (str) — the name of the variable
 aDesc (str) — the description of the variable
* minVal (int) — the minimal integer of the interval
* maxVal (int) — the maximal integer of the interval
RangeVariable(aName, aDesc=") -> RangeVariable
Parameters:
e aName (str) — the name of the variable
* aDesc (str) — the description of the variable
By default minVal=0 and maxVal=1
RangeVariable(aRV) -> RangeVariable
Parameters:

» aDV (RangeVariable) — the pyAgrum.RangeVariable that will be copied

Examples

>>> import pyAgrum as gum

>>> vI=gum.RangeVariable('I','I in [4,10]',4,10)
>>> print(vI)

I:Range([4,10])

>>> vI.maxVal()

10

>>> vI.belongs(1l)

False

>>> # where is the value 5 ?

>>> vI.index('5")

1

>>> vI.labels()

('4', 's', 'e', '7', '8', '9', '10")

belongs (val)

Parameters
val (int) — the value to be tested

Returns
True if the value in parameters belongs to the variable’s interval.

Return type
bool

description()

Returns
the description of the variable

2.2. Concrete classes for Random Discrete Variables
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Return type
str

domain()

Returns
the domain of the variable

Return type
str

domainSize()

Returns
the number of modalities in the variable domain

Return type
int

empty ()

Returns
True if the domain size < 2

Return type
bool

index(arg2)

Parameters
arg2 (str) — alabel

Returns
the indice of the label

Return type
int

label (index)

Parameters

e indice (int) — the index of the label we wish to return

e index (int) -

Returns
the indice-th label

Return type
str

Raises

pyAgrum. OQutOfBounds (page 349) — If the variable does not contain the label

labels()

Returns
a tuple containing the labels

Return type
tuple

maxVal ()

Returns
the upper bound of the variable.

Return type
int
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minVal ()

Returns
the lower bound of the variable

Return type
int

name ()

Returns
the name of the variable

Return type
str

numerical (index)

Parameters
e indice (int) — an index
e index (int) —

Returns
the numerical representation of the indice-th value

Return type
float

setDescription(theValue)

set the description of the variable.

Parameters
theValue (str) — the new description of the variable

Return type
None

setMaxVal (maxVal)

Set a new value of the upper bound

Parameters
maxVal (int) — The new value of the upper bound

Warning: An error should be raised if the value is lower than the lower bound.

Return type
None

setMinVal (minVal)

Set a new value of the lower bound

Parameters
minVal (int) — The new value of the lower bound

Warning: An error should be raised if the value is higher than the upper bound.

Return type
None

2.2,
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setName (theValue)

sets the name of the variable.

Parameters
theValue (str) — the new description of the variable

Return type
None

stype()

Returns
a description of its type

Return type
str

toDiscretizedVar()

Returns
the discretized variable

Return type
pyAgrum.DiscretizedVariable (page 36)

Raises
pyAgrum.RuntimeError — If the variable is not a Discretized Variable

toIntegerVar()

Return type
IntegerVariable (page 40)

toLabelizedVar()

Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises
pyAgrum.RuntimeError — If the variable is not a Labelized Variable

toNumericalDiscreteVar()

Return type
NumericalDiscreteVariable (page 49)

toRangeVar ()

Returns
the range variable

Return type
pyAgrum.RangeVariable (page 45)

Raises
pyAgrum.RuntimeError — If the variable is not a RangeVariable

toStringWithDescription()

Returns
a description of the variable

Return type
str

48 Chapter 2. Random Variables



pyAgrum Documentation, Release 1.3.0

varType()

returns the type of variable
Returns
the type of the variable.
0: DiscretizedVariable, 1: LabelizedVariable, 2: IntegerVariable, 3: RangeVariable, 4:

Return type
int

2.2.5 NumericalDiscreteVariable

class pyAgrum.NumericalDiscreteVariable(*args)
addValue (*args)
Add a value to the list of values for the variable.

Parameters
value (float) — the new value

Returns
the Integer variable

Return type
pyAgrum.IntegerVariable (page 40)

Raises
pyAgrum.DuplicateElement (page 345) — If the variable already contains the value

changeValue (old_value, new_value)

Parameters
¢ old_value (float) —
¢ new_value (float) —

Return type
None

closestIndex(val)

Parameters
val (float) —

Return type
int

closestLabel (val)

Parameters
val (float) —

Return type
str

description()

Returns
the description of the variable

Return type
str
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domain()

Returns
the domain of the variable

Return type
str

domainSize()

Returns
the number of modalities in the variable domain

Return type
int

empty O

Returns
True if the domain size < 2

Return type
bool

eraseValue (value)

Parameters
value (float) —

Return type
None

eraseValues()

Return type
None

index (label)

Parameters
label (str)—alabel

Returns
the indice of the label

Return type
int
isValue (value)

Parameters
value (float) —

Return type
bool

label (index)

Parameters
¢ i (int) — the index of the label we wish to return
¢ index (int) -

Returns
the indice-th label

Return type
str
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Raises

pyAgrum.OutOfBounds (page 349) — If the variable does not contain the label

labels()

Returns
a tuple containing the labels

Return type
tuple

name ()

Returns
the name of the variable

Return type
str

numerical (index)

Parameters
¢ indice (int) — an index
¢ index (int) —

Returns

the numerical representation of the indice-th value

Return type
float

numericalDomain()

Return type
object

setDescription(theValue)

set the description of the variable.

Parameters

theValue (str) — the new description of the variable

Return type
None

setName (theValue)

sets the name of the variable.

Parameters

theValue (str) — the new description of the variable

Return type
None

stype()

Returns
a description of its type

Return type
str

toDiscretizedVar ()

Returns
the discretized variable

2.2,
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Return type
pyAgrum.DiscretizedVariable (page 36)

Raises
pyAgrum.RuntimeError — If the variable is not a Discretized Variable

toIntegerVar()

Return type
IntegerVariable (page 40)

toLabelizedVar()

Returns
the labelized variable

Return type
pyAgrum.LabelizedVariable (page 32)

Raises
pyAgrum.RuntimeError — If the variable is not a Labelized Variable

toNumericalDiscreteVar()

Return type
NumericalDiscreteVariable (page 49)

toRangeVar ()

Returns
the range variable

Return type
pyAgrum.RangeVariable (page 45)

Raises
pyAgrum.RuntimeError — If the variable is not a RangeVariable

toStringWithDescription()

Returns
a description of the variable

Return type
str

varType()

returns the type of variable
Returns
the type of the variable.
0: DiscretizedVariable, 1: LabelizedVariable, 2: IntegerVariable, 3: RangeVariable, 4:

Return type
int
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CHAPTER
THREE

POTENTIAL AND INSTANTIATION

pyAgrum.Potential (page 61) is a multi-dimensional array with a pyAgrum.DiscreteVariable (page 29)
associated to each dimension. It is used to represent probabilities and utilities tables in aGrUMs’ multidimensional
(graphical) models with some conventions.

» The data are stored by iterating over each variable in the sequence.

>>> a=gum.RangeVariable("A","variable A",1,3)

>>> b=gum.RangeVariable("B","variable B",1,2)

>>> p=gum.Potential().add(a).add(b).fillwith([1,2,3,4,5,6])
>>> print(p)

Il A |
B [11 [2 I3 |
—————— R B
1 [| 1.0000 | 2.0000 | 3.0000 |
2 [| 4.0000 | 5.0000 | 6.0000 |

e If a pyAgrum.Potential (page 61) with the sequence of pyAgrum.DiscreteVariable (page 29) X,Y,Z
represents a conditional probability Table (CPT), it will be P(X|Y,Z).

>>> print(p.normalizeAsCPT())
[ A |

.1667 | 0.3333 | 0.5000 |
.2667 | 0.3333 | 0.4000 |

[ZS]
[

e For addressing and looping in a pyAgrum.Potential (page 61) structure, pyAgrum provides
Instantiation class which represents a multi-dimensionnal index.

>>> I=gum.Instantiation(p)

>>> print(I)

<A:1|B:1>

>>> I.incQ) ;print(I)

<A:2|B:1>

>>> I.inc(Q;print(I)

<A:3|B:1>

>>> I.inc(Q);print(I)

<A:1|B:2>

>>> I.setFirst(Q;print(£"{I} -> {p.get(I)}")
<A:1|B:1> -> 0.16666666666666666

>>> I["B"]="2";print(£"{I} -> {p.get(I)}")
<A:1|B:2> -> 0.26666666666666666

e pyAgrum.Potential (page 61) include tensor operators (see for instance this notebook (http://www-
desir.lip6.fr/~phw/aGrUM/docs/last/notebooks/potentials.ipynb.html)).
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>>> c=gum.RangeVariable("C","variable C",1,5)
>>> g=gum.Potential().add(a).add(c).£fillWwith(1)
>>> print(p+q)

[l A I
C IB 11 |2 I3 I
—————— R | et e e RS e PR
1 |1 [| 1.1667 | 1.3333 | 1.5000 |
2 |1 [| 1.1667 | 1.3333 | 1.5000 |
3 |1 [| 1.1667 | 1.3333 | 1.5000 |
4 |1 [l 1.1667 | 1.3333 | 1.5000 |
5 |1 [| 1.1667 | 1.3333 | 1.5000 |
1 | 2 || 1.2667 | 1.3333 | 1.4000 |
2 |2 [| 1.2667 | 1.3333 | 1.4000 |
3 | 2 [| 1.2667 | 1.3333 | 1.4000 |
4 |2 [| 1.2667 | 1.3333 | 1.4000 |
5 |2 [| 1.2667 | 1.3333 | 1.4000 |
>>> print((p*q) .margSumOut(["B","C"])) # marginalize p*q over B and C(using sum)
A |
1 | 2 |3 |

2.1667 | 3.3333 | 4.5000 |

3.1 Instantiation

class pyAgrum.Instantiation(*args)

Class for assigning/browsing values to tuples of discrete variables.

Instantiation is designed to assign values to tuples of variables and to efficiently loop over values of subsets
of variables.

Instantiation() -> Instantiation
default constructor

Instantiation(al) -> Instantiation
Parameters:

* al (pyAgrum.Instantiation) — the Instantiation we copy

Returns
* pyAgrum.Instantiation — An empty tuple or a copy of the one in parameters

* [nstantiation is subscriptable therefore values can be easily accessed/modified.

Examples

>>> ## Access the value of A in an instantiation al
>>> valueOfA = aI['A']

>>> ## Modify the value

>>> aI['A'] = newValueOfA

add(v)
Adds a new variable in the Instantiation.
Parameters

Vv (pyAgrum.DiscreteVariable (page 29)) — The new variable added to the Instantia-
tion
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Raises
DuplicateElement (page 345) — If the variable is already in this Instantiation

Return type
None

addVarsFromModel (model, names)

From a graphical model, add all the variable whose names are in the iterable
Parameters
¢ model (pyAgrum.GraphicalModel) —
¢ network (Markov) —
* network —
e Diagram (Influence) —
e etc. —
e names (iterable of strings)-—
e string) (a list/set/etc of names of variables (as)-
Returns
» pyAgrum.Instantiation
e the current instantiation (self) in order to chain methods.
chgVal (*args)
Assign newval to v (or to the variable at position varPos) in the Instantiation.
Parameters

e v(pyAgrum.DiscreteVariable (page 29) or string)- The variable whose value
is assigned (or its name)

e varPos (int) — The index of the variable whose value is assigned in the tuple of
variables of the Instantiation

e newval (int or string)- The index of the value assigned (or its name)

Returns
The modified instantiation

Return type
pyAgrum.Instantiation (page 54)

Raises
* NotFound (page 348) — If variable v does not belong to the instantiation.
* OutOfBounds (page 349) — If newval is not a possible value for the variable.

clear()

Erase all variables from an Instantiation.

Return type
None

contains(*args)
Indicates whether a given variable belongs to the Instantiation.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable for which the test is made.

Returns
True if the variable is in the Instantiation.
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Return type
bool

decO
Operator —.

Return type
None

decIn(i)

Operator — for the variables in i.

Parameters
i (pyAgrum.Instantiation (page 54)) — The set of variables to decrement in this In-
stantiation

Return type
None

decNotVar (v)

Operator — for vars which are not v.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable not to decrement in this
Instantiation.

Return type
None

decOut (i)

Operator — for the variables not in i.

Parameters
i (pyAgrum.Instantiation (page 54)) — The set of variables to not decrement in this
Instantiation.

Return type
None

decVar (v)

Operator — for variable v only.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable to decrement in this Instan-
tiation.

Raises
NotFound (page 348) — If variable v does not belong to the Instantiation.

Return type
None

domainSize()

Returns
The product of the variable’s domain size in the Instantiation.

Return type
int
empty O

Returns
True if the instantiation is empty.

Return type
bool
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end()

Returns
True if the Instantiation reached the end.

Return type
bool

erase(*args)
Parameters

v (pyAgrum.DiscreteVariable (page 29)) — The variable to be removed from this
Instantiation.

Raises
NotFound (page 348) — If v does not belong to this Instantiation.

Return type
None

fromdict (dict)

Change the values in an instantiation from a dictionary {variable_name:value} where value can be a
position (int) or a label (string).

If a variable_name does not occur in the instantiation, nothing is done.

Warning: OutOfBounds raised if a value cannot be found.

Parameters
dict (object) -
Return type

None

hamming ()

Returns
the hamming distance of this instantiation.

Return type
int

inOverflow()

Returns
True if the current value of the tuple is correct

Return type
bool
inc(O
Operator ++.
Return type
None
incIn(i)
Operator ++ for the variables in i.
Parameters

i (pyAgrum.Instantiation (page 54)) — The set of variables to increment in this In-
stantiation.

Return type
None
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incNotVar (v)

Operator ++ for vars which are not v.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable not to increment in this In-
stantiation.

Return type
None

incOut (i)
Operator ++ for the variables not in i.

Parameters
i (Instantiation (page 54)) — The set of variable to not increment in this Instantiation.

Return type
None

incVar(v)

Operator ++ for variable v only.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable to increment in this Instan-
tiation.

Raises
NotFound (page 348) — If variable v does not belong to the Instantiation.

Return type
None

isMutable()

Return type
bool

nbrDim()

Returns
The number of variables in the Instantiation.
Return type
int
pos(v)
Returns
the position of the variable v.
Return type
int
Parameters

v (pyAgrum.DiscreteVariable (page 29)) — the variable for which its position is re-
turn.

Raises
NotFound (page 348) — If v does not belong to the instantiation.

rend()

Returns
True if the Instantiation reached the rend.

Return type
bool
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reorder (*args)

Reorder vars of this instantiation giving the order in v (or i).
Parameters

e i (pyAgrum.Instantiation (page 54)) — The sequence of variables with which to
reorder this Instantiation.

e v (1ist) — The new order of variables for this Instantiation.

Return type
None

setFirst()
Assign the first values to the tuple of the Instantiation.

Return type
None
setFirstIn(i)

Assign the first values in the Instantiation for the variables in i.

Parameters
i (pyAgrum.Instantiation (page 54)) — The variables to which their first value is
assigned in this Instantiation.

Return type
None

setFirstNotVar(v)

Assign the first values to variables different of v.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable that will not be set to its first
value in this Instantiation.

Return type
None

setFirstOut (i)

Assign the first values in the Instantiation for the variables not in i.

Parameters
i (pyAgrum.Instantiation (page 54)) — The variable that will not be set to their first
value in this Instantiation.

Return type
None
setFirstVar(v)
Assign the first value in the Instantiation for var v.
Parameters

v (pyAgrum.DiscreteVariable (page 29)) — The variable that will be set to its first
value in this Instantiation.

Return type
None

setLast()
Assign the last values in the Instantiation.

Return type
None
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setLastIn(i)
Assign the last values in the Instantiation for the variables in i.
Parameters

i (pyAgrum.Instantiation (page 54)) — The variables to which their last value is as-
signed in this Instantiation.

Return type
None
setLastNotVar(v)

Assign the last values to variables different of v.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable that will not be set to its last
value in this Instantiation.

Return type
None
setLastOut (i)
Assign the last values in the Instantiation for the variables not in i.
Parameters

i (pyAgrum.Instantiation (page 54)) — The variables that will not be set to their last
value in this Instantiation.

Return type
None
setLastVar(v)
Assign the last value in the Instantiation for var v.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable that will be set to its last
value in this Instantiation.

Return type
None

setMutable()

Return type
None
setVals (i)
Assign the values from i in the Instantiation.
Parameters

i (pyAgrum.Instantiation (page 54)) — An Instantiation in which the new values are
searched

Returns
a reference to the instantiation

Return type
pyAgrum.Instantiation (page 54)
todict (withLabels=True)
Create a dictionary {variable_name:value} from an instantiation
Parameters

withLabels (boolean) — The value will be a label (string) if True. It will be a position
(int) if False.

Returns
The dictionary
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Return type
Dict|[str,int]

unsetEnd ()
Alias for unsetOverflow().

Return type
None

unsetOverflow()

Removes the flag overflow.

Return type
None

val (*args)

Parameters
e i (int) — The index of the variable.

e var (pyAgrum.DiscreteVariable (page 29)) — The variable the value of which we
wish to know

Returns
the current value of the variable.

Return type
int

Raises
NotFound (page 348) — If the element cannot be found.

variable(*args)

Parameters
i (int) — The index of the variable

Returns
the variable at position i in the tuple.

Return type
pyAgrum.DiscreteVariable (page 29)

Raises
NotFound (page 348) — If the element cannot be found.

variablesSequence()

Returns
a list containing the sequence of variables

Return type
list

3.2 Potential

class pyAgrum.Potential (*args)

Class representing a potential.

Potential() -> Potential
default constructor

Potential(src) -> Potential

Parameters:
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* src (pyAgrum.Potential) — the Potential to copy

KL (p)
Check the compatibility and compute the Kullback-Leibler divergence between the potential and.
Parameters
p (pyAgrum.Potential (page 61)) — the potential from which we want to calculate the
divergence.
Returns

The value of the divergence

Return type
float

Raises

e pyAgrum.InvalidArgument (page 347) — If p is not compatible with the potential
(dimension, variables)

e pyAgrum.FatalError (page 346) — If a zero is found in p or the potential and not in
the other.

abs()

Apply abs on every element of the container

Returns
a reference to the modified potential.

Return type
pyAgrum.Potential (page 61)

add(v)

Add a discrete variable to the potential.

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — the var to be added

Raises
e DuplicateElement (page 345) — If the variable is already in this Potential.
e InvalidArgument (page 347) — If the variable is empty.

Returns
a reference to the modified potential.

Return type
pyAgrum.Potential (page 61)

argmax()

Returns
the list of positions of the max and the max of all elements in the Potential

Return type
Tuple[Dict[str,int],float]

argmin()

Returns
the list of positions of the min and the min of all elements in the Potential

Return type
Tuple[Dict[str,int],float]
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contains(v)

Parameters
v (pyAgrum.Potential (page 61)) — a DiscreteVariable.

Returns
True if the var is in the potential

Return type
bool

domainSize()

Return type
int

draw()

draw a value using the potential as a probability table.

Returns
the index of the drawn value

Return type
int

empty ()

Returns
Returns true if no variable is in the potential.

Return type
bool

entropy()

Returns
the entropy of the potential

Return type
float

extract (*args)

create a new Potential extracted from self given a partial instantiation.
Parameters
e inst (pyAgrum.instantiation) — a partial instantiation

e dict (Dict[str,str|int])-adictionnary containing values for some discrete vari-
ables.

Warning: if the dictionnary contains a key that is not the name of a variable in the pyA-
grum.Potential, this key is just not used without notification. Then pyAgrum.Potential.extract con-
cerns only the variables that both are in the Potential and in the dictionnary.

Returns
the new Potential

Return type
pyAgrum.Potential (page 61)

fillWith(*args)
Automatically fills the potential with v.
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Parameters
v (number or list or pyAgrum.Potential the number of parameters of
the Potential) — a value or a list/pyAgrum.Potential containing the values to fill the
Potential with.

Warning: if vis alist, the size of the list must be the if v is a pyAgrum.Potential. It must to contain
variables with exactly the same names and labels but not necessarily the same variables.

Returns
a reference to the modified potentia

Return type
pyAgrum.Potential (page 61)

Raises
pyAgrum. SizeError (page 349) — If v size’s does not matches the domain size.

fillWithFunction(s, noise=None)
Automatically fills the potential as a (quasi) deterministic CPT with the evaluation of the expression s.

The expression s gives a value for the first variable using the names of the last variables. The computed
CPT is deterministic unless noise is used to add a ‘probabilistic’ noise around the exact value given by
the expression.

Examples

>>> import pyAgrum as gum
>>> bn=gum. fastBN("A[3]->B[3]<-C[3]1")
>>> bn.cpt("B").£fillWithFunction(" (A+C)/2")

Parameters

* s (str)—an expression using the name of the last variables of the Potential and giving
a value to the first variable of the Potential

* noise (list) — an (odd) list of numerics giving a pattern of ‘probabilistic noise’
around the value.

Warning: The expression may have any numerical values, but will be then transformed to the
closest correct value for the range of the variable.

Returns
a reference to the modified potential

Return type
pyAgrum.Potential (page 61)

Raises
e pyAgrum.InvalidArgument (page 347) —
e If the first variable is Labelized or Integer, or if the len of

the noise is not odd. —

findAll(v)

Parameters
v (float) —
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Return type
List[Dict[str, int]]

get()

Parameters
i (pyAgrum.Instantiation (page 54)) — an Instantiation

Returns
the value in the Potential at the position given by the instantiation

Return type
float

inverse()

Return type
Potential (page 61)

isNonZeroMap ()

Returns
a boolean-like potential using the predicate isNonZero

Return type
pyAgrum.Potential (page 61)

log2(O
log2 all the values in the Potential

nan values are assigned.

Warning: When the Potential contains 0 or negative values, no exception are raised but -inf or

Return type
Potential (page 61)

loopIn()
Generator to iterate inside a Potential.

Yield an pyAgrum.Instantiation that iterates over all the possible values for the pyAgrum.Potential

Examples

>>> import pyAgrum as gum

>>> bn=gum. fastBN("A[3]->B[3]<-C[3]")

>>> for i in bn.cpt("B").loopIn():
print(i)
print(bn.cpt("B").get(i))
bn.cpt("B").set(i,0.3)

margMaxIn(varnames)

Projection using max as operation.

Parameters
varnames (set) — the set of vars to keep

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)
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margMaxOut (varnames)

Projection using max as operation.

Parameters
varnames (set) — the set of vars to eliminate

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)

Raises

pyAgrum. InvalidArgument (page 347) — If varnames contains only one variable that

does not exist in the Potential

margMinIn(varnames)

Projection using min as operation.

Parameters
varnames (set) — the set of vars to keep

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)

margMinOut (varnames)

Projection using min as operation.

Parameters
varnames (set) — the set of vars to eliminate

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)

the Potential

Warning: InvalidArgument raised if varnames contains only one variable that does not exist in

margProdIn(varnames)

Projection using multiplication as operation.

Parameters
varnames (set) — the set of vars to keep

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)

margProdOut (varnames)

Projection using multiplication as operation.

Parameters
varnames (set) — the set of vars to eliminate

Returns
the projected Potential
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Return type
pyAgrum.Potential (page 61)

Raises
pyAgrum. InvalidArgument (page 347) — If varnames contains only one variable that
does not exist in the Potential

margSumIn(varnames)

Projection using sum as operation.

Parameters
varnames (set) — the set of vars to keep

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)

margSumOut (varnames)

Projection using sum as operation.

Parameters
varnames (set) — the set of vars to eliminate

Returns
the projected Potential

Return type
pyAgrum.Potential (page 61)

Raises
pyAgrum. InvalidArgument (page 347) — If varnames contains only one variable that
does not exist in the Potential

max()

Returns
the maximum of all elements in the Potential

Return type
float

maxNonOne ()

Returns
the maximum of non one elements in the Potential

Return type
float

Raises
pyAgrum.NotFound (page 348) — If all value == 1.0

min()

Returns
the min of all elements in the Potential

Return type
float

minNonZero ()

Returns
the min of non zero elements in the Potential
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Return type
float

Raises
pyAgrum.NotFound (page 348) — If all value == 0.0

property names

Returns

a list containing the name of each variables in the potential

Return type
list

Warning: listed in the reverse order of the enumeration order of the variables.

nbrDim(*args)

Returns
the number of vars in the multidimensional container.

Return type
int

newFactory()

Erase the Potential content and create a new empty one.

Returns
a reference to the new Potential

Return type
pyAgrum.Potential (page 61)

new_abs()

Return type
Potential (page 61)

new_log2()

Return type
Potential (page 61)

new_sq(Q)

Return type
Potential (page 61)

noising(alpha)

Parameters
alpha (float) —

Return type
Potential (page 61)

normalize()
Normalize the Potential (do nothing if sum is 0)

Returns
a reference to the normalized Potential

Return type
pyAgrum.Potential (page 61)
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normalizeAsCPT (varld=0)
Normalize the Potential as a CPT

Returns
a reference to the normalized Potential

Return type
pyAgrum.Potential (page 61)

Raises
pyAgrum.FatalError (page 346) — If some distribution sums to 0

Parameters
varld (int) —

pos(v)

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable for which the index is re-
turned.

Return type
Returns the index of a variable.

Raises
pyAgrum.NotFound (page 348) — If v is not in this multidimensional matrix.

product ()

Returns
the product of all elements in the Potential

Return type
float

putFirst (varname)

Parameters

e v(pyAgrum.DiscreteVariable (page 29)) — The variable for which the index should
be 0.

e varname (str) —

Returns
a reference to the modified potential

Return type
pyAgrum.Potential (page 61)

Raises
pyAgrum. InvalidArgument (page 347) — If the var is not in the potential

random()

Return type
Potential (page 61)

randomCPT ()

Return type
Potential (page 61)

randomDistribution()

Return type
Potential (page 61)
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remove (var)

Parameters
v (pyAgrum.DiscreteVariable (page 29)) — The variable to be removed

Returns
a reference to the modified potential

Return type
pyAgrum.Potential (page 61)

Warning: IndexError raised if the var is not in the potential

Parameters
var (DiscreteVariable (page 29)) —

reorganize (*args)

Create a new Potential with another order.

Returns
varnames — a list of the var names in the new order

Return type
list

Returns
a reference to the modified potential

Return type
pyAgrum.Potential (page 61)

scale(v)

Create a new potential multiplied by v.

Parameters
v (float) — a multiplier

Return type
a reference to the modified potential

set (i, value)
Change the value pointed by i

Parameters
e i (pyAgrum.Instantiation (page 54)) — The Instantiation to be changed
¢ value (float) — The new value of the Instantiation

Return type
None

property shape

Returns
a list containing the dimensions of each variables in the potential

Return type
list

Warning: p.shape and p/:].shape list the dimensions in different order
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sqO)
Square all the values in the Potential

Return type
Potential (page 61)

sum()

Returns
the sum of all elements in the Potential

Return type
float

property thisown
The membership flag

toarray()

Returns
the potential as an array

Return type
array

toclipboard(**kwargs)

Write a text representation of object to the system clipboard. This can be pasted into spreadsheet, for
instance.

tolatex()
Render object to a LaTeX tabular.

Requires to include booktabs package in the LaTeX document.

Returns
the potential as LaTeX string

Return type
str

tolist()

Returns
the potential as a list

Return type
list

topandas ()

Returns
the potential as an pandas.DataFrame

Return type
pandas.DataFrame

translate(v)

Create a new potential added with v.

Parameters
v (float) — The value to be added

Return type
a reference to the modified potential
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property var_dims

Returns
a list containing the dimensions of each variables in the potential

Return type
list

Warning: This methods is deprecated. Please use gum.Potential.shape and note the change in the
order !

var_dims return a list in the reverse order of the enumeration order of the variables.

property var_names

Returns
a list containing the name of each variables in the potential

Return type
list

Warning: This methods is deprecated. Please use gum.Potential.names and note the change in
the order !

var_names return a list in the reverse order of the enumeration order of the variables.

variable (*args)

Parameters
i (int) — An index of this multidimensional matrix.

Return type
the varible at the ith index

Raises
pyAgrum.NotFound (page 348) — If i does not reference a variable in this multidimen-
sional matrix.

variablesSequence()

Returns
a list containing the sequence of variables

Return type
list
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The Bayesian network is the main graphical model of pyAgrum. A Bayesian network is a directed probabilistic
graphical model based on a DAG. It represents a joint distribution over a set of random variables. In pyAgrum, the
variables are (for now) only discrete.

A Bayesian network uses a directed acyclic graph (DAG) to represent conditional independence in the joint dis-
tribution. These conditional independence allow to factorize the joint distribution, thereby allowing to compactly
represent very large ones.

P(Xq,--,Xp) = H P(X;|Parents(X;))

i=1

Moreover, inference algorithms can also use this graph to speed up the computations. Finally, the Bayesian net-
works can be learnt from data.

Tutorial
* Tutorials on Bayesian network

Reference
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4.1 Model

class pyAgrum.BayesNet (*args)

BayesNet represents a Bayesian network.
BayesNet(name=") -> BayesNet
Parameters:
* name (str) — the name of the Bayes Net
BayesNet(source) -> BayesNet
Parameters:
* source (pyAgrum.BayesNet) — the Bayesian network to copy

add (*args)
Add a variable to the pyAgrum.BayesNet.

Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — the variable added
* descr (str) — the description of the variable (following fust syntax (page 336))
¢ nbrmod (int) — the number of modalities for the new variable
e id (int) - the variable forced id in the pyAgrum.BayesNet

Returns
the id of the new node

Return type
int
Raises

e pyAgrum.DuplicateLabel (page 346) — If variable.name() or id is already used in
this pyAgrum.BayesNet.

¢ pyAgrum.NotAllowed — If nbrmod is less than 2

addAMPLITUDE (var)
Others aggregators

Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
e var (DiscreteVariable (page 29)) —

Returns
the id of the added value

Return type
int

addAND (var)
Add a variable, it’s associate node and an AND implementation.

The id of the new variable is automatically generated.
Parameters
¢ variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy.
e var (DiscreteVariable (page 29)) —

Returns
the id of the added variable.
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Return type
int
Raises
pyAgrum. SizeError (page 349) — If variable.domainSize()>2

addArc (*args)
Add an arc in the BN, and update arc.head’s CPT.

Parameters
e head (Union[int,str]) — a variable’s id (int) or name
¢ head - a variable’s id (int) or name
Raises
e pyAgrum.InvalidEdge (page 347) — If arc.tail and/or arc.head are not in the BN.
e pyAgrum.DuplicateElement (page 345) — If the arc already exists.

Return type
None

addArcs (listArcs)

add a list of arcs in te model.

Parameters
listArcs (List[Tuple[intstr,intstr]]) — the list of arcs

addCOUNT (var, value=1)
Others aggregators

Parameters
» variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
e var (DiscreteVariable (page 29)) —
e value (int) —

Returns
the id of the added value

Return type
int

addEXISTS (var, value=1)
Others aggregators

Parameters
» variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
e var (DiscreteVariable (page 29)) —
e value (int) -

Returns
the id of the added value

Return type
int
addFORALL (var, value=1)
Others aggregators

Parameters

e variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
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» var (DiscreteVariable (page 29)) —
e value (int) -

Returns
the id of the added variable.

Return type
int

addLogit (*args)
Add a variable, its associate node and a Logit implementation.

(The id of the new variable can be automatically generated.)
Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy
¢ externalWeight (fIloat) — the added external weight
e id (int) — The proposed id for the variable.

Returns
the id of the added variable.

Return type
int

Raises
pyAgrum.DuplicateElement (page 345) — If id is already used

addMAX (var)
Others aggregators

Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
e var (DiscreteVariable (page 29)) —

Returns
the id of the added value

Return type
int

addMEDIAN (var)
Others aggregators

Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
e var (DiscreteVariable (page 29)) —

Returns
the id of the added value

Return type
int

addMIN(var)
Others aggregators

Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added

e var (DiscreteVariable (page 29)) —
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Returns
the id of the added value

Return type
int

addNoisyAND (*args)
Add a variable, its associate node and a noisyAND implementation.
(The id of the new variable can be automatically generated.)

Parameters

e variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy
* externalWeight (fIoat) — the added external weight
e id (int) — The proposed id for the variable.

Returns
the id of the added variable.

Return type
int

Raises
pyAgrum.DuplicateElement (page 345) — If id is already used

addNoisyOR(*args)
Add a variable, it’s associate node and a noisyOR implementation.

Since it seems that the ‘classical’ noisyOR is the Compound noisyOR, we keep the addNoisyOR as an
alias for addNoisyORCompound.

(The id of the new variable can be automatically generated.)

Parameters

» variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy
* externalWeight (float) — the added external weight
e id (int) — The proposed id for the variable.

Returns
the id of the added variable.

Return type
int
Raises
pyAgrum.DuplicateElement (page 345) — If id is already used
addNoisyORCompound ( *args)

Add a variable, it’s associate node and a noisyOR implementation.

Since it seems that the ‘classical’ noisyOR is the Compound noisyOR, we keep the addNoisyOR as an
alias for addNoisyORCompound.

(The id of the new variable can be automatically generated.)
Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy
¢ externalWeight (fIloat) — the added external weight
¢ id (int) — The proposed id for the variable.

Returns
the id of the added variable.
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Return type
int
Raises
pyAgrum.DuplicateElement (page 345) — If id is already used
addNoisyORNet (*args)

Add a variable, its associate node and a noisyOR implementation.

Since it seems that the ‘classical’ noisyOR is the Compound noisyOR, we keep the addNoisyOR as an
alias for addNoisyORCompound.

(The id of the new variable can be automatically generated.)

Parameters

e variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy
¢ externalWeight (float) — the added external weight
¢ id (int) — The proposed id for the variable.

Returns
the id of the added variable.

Return type
int

addoR (var)

Add a variable, it’s associate node and an OR implementation.

The id of the new variable is automatically generated.

Warning: If parents are not boolean, all value>1 is True

Parameters
e variable (pyAgrum.DiscreteVariable (page 29)) — The variable added by copy
» var (DiscreteVariable (page 29)) —

Returns
the id of the added variable.

Return type
int
Raises

pyAgrum. SizeError (page 349) — If variable.domainSize()>2

addSUM (var)
Others aggregators

Parameters
* variable (pyAgrum.DiscreteVariable (page 29)) — the variable to be added
e var (DiscreteVariable (page 29)) —

Returns
the id of the added value

Return type
int
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addStructurelListener (whenNodeAdded=None, whenNodeDeleted=None, whenArcAdded=None,
whenArcDeleted=None)

Add the listeners in parameters to the list of existing ones.
Parameters
¢ whenNodeAdded (1ambda expression) — a function for when a node is added
¢ whenNodeDeleted (1ambda expression) — a function for when a node is removed
¢ whenArcAdded (1ambda expression) — a function for when an arc is added
¢ whenArcDeleted (1ambda expression) — a function for when an arc is removed

addVariables (listFastVariables, default_nbr_mod=2)
Add a list of variable in the form of ‘fast’ syntax.

Parameters
* listFastVariables (List[str]) — the list of variables in ‘fast’ syntax.

¢ default_nbr_mod (int) — the number of modalities for the variable if not specified
following fast syntax (page 336). Note that default_nbr_mod=1 is mandatory to create
variables with only one modality (for utility for instance).

Returns
the list of created ids.

Return type
List[int]

addWeightedArc(*args)
Add an arc in the BN, and update arc.head’s CPT.

Parameters
e head (Union[int,str]) — a variable’s id (int) or name
e tail (Union[int,str]) —a variable’s id (int) or name
¢ causalWeight (float) — the added causal weight
Raises
e pyAgrum.InvalidArc (page 346) — If arc.tail and/or arc.head are not in the BN.
e pyAgrum.InvalidArc (page 346) — If variable in arc.head is not a NoisyOR variable.

Return type
None

ancestors (norid)

Parameters
norid (object) -

Return type
object

arcs()

Returns
The lisf of arcs in the [BayesNet

Return type
list
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beginTopologyTransformation()

When inserting/removing arcs, node CPTs change their dimension with a cost in time. begin Multiple
Change for all CPTs These functions delay the CPTs change to be done just once at the end of a se-
quence of topology modification, begins a sequence of insertions/deletions of arcs without changing
the dimensions of the CPTs.

Return type
None

changePotential (*args)
change the CPT associated to nodeld to newPot delete the old CPT associated to nodeld.
Parameters
e var (Union[int,str]) — the current name or the id of the variable
* newPot (pyAgrum.Potential (page 61)) — the new potential

Raises
pyAgrum.NotAllowed — If newPot has not the same signature as __probaMap[Nodeld]

Return type
None

changeVariableLabel (*args)

change the label of the variable associated to nodeld to the new value.
Parameters
e var (Union[int,str]) — the current name or the id of the variable
e 0ld_label (str) — the new label
¢ new_label (str) — the new label

Raises

pyAgrum.NotFound (page 348) — if id/name is not a variable or if old_label does not
exist.

Return type
None

changeVariableName (*args)

Changes a variable’s name in the pyAgrum.BayesNet.
This will change the “pyAgrum.DiscreteVariable” names in the pyAgrum.BayesNet.
Parameters
e var (Union[int,str]) — the current name or the id of the variable
¢ new_name (str) — the new name of the variable
Raises

e pyAgrum.DuplicateLabel (page 346) — If new_name is already used in this
BayesNet.

e pyAgrum.NotFound (page 348) — If no variable matches id.

Return type
None

check ()

Return type
List[str]
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children(norid)

Parameters
¢ id (int) — the id of the parent
e norid (object) -

Returns
the set of all the children

Return type
Set

clear()
Clear the whole BayesNet

Return type
None

completeInstantiation()
Return type
Instantiation (page 54)
connectedComponents ()

connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])
cpt(*args)
Returns the CPT of a variable.

Parameters
VarId (Union[int,str]) — a variable’s id (int) or name

Returns
The variable’s CPT.

Return type
pyAgrum.Potential (page 61)

Raises
pyAgrum.NotFound (page 348) — If no variable’s id matches varld.

dag()
Returns
a constant reference to the dag of this BayesNet.
Return type
pyAgrum.DAG (page 9)
descendants (norid)

Parameters
norid (object) —
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Return type
object

dimQO

Returns the dimension (the number of free parameters) in this BayesNet.

Returns
the dimension of the BayesNet

Return type
int

empty ()

Return type
bool

endTopologyTransformation()

Terminates a sequence of insertions/deletions of arcs by adjusting all CPTs dimensions. End Multiple

Change for all CPTs.

Return type
pyAgrum.BayesNet (page 74)
erase(*args)
Remove a variable from the pyAgrum.BayesNet.

Removes the corresponding variable from the pyAgrum.BayesNet and from all of it’s children pyA-

grum.Potential.
If no variable matches the given id, then nothing is done.

Parameters
var (Union[int,str,pyAgrum.DiscreteVariable (page 29)]) — the current name,
the id of the variable or a reference to the variable

Return type
None

eraseArc(*args)
Removes an arc in the BN, and update head’s CTP.

If (tail, head) doesn’t exist, the nothing happens.
Parameters
e arc (pyAgrum.Arc when calling eraseArc(arc))— The arc to be removed.

e head (Union[int,str]) — a variable’s id (int) or name for the head when calling
eraseArc(head,tail)

e tail (Union[int,str]) — a variable’s id (int) or name for the tail when calling
eraseArc(head,tail)

Return type
None

exists(node)

Parameters
node (int) —

Return type
bool

existsArc(*args)

Return type
bool
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family (norid)

Parameters
norid (object) -

Return type
object

static fastPrototype (dotlike, domainSize=2)

Create a Bayesian network with a dot-like syntax which specifies:
¢ the structure ‘a->b->c;b->d<-e;’.
* the type of the variables with different syntax:

— by default, a variable is a pyAgrum.RangeVariable using the default domain size (second
argument)

— with ‘a[10]’, the variable is a pyAgrum.RangeVariable using 10 as domain size (from O to
9)

— with ‘a[3,7]’, the variable is a pyAgrum.RangeVariable using a domainSize from 3 to 7

— with ‘a[1,3.14,5,6.2]", the variable is a pyAgrum.Discretized Variable using the given ticks
(at least 3 values)

— with ‘a{top|middle|bottom}’, the variable is a pyAgrum.LabelizedVariable using the given
labels.

— with ‘a{-1|5]|0[3}, the variable is a pyAgrum.IntegerVariable using the sorted given values.

— with ‘a{-0.5[5.01]0|3.1415}", the variable is a pyAgrum.NumericalDiscreteVariable using
the sorted given values.

Note:

« If the dot-like string contains such a specification more than once for a variable, the first specifi-
cation will be used.

¢ the CPTs are randomly generated.

* see also pyAgrum.fastBN.

Examples

>>> import pyAgrum as gum
>>> bn=pyAgrum.BayesNet.fastPrototype('A->B[1,3]<-C{yes|No}->D[2,4]<-E[1,2.5,
-3.9]',6)

Parameters
* dotlike (str) — the string containing the specification
¢ domainSize (int) — the default domain size for variables

Returns
the resulting Bayesian network

Return type
pyAgrum.BayesNet (page 74)
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generateCPT (*args)

Randomly generate CPT for a given node in a given structure.

Parameters
node (Union[int,str]) — a variable’s id (int) or name

Return type
None

generateCPTs()

Randomly generates CPTs for a given structure.

Return type
None

hasSameStructure (other)

Parameters
pyAgrum.DAGmodel - a direct acyclic model

Returns
True if all the named node are the same and all the named arcs are the same

Return type
bool

idFromName (name)

Returns a variable’s id given its name in the graph.

Parameters
name (str) — The variable’s name from which the id is returned.

Returns
The variable’s node id.

Return type
int
Raises
pyAgrum.NotFound (page 348) — If name does not match a variable in the graph

ids (names)
isIndependent (*args)

Return type
bool

jointProbability (i)
Parameters
i (pyAgrum. instantiation) — an instantiation of the variables

Returns
a parameter of the joint probability for the BayesNet

Return type
float

Warning: a variable not present in the instantiation is assumed to be instantiated to 0

loadBIF (*args)
Load a BIF file.

Parameters
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e name (str) — the file’s name

¢ 1 (1ist) - list of functions to execute

Raises

e pyAgrum. IOError (page 346) — If file not found

e pyAgrum.FatalError (page 346) — If file is not valid

Return type
str

loadBIFXML (*args)
Load a BIFXML file.

Parameters
* name (str) — the name’s file
¢ 1 (1ist) - list of functions to execute
Raises
» pyAgrum.IOError (page 346) — If file not found

e pyAgrum.FatalError (page 346) — If file is not valid

Return type
str

loadDSL (*args)
Load a DSL file.
Parameters
e name (str) — the file’s name
e 1 (1ist) - list of functions to execute
Raises
e pyAgrum.IOError (page 346) — If file not found

e pyAgrum.FatalError (page 346) — If file is not valid

Return type
str

loadNET (*args)
Load a NET file.

Parameters
e name (str) — the name’s file

e 1 (1ist) - list of functions to execute

Raises

e pyAgrum.IOError (page 346) — If file not found

e pyAgrum.FatalError (page 346) — If file is not valid

Return type
str

loadO3PRM(*args)
Load an O3PRM file.
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Warning: The O3PRM language is the only language allowing to manipulate not only Discretized-
Variable but also RangeVariable and Labelized Variable.

Parameters

e name (str) — the file’s name

* system (str) — the system’s name

¢ classpath (str) — the classpath

¢ 1 (1ist) - list of functions to execute
Raises

e pyAgrum. IOError (page 346) — If file not found

e pyAgrum.FatalError (page 346) — If file is not valid
Return type

str

loadUAI (*args)
Load an UALI file.

Parameters
e name (str) — the name’s file
e 1 (1ist) - list of functions to execute
Raises
e pyAgrum. IOError (page 346) — If file not found
e pyAgrum.FatalError (page 346) — If file is not valid

Return type
str

log10DomainSize()

Return type
float

log2JointProbability (i)

Parameters
i (pyAgrum.instantiation) — an instantiation of the variables

Returns
a parameter of the log joint probability for the BayesNet

Return type
float

Warning: a variable not present in the instantiation is assumed to be instantiated to 0

maxNonOneParam()

Returns
The biggest value (not equal to 1) in the CPTs of the BayesNet

Return type
float
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maxParam()

Returns
the biggest value in the CPTs of the BayesNet

Return type
float

maxVarDomainSize()

Returns
the biggest domain size among the variables of the BayesNet

Return type
int

minNonZeroParam()

Returns
the smallest value (not equal to 0) in the CPTs of the IBayesNet

Return type
float

minParam()

Returns
the smallest value in the CPTs of the IBayesNet

Return type
float

minimalCondSet (*args)

Returns, given one or many targets and a list of variables, the minimal set of those needed to calculate
the target/targets.

Parameters
* target (int) — The id of the target
* targets (List[int]) — The ids of the targets
e list (List[int])— The list of available variables

Returns
The minimal set of variables

Return type
Set[int]

moralGraph (clear=True)

Returns the moral graph of the BayesNet, formed by adding edges between all pairs of nodes that have
a common child, and then making all edges in the graph undirected.

Returns
The moral graph

Return type
pyAgrum.UndiGraph (page 13)

Parameters
clear (bool) -

moralizedAncestralGraph (nodes)

Parameters
nodes (object) —
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Return type
UndiGraph (page 13)

names ()

Returns
The names of the graph variables

Return type
List[str]

nodeId(var)

Parameters
var (pyAgrum.DiscreteVariable (page 29)) — a variable

Returns
the id of the variable

Return type
int

Raises
pyAgrum. IndexError — If the graph does not contain the variable

nodes ()

Returns
the set of ids

Return type
Set[int]

nodeset (names)

Parameters
names (Vector_string) —

Return type
List[int]

parents (norid)
Parameters
¢ id — The id of the child node
e norid (object) -

Returns
the set of the parents ids.

Return type
Set

reverseArc(*args)

Reverses an arc while preserving the same joint distribution.
Parameters
¢ tail — (int) the id of the tail variable
¢ head - (int) the id of the head variable
e tail — (str) the name of the tail variable
¢ head - (str) the name of the head variable

e arc (pyAgrum.Arc (page 3)) — an arc
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Raises
pyAgrum.InvalidArc (page 346) — If the arc does not exsit or if its reversal would
induce a directed cycle.

Return type
None

saveBIF (name)
Save the BayesNet in a BIF file.

Parameters
name (str) — the file’s name

Return type
None
saveBIFXML (name)
Save the BayesNet in a BIFXML file.

Parameters
name (str) — the file’s name

Return type
None
saveDSL (name)
Save the BayesNet in a DSL file.

Parameters
name (str) — the file’s name

Return type
None
saveNET (name)
Save the BayesNet in a NET file.

Parameters
name (str) — the file’s name

Return type
None
save03PRM (name)
Save the BayesNet in an O3PRM file.

Warning: The O3PRM language is the only language allowing to manipulate not only Discretized-
Variable but also RangeVariable and Labelized Variable.

Parameters
name (str) — the file’s name

Return type
None

saveUAI (name)
Save the BayesNet in an UAI file.

Parameters
name (str) — the file’s name

Return type
None
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size()
Returns
the number of nodes in the graph
Return type
int
sizeArcs()
Returns

the number of arcs in the graph

Return type
int

property thisown
The membership flag

toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

topologicalOrder (clear=True)

Returns
the list of the nodes Ids in a topological order

Return type
List

Raises
pyAgrum. InvalidDirectedCycle (page 347) — If this graph contains cycles

Parameters
clear (bool) -

variable (*args)

Parameters
¢ id (int) — a variable’s id
e name (str) — a variable’s name

Returns
the variable

Return type
pyAgrum.DiscreteVariable (page 29)

Raises
pyAgrum. IndexError — If the graph does not contain the variable

variableFromName (name)

Parameters
name (str) — a variable’s name

Returns
the variable

Return type
pyAgrum.DiscreteVariable (page 29)
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Raises
pyAgrum. IndexError — If the graph does not contain the variable

variableNodeMap ()

Returns
the variable node map

Return type
pyAgrum.variableNodeMap

4.2 Tools for Bayesian networks
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aGrUM/pyAgrum provide a set of classes and functions in order to easely work with Bayesian networks.

4.2.1 Generation of database

class pyAgrum.BNDatabaseGenerator (bn)

BNDatabaseGenerator is used to easily generate databases from a pyAgrum.BayesNet.

Parameters
bn (pyAgrum.BayesNet (page 74)) — the Bayesian network used to generate data.

database()
drawSamples (nbSamples)

Parameters
nbSamples (int) —

Return type
float

log2likelihood ()

Return type
float

samplesAt (row, col)
Parameters
e row (int) —

e col (int) -
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Return type
int

samplesLabelAt (row, col)

Parameters
e row (int) —
¢ col (int) -

Return type
str

samplesNbCols()

Return type
int

samplesNbRows ()

Return type
int

setAntiTopologicalVarOrder ()

Return type
None

setRandomVarOrder ()

Return type
None

setTopologicalVarOrder ()

Return type
None

setVarOrder (*args)

Return type
None

setVarOrderFromCSV (*args)

Return type
None

toCSV (*args)

Return type
None

toDatabaseTable (useLabels=True)
to_pandas (with_labels=True)
export the samples as a pandas.DataFrame.

Parameters
with_labels (bool) — is the DataFrame full of labels of variables or full of index of
labels of variables

varOrder ()

Return type
object
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varOrderNames ()

Return type
List[str]

4.2.2 Comparison of Bayesian networks
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To compare Bayesian network, one can compare the structure of the BNs (see pyA-
grum.lib.bn_vs_vb.GraphicalBNComparator). However BNs can also be compared as probability distributions.

class pyAgrum.ExactBNdistance (*args)

Class representing exacte computation of divergence and distance between BNs
ExactBNdistance(P,Q) -> ExactBNdistance
Parameters:
* P (pyAgrum.BayesNet) a Bayesian network
* Q (pyAgrum.BayesNet) another Bayesian network to compare with the first one
ExactBNdistance(ebnd) -> ExactBNdistance
Parameters:
* ebnd (pyAgrum.ExactBNdistance) the exact BNdistance to copy
Raises

pyAgrum.OperationNotAllowed (page 348) — If the 2BNs have not the same domain size
of compatible node sets

compute()

Returns
a dictionnary containing the different values after the computation.

Return type
Dict[str,float]

class pyAgrum.GibbsBNdistance (*args)
Class representing a Gibbs-Approximated computation of divergence and distance between BNs

GibbsBNdistance(P,Q) -> GibbsBNdistance
Parameters:
* P (pyAgrum.BayesNet) — a Bayesian network

* Q (pyAgrum.BayesNet) — another Bayesian network to compare with the first one
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GibbsBNdistance(gbnd) -> GibbsBNdistance
Parameters:

* gbnd (pyAgrum.GibbsBNdistance) — the Gibbs BNdistance to copy

Raises

pyAgrum.OperationNotAllowed (page 348) — If the 2BNs have not the same domain size

of compatible node sets

burnIn()

Returns
size of burn in on number of iteration
Return type
int
compute()
Returns

a dictionnary containing the different values after the computation.

Return type
Dict[str,float]

continueApproximationScheme (error)
Continue the approximation scheme.

Parameters
error (float) —

Return type
bool

currentTime ()
Returns
get the current running time in second (float)

Return type
float

disableEpsilon()

Disable epsilon as a stopping criterion.

Return type
None

disableMaxIter()

Disable max iterations as a stopping criterion.

Return type
None

disableMaxTime()

Disable max time as a stopping criterion.

Return type
None

disableMinEpsilonRate()
Disable a min epsilon rate as a stopping criterion.

Return type
None
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enableEpsilon()

Enable epsilon as a stopping criterion.

Return type
None

enableMaxIter()
Enable max iterations as a stopping criterion.

Return type
None

enableMaxTime ()

Enable max time as a stopping criterion.

Return type
None

enableMinEpsilonRate()
Enable a min epsilon rate as a stopping criterion.

Return type
None

epsilon()

Returns
the value of epsilon

Return type
float

history()

Returns
the scheme history

Return type
tuple

Raises

pyAgrum.OperationNotAllowed (page 348) — If the scheme did not performed or if

verbosity is set to false

initApproximationScheme ()

Initiate the approximation scheme.

Return type
None

isDrawnAtRandom()

Returns
True if variables are drawn at random

Return type
bool

isEnabledEpsilon()

Returns

True if epsilon is used as a stopping criterion.

Return type
bool
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isEnabledMaxIter()

Returns
True if max iterations is used as a stopping criterion

Return type
bool

isEnabledMaxTime ()

Returns
True if max time is used as a stopping criterion

Return type
bool

isEnabledMinEpsilonRate()

Returns
True if epsilon rate is used as a stopping criterion

Return type
bool

maxIter()

Returns
the criterion on number of iterations

Return type
int

maxTime ()

Returns
the timeout(in seconds)

Return type
float

messageApproximationScheme ()

Returns
the approximation scheme message

Return type
str

minEpsilonRate()

Returns
the value of the minimal epsilon rate

Return type
float

nbrDrawnVar ()

Returns
the number of variable drawn at each iteration

Return type
int
nbrIterations()

Returns
the number of iterations
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Return type
int
periodSize()

Returns
the number of samples between 2 stopping

Return type
int

Raises
pyAgrum. OutOfBounds (page 349) — If p<1

remainingBurnIn()

Returns
the number of remaining burn in

Return type
int

setBurnIn(b)

Parameters
b (int) — size of burn in on number of iteration

Return type
None

setDrawnAtRandom (_atRandom)

Parameters
_atRandom (bool) — indicates if variables should be drawn at random

Return type
None

setEpsilon(eps)

Parameters
eps (float) — the epsilon we want to use

Raises
pyAgrum.OutOfBounds (page 349) — If eps<0

Return type
None

setMaxIter (max)

Parameters
max (int) — the maximum number of iteration

Raises
pyAgrum. OutOfBounds (page 349) — If max <=1

Return type
None

setMaxTime (timeout)

Parameters
e tiemout (float) — stopping criterion on timeout (in seconds)
e timeout (float) —

Raises
pyAgrum.OutOfBounds (page 349) — If timeout<=0.0
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Return type
None

setMinEpsilonRate (rate)

Parameters
rate (float) — the minimal epsilon rate

Return type
None

setNbrDrawnVar (_nbr)

Parameters
_nbr (int) — the number of variables to be drawn at each iteration

Return type
None

setPeriodSize (p)

Parameters
p (int) — number of samples between 2 stopping

Raises
pyAgrum.OutOfBounds (page 349) — If p<1

Return type
None

setVerbosity(v)

Parameters
v (bool) — verbosity

Return type
None

startOfPeriod()

Returns
True if it is a start of a period

Return type
bool

stateApproximationScheme ()

Returns
the state of the approximation scheme

Return type
int
stopApproximationScheme ()

Stop the approximation scheme.

Return type
None

updateApproximationScheme (incr=1)

Update the approximation scheme.

Parameters
incr (int) -

Return type
None
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verbosity()

Returns
True if the verbosity is enabled

Return type
bool

4.2.3 Explanation and analysis

[==] [=] [=] [6.7.0.1,2,3,4.5]

A Bayesien network a junction tree for this BN its elimination erder an (optimized) binary join tree

This tools aimed to provide some different views on the Bayesian network in order to explore its qualitative and/or
quantitave behaviours.

class pyAgrum.JunctionTreeGenerator

JunctionTreeGenerator is use to generate junction tree or binary junction tree from Bayesian networks.

JunctionTreeGenerator() -> JunctionTreeGenerator
default constructor

binaryJoinTree (*args)

Computes the binary joint tree for its parameters. If the first parameter is a graph, the heurisitcs assume
that all the node have the same domain size (2). If given, the heuristic takes into account the partial
order for its elimination order.

Parameters
* g (pyAgrum.UndiGraph (page 13)) — a undirected graph
* dag (pyAgrum.DAG (page 9)) — a dag
¢ bn (pyAgrum.BayesNet (page 74)) — a BayesianNetwork
e partial_order (List[List[int]])— a partial order among the nodeIDs

Returns
the current binary joint tree

Return type
pyAgrum.CliqueGraph (page 16)
eliminationOrder (*args)

Computes the elimination for its parameters. If the first parameter is a graph, the heurisitcs assume that
all the node have the same domain size (2). If given, the heuristic takes into account the partial order
for its elimination order.

Parameters
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* g (pyAgrum.UndiGraph (page 13)) — a undirected graph

¢ dag (pyAgrum.DAG (page 9)) — a dag

e bn (pyAgrum.BayesNet (page 74)) — a BayesianNetwork

e partial_order (List[List[int]])— a partial order among the nodelDs

Returns
the current elimination order.

Return type
pyAgrum.CliqueGraph (page 16)

junctionTree (*args)

Computes the junction tree for its parameters. If the first parameter is a graph, the heurisitcs assume
that all the node have the same domain size (2). If given, the heuristic takes into account the partial
order for its elimination order.

Parameters
* g (pyAgrum.UndiGraph (page 13)) — a undirected graph
* dag (pyAgrum.DAG (page 9)) — a dag
e bn (pyAgrum.BayesNet (page 74)) — a BayesianNetwork
e partial_order (List[List[int]])— a partial order among the nodelDs

Returns
the current junction tree.

Return type
pyAgrum.CliqueGraph (page 16)

class pyAgrum.EssentialGraph(*args)
Class building the essential graph from a BN.

Essential graph is a mixed graph (Chain Graph) that represents the class of markov equivalent Bayesian
networks (with the same independency model).

EssentialGraph(m) -> EssentialGraph
Parameters:
o m (pyAgrum.DAGmodel) — a DAGmodel

arcs()

Returns
The lisf of arcs in the EssentialGraph

Return type
list

children(id)

Parameters
id (int) — the id of the parent

Returns
the set of all the children

Return type
Set

100 Chapter 4. Bayesian network



pyAgrum Documentation, Release 1.3.0

connectedComponents ()

connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])

edges()

Returns
the list of the edges

Return type
List

mixedGraph()

Returns
the mixed graph

Return type
pyAgrum.MixedGraph (page 22)

neighbours (id)

Parameters
id (int) — the id of the checked node

Returns
The set of edges adjacent to the given node

Return type
Set

nodes ()

Return type
object

parents (id)

Parameters
id (int) — The id of the child node

Returns
the set of the parents ids.

Return type
Set

size()

Returns
the number of nodes in the graph

Return type
int
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sizeArcs()

Returns
the number of arcs in the graph

Return type
int

sizeEdges()

Returns
the number of edges in the graph

Return type
int

sizeNodes()

Returns
the number of nodes in the graph

Return type
int

skeleton()

Return type
UndiGraph (page 13)

toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

class pyAgrum.MarkovBlanket (*args)
Class building the Markov blanket of a node in a graph.

MarkovBlanket(m,n) -> MarkovBlanket
Parameters:
e m (pyAgrum.DAGmodel) — a DAGmodel
e n (int) — a node id
MarkovBlanket(m,name) -> MarkovBlanket
Parameters:
* m (pyAgrum.DAGmodel) — a DAGmodel
e name (str) — a node name

arcs()

Returns
the list of the arcs

Return type
List

children(id)

Parameters
id (int) — the id of the parent
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Returns
the set of all the children

Return type
Set

connectedComponents ()

connected components from a graph/BN

Compute the connected components of a pyAgrum’s graph or Bayesian Network (more generally an
object that has nodes, children/parents or neighbours methods)

The firstly visited node for each component is called a ‘root’ and is used as a key for the component.
This root has been arbitrarily chosen during the algorithm.

Returns
dict of connected components (as set of nodelds (int)) with a nodeld (root) of each com-
ponent as key.

Return type
dict(int,Set[int])

dag

Returns
a copy of the DAG

Return type
pyAgrum.DAG (page 9)

hasSameStructure (other)

Parameters
pyAgrum.DAGmodel — a direct acyclic model

Returns
True if all the named node are the same and all the named arcs are the same

Return type
bool

nodes ()

Returns
the set of ids

Return type
set

parents (id)

Parameters
id (int) — The id of the child node

Returns
the set of the parents ids.

Return type
Set

size()

Returns
the number of nodes in the graph

Return type
int
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sizeArcs()

Returns
the number of arcs in the graph

Return type
int

sizeNodes()

Returns
the number of nodes in the graph

Return type
int

toDot ()

Returns
a friendly display of the graph in DOT format

Return type
str

4.2.4 Fragment of Bayesian networks
This class proposes a shallow copy of a part of Bayesian network. It can be used as a Bayesian network for inference
algorithms (for instance).

class pyAgrum.BayesNetFragment (bn)

BayesNetFragment represents a part of a Bayesian network (subset of nodes). By 