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An edge could be undirected, like the edge  directed, like the edges 

and , or bidirected like the edge . If all edges are directed, the graph is

called a directed graph. A path in a graph is a sequence of edges connected to each

other, such as  in Figure 15.1. This is regardless of the

direction of the edges. A directed path is a special case where all the edges are

directed from the starting node to the end node. Any other path is an undirected

path. If there exists a path between two nodes, these nodes are said to be connected,

otherwise they are disconnected. A cyclic graph is a graph where there exists at least

one path going out of a node which can be followed through directed edges back

to the original node. An acyclic graph is a graph that contains no such cycles. So, a

directed acyclic graph (DAG), is a graph that is both directed and acyclic, such as

the graph in Figure 15.2.

Figure 15.2 A DAG with nodes L, U, A, and Y.

A node, or variable, where two arrowheads meet, such as A in Figure 15.2, is called

a collider. The children of a variable are the variables that are affected directly by

that variable. For example, A is a child of both the variables L and U, and Y is a

child of A. Correspondingly, parents of a variable are the variables directly affect-

ing that variable; L and U are the parents of A. Generally, variables affecting

another variable, directly or indirectly through a certain path, are called ancestors,

while variables being affected, directly or indirectly, are called descendants. A node,

or variable, without parents is called exogenous, otherwise the node is endogenous.

15.3.3 Causal DAGs
Following the definitions of Spirtes et al. (1993) and Robins and Hernan (2009), a

causal DAG is a DAG where

1. the lack of an arrow between two variables A and Y can be interpreted as an

absence of a direct causal effect of A on Y, and

2. where all common causes, even unmeasured, of any pair of variables in the graph

are included.
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