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DAG’s and Doodles

1 DAG

The developers of WinBUGS recommend that the first step in an analysis should be the construction

of a directed graphical model (DAG). This handout explains how to represent a Bayesian statistical

model as a DAG and how to construct a DAG in WinBUGS using the DoodleBUGS editor.

In mathematics and computer science, a DAG is a directed graph with no directed cycles. That is, it

is formed by a collection of vertices and directed edges, each edge connecting one vertex to another,

such that there is no way to start at some vertex v and follow a sequence of edges that eventually

loops back to v again.

In WinBUGS, the vertices are called nodes and reprensent the quantities in a statistical model. the

directed edges are referred to as arrows. Arrows run into nodes from their direct predecessors (parents).

These represents the (conditional independence) assumption that, given its parent nodes pa(v), each

node v is independent of all other nodes in the graph except descendants (children) of v.

Nodes in a DAG can be of three types:

• Constants are fixed by the design of the study: they are always founder nodes (i.e. do not have

parents), and are denoted as rectancles in the DAG. They must be specified in a data file.

• Stochastic nodes are variables that are given a distribution, and are denoted by ellipses in

the DAG. They may be parents or children (or both). Stochastic nodes may be observed in

which case they are data, or may be unobserved and hence parameters, which may be unknown

quantities underlying a model, observations on an individual case that are unobserved say due

to censoring, or simply missing data. WinBUGS finds out which nodes are data and which are

parameters to be sampled by seeing which nodes are given values in the data file.

• Deterministic nodes are logical functions of other nodes.

Arrows can be of two types:

• Solid arrows indicate stochastic dependence.

• Hollow arrows indicate logical functions.

Repeated parts (for loops in the model) of a graph can be represented using a plate. This is a

rectangle containing all the nodes and arrows of the model part that needs to be repeated (usually

the likelihood specification).
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The conditional independence assumptions represented by the graph mean that the full joint distribu-

tion of all quantities V has a simple factorisation in terms of the conditional distribution f(v|parents[v])

of each node given its parents, so that

f(V ) =
∏
v∈V

f(v|parents[v])

This is important as it means that we only need to specify the parent-child distributions in order to

fully specify the whole model.

To sample from the posterior distribution of all unobserved nodes, BUGS uses the Gibbs sampler and

thus has to construct the full conditional posterior densities. This means constructing the conditional

distribution of each node given all the other nodes in the graph. The conditional independence

assumption facilitates this. If for a specific node v we denote the remaining nodes by V \v, the full

conditional distribution f(v|V \v) is given by:

f(v|V \v) ∝ f(v, V \v)

∝ terms in f(V ) containing v

= f(v|parents[v])
∏

v∈parents[w]

p(w|parents[w])

Note that the full conditional distribution for any node depends only on the values of its parents,

children, and co-parents. BUGS identifies these components, multiplies them and then chooses a

sampling method to sample from each of the full conditionals.

2 DoodleBUGS

The DoodleBUGS editor is a special drawing tool for specifying graphical models, which uses a hyper-

diagram approach to add extra information to the graph to give a complete model specification. Each

stochastic and logical node in the graph must be given a name. Use the following instructions for

creating a DAG in DoodleBUGS:

• Creating a new Doodle

Select the New option from the Doodle menu.

• Creating Nodes

Point the mouse to an empty region of the window and click.

• Creating Edges

Hold the ”control” key down and click into a non-highlighted node. An edge will appear joining

the non-highlighted node to the highlighted node.

• Creating Plates

Hold down the ”control” key and click the mouse into an empty region of the window.

• Selecting Nodes

A node is selected by clicking into it with the mouse.
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• Selecting Plates

A plate is selected by clicking on one of its thick edges.

• Deleting Nodes

A node is deleted by first selecting it and then pressing the ”control + delete” or ”control +

backspace” key combination.

• Deleting Edges

An edge between a highlighted node and one of its parents can be deleted by holding down the

”control” key and clicking into the parent node with the mouse.

• Deleting Plates

A plate can be deleted by selecting it and then pressing the ”control + delete” or ”control +

backspace” key combination.

• Moving Nodes

A selected node can be moved by dragging it with the mouse. Small adjustments of a node’s

position can be made by using the ”cursor” keys.

• Moving Plates

A selected plate can be moved by dragging it with the mouse. Small adjustments of a plate’s

position can be made by using the ”cursor” keys.

• Resizing Plates

A selected plate can be resized by clicking into the small square area at the bottom right of the

plate where the two thick edges meet and then dragging the mouse.

• Copying and Pasting Doodles

A doodle can be copied by pressing the ”control + space” key combination. A single rectangle

will appear enclosing the doodle. The doodle can then be dragged into another window with the

mouse. If the ”control” key is held down then the doodle is copied, otherwise it is pasted/moved.

• Resizing Doodles

A doodle can be resized by pressing the ”control + space” key combination. A single rectangle

will appear enclosing the doodle. Dragging the edges of this rectangle will resize the doodle.

The area of a doodle covered by the graph can be shrunk using the Scale Model option of the

Doodle menu.

• Embedded Doodles

If a doodle is contained in another document it can be edited in place by double-clicking into

the doodle with the mouse. A grey hairy outline will appear enclosing the doodle.



Applied Bayesian Inference A DAG’s and Doodles, KIT WS 2010/11 4

3 DoodleBUGS

To get the hang of this, we need to do it. We will use the hierarchical model of the rat tumor example

discussed in the lecture to construct a DAG. The WinBUGS code of the model is

model

{ for (i in 1:71){

y[i] ~ dbin(theta[i],n[i])

theta[i] <- exp(mu[i])/(1+exp(mu[i]))

mu[i] ~ dnorm(nu,tau)

r[i]<-y[i]/n[i]

}

nu ~ dnorm(0.0,0.001)

tau ~ dgamma(0.001,0.001)

mtheta<-exp(nu)/(1+exp(nu))

}

#inits

list(nu=0,tau=1)

We create the following DAG with DoodleBUGS: 

for(i IN 1 : 71)

r[i]

n[i]

theta[i]

taunu

mu[i]

Y[i]

 
Figure 1: DAG of Rat Tumor Model.
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WinBUGS creates the code from the DAG specified in the DoodleBUGS editor when you double click

on the doodle and then select write code from the Doodle menu. This is what you obtain:

model;

{

for( i in 1 : 71 ) {

Y[i] ~ dbin(theta[i],n[i])

}

for( i in 1 : 71 ) {

mu[i] ~ dnorm(nu,tau)

}

nu ~ dnorm( 0.0,1.0E-6)

tau ~ dgamma(0.001,0.001)

for( i in 1 : 71 ) {

logit(theta[i]) <- mu[i]

}

for( i in 1 : 71 ) {

r[i] <- Y[i] / n[i]

}

}


