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ABSTRACT

This paper introduces a new tool developed as a
complement for existing BDD software packages. Its
main objective is laying out BDDs in a visual way,
making it easier for the user to check the correctness of
the structures generated through any implemented
method. Through a nice graphical interface, one can
interact with a BDD using the available features and
preview the logic function in terms of transistor networks.
BDDeiro can be easily adapted to different packages due
to its XML input, making it possible for developers to use
the tool for different applications.

1. INTRODUCTION

BDDs have been applied successfully to a wide variety of
tasks, particularly in very large scale integration (VLSI)
computer-aided design (CAD) [1][2]. BDDeiro was
developed to be part of BDD manipulation packages, due
to the small number of existing visualization tools.

Besides regular BDD visualization, BDDeiro
introduces the feature of displaying functions as transistor
networks, as well as their respective pull-up and pull-
down networks. This characteristic can be used not only
by developers, but also as a didactic exercise for logic
synthesis students. The displayed structures can be
captured and saved as a .PNG image file, allowing
generated visualizations to be easily portable.

2. BINARY DECISION DIAGRAMS

Binary Decision Diagrams (BDDs) are graph
representations of Boolean expressions. In these
structures, variables correspond to nodes, and their values
are the edges connecting them. The graph should be
examined from top to bottom and each node originates
two edges: one representing the direction to follow when
the variable assumes the logic value 0, and another for
when it assumes the logic value 1. Therefore, the
combination of values from the variables defines a path in
the graph. At the end of a descending path there is a
terminal node containing a binary value (0 or 1), which
represents the logic function’s value for a given input
vector [3].

Manipulation of functions using BDDs, as well as
their optimization, is very efficient. These structures have
the advantage of carrying logic circuit topological
information, which can make the generation of a
transistor network easier; each node is associated to a

multiplexer, using the CMOS pass transistor method,
where the multiplexers are built with a pair of
transmission gates.

3. TOOL INTERFACE

BDDeiro features different modes of visualizing a
Boolean function, allowing the user to select the most
convenient one at the time. Fig. 1 shows the generated
view of the 2-input AND function seen as a regular BDD.

Logic functions can also be seen as a transistor
network. Currently, a structure can be visualized as a
netlist of NMOS (see Fig. 1), PMOS transistors, or
transmission gates (parallel-connected PMOS and NMOS
transistors).

Besides the visualization modes, BDDeiro also
features the possibility of obtaining the pull-up and pull-
down networks of a circuit. Fig. 2 shows the generated
pull-down and pull-up networks for the XOR2 function.

Users can manipulate the generated display through
freely moving nodes to make the visualization clearer and
zooming in and out. An edge counter is available as
additional information. These features allow better
comprehension of specific parts of the structures. The
user interface for the tool is shown in Fig. 3.

Fig. 1: AND2 – Generated view of BDD and NMOS network.

4. INPUT METHOD

BDDeiro receives as input a structure described as a
GraphML file, based on XML. It consists of a language
core to describe structural properties of a graph and a



flexible extension mechanism to add application-specific
data [4]. In this case, information such as node levels and
edge types are needed, as shown in Fig. 4. After that, the
structure is described through the declaration of its nodes
and edges, as seen in Fig. 5.

The main advantage of this input method is that, given
the format description, developers can easily adapt any
BDD package to output results in the same format.

Fig. 2: XOR2 – Pull-down and pull-up networks.

Fig. 3: BDDeiro user interface.

5. CONCLUSION AND FUTURE WORK

BDDs are key structures in VLSI CAD systems and other
aspects of computer science. Currently, many software
packages manipulate these structures but there is a lack of
visualization tools. BDDeiro has come to fill this gap and
make the process of checking obtained results easier and
faster.

The rendering of different kinds of transistors and the
XML format of the input opens the possibility of adapting
the tool to generate visualizations for other types of
structures, such as decomposed BDDs [5], being a
flexible software that may be useful for different logic
synthesis packages.
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Fig. 4: GraphML description of the structure’s attributes.

Fig. 5: GraphML description of a BDD structure.


