Abstract

The size of ROBDD is essential in many applications. In this paper, we propose a heuristic that minimizes ROBDD size for incompletely specified multiple output functions. Our technique involves giving a new interpretation of ROBDDs with an extra variable, Z, for incompletely specified functions. This new interpretation allows us to assign don’t cares to either the on-set or the off-set yielding an efficient minimization of ROBDD size. The extra variable Z carries the information of the don’t cares and preserves the flexibility of choosing the best cover for a given incompletely specified function. Starting from the top level of an ROBDD, we minimize greedily the number of nodes at every level by assigning as few don’t cares as possible to either the on-set or the offset. We propagate the remaining unused don’t cares to lower levels of an ROBDD by moving the extra variable downwards. We performed three sets of experiments. The results are very encouraging.

1 Intr oduction

This paper presents a technique that heuristically minimizes the size of a reduced, ordered, binary decision diagram (ROBDD) representing a multiple output incompletely specified function. Our technique assigns don’t cares to either the on-set or the off-set of a given function to generate a completely specified function that has small ROBDD size.

ROBDDs have been proved to be a good representation of logic functions (e.g.: [1]). Due to such properties as canonicity and efficiency, many algorithms developed for various purposes use ROBDDs as their direct tool (e.g.: [3] [4] [5] [6] [8]). Performance of these algorithms depends heavily on the size of ROBDDs. For example, in [3], a technology mapper for look-up table (LUT) based FPGA is presented. For a subject function represented by an ROBDD, [3] proposed two techniques, cutting and substitution, on the ROBDD. Cutting is essentially an efficient implementation of the Roth-Karp [9] decomposition. By properly encoding and decoding the communication links between the two parts of the given ROBDD, the cutting technique gradually decomposes the ROBDD into several smaller ROBDDs with smaller variable support. The substitution technique recursively substitutes appropriate subgraphs by a new single variable ROBDD. [3] combines these two techniques to complete the technology mapping for LUT based FPGA. The number of LUTs generated by these techniques depends heavily on the ROBDD size. However, to the best of our knowledge, no technique has been developed that targets directly on minimizing ROBDD size when don’t cares are present. As a consequence, many techniques that internally depend on ROBDD size do not perform with their full power.

Our technique involves giving a new interpretation of ROBDDs with an extra variable, Z, for incompletely specified multiple output functions. This new interpretation allows us to assign don’t cares to either the on-set or the off-set yielding an efficient minimization of ROBDD size. Essentially, this extra variable Z carries the information of the don’t cares. Starting from the top level of an ROBDD, we minimize greedily the number of nodes at every level by assigning as few don’t cares as possible to either the on-set or the off-set. We propagate the remaining unused don’t cares to lower levels of an ROBDD by moving the Z variable downwards. In a way, our representation of

Minimizing ROBDD Size of Incompletely Specified

Multiple Output Functions

Shih-Chieh Chang, Da vid Ihsin Cheng and Malgorzata Mar ek-Sadowska

Electrical and Computer Engineering Department,

University of Calif ornia

Santa Barbara, CA 93106