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Abstract

Today's EDA (Electronic Design Automation) industry faces enormous
challenges. Their primary cause is the tremendous increase of the complexity
of modern digital designs. Graph algorithms are widely applied to solve various
EDA problems. In particular, graph dominators, which provide information
about the origin and the end of reconverging paths in a circuit graph, proved
to be useful in various CAD (Computer Aided Design) applications such as
equivalence checking, ATPG, technology mapping, and power optimization.

This thesis provides a study on graph dominators in logic synthesis and
verification.

The thesis contributes a set of algorithms for computing dominators in
circuit graphs. An algorithm is proposed for finding absolute dominators
in circuit graphs. The achieved speedup of three orders of magnitude on
several designs enables the computation of absolute dominators in large
industrial designs in a few seconds. Moreover, the computation of single-vertex
dominators in large multiple-output circuit graphs is considerably improved.
The proposed algorithm reduces the overall runtime by efficiently recognizing
and re-using isomorphic structures in dominator trees rooted at different
outputs of the circuit graph. Finally, common multiple-vertex dominators are
introduced. The algorithm to compute them is faster and finds more multiple-
vertex dominators than previous approaches.

The thesis also proposes new dominator-based algorithms in the area
of decomposition and combinational equivalence checking. A structural
decomposition technique is introduced, which finds all simple-disjoint
decompositions of a Boolean function which are reflected in the circuit
graph. The experimental results demonstrate that the proposed technique
outperforms state-of-the-art functional decomposition techniques. Finally, an
approach to check the equivalence of two Boolean functions probabilistically
is investigated. The proposed algorithm partitions the equivalence check
employing dominators in the circuit graph. The experimental results confirm
that, in comparison to traditional BDD-based equivalence checking methods,
the memory consumption is considerably reduced by using the proposed
technique.
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