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Background

Decomposition of a Boolean function ‘

« Algebraic factorization / decomposition [1]

—on a sum-of-products form

— very efficient in terms of the computation time
* Functional decomposition [2-7]

—a more powerful technique

— manipulates a Boolean function directly

— the BDD technique [8-10]
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Functional Decompositions

« Simple disjoint decomposition [2,3] fjj—»

—no common variable
— only one newly introduced variable
* Roth-Karp decomposition [4] aﬁD::
— common variables EL; —
— multiple newly introduced variables d—
» Non-disjoint bi-decomposition [5-7] .,
— common variables c
— decomposes in parallel

Our Accomplishment

« Efficient methods for
— Simple Disjoint Decomposition (SDD) [11]
— non-disjoint Bi-Decomposition (Bi-Decomp) [12]

* Combine these two
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Simple Disjoint Decomposition
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How to find a variable partition { X, Y } that gives
a decomposition efficiently?

Our Approach

« Limit the types of decompositions to be found
— X is a set of symmetric variables

x ] x 7]
Y Y
—the sizeof Yis 1

Loy, Lhp

» Many of the other types can be found
— by applying the above two recursively

Detecting Symmetries of Two Variables

« Detect asymmetry [13] f=abd +dc+d)

— from the structure of a BDD

«dependent on band d
*independent of ¢

0
O asymmetric in {b, ¢ or {d, ¢

* Detect symmetry
— expensive if two variables are distant
— for pairs of variables not filtered out
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Non-Disjoint Bi-Decomposition

. AND / XOR
» Consider two cases for h .
- 2-,nput AND b 91
— 2-input XOR ' f
* Produce an initial solution a0 %

« Improve it by the Branch-and-Bound search
— Cost: the total number of variables in g;and g,
— Each step: a variable elimination procedure
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Initial Solution (AND-decomposition)

Overview of the Branch-and-Bound search
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Experimental Results
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« Execution time: around one second
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Conclusions

» Two functional decomposition methods
— Simple disjoint decomposition
« optimal circuit structure
« applicable only if it exists in a function
— Non-disjoint bi-decomposition
« produce circuits with fewer depths
« Future works
— Other criteria for the best bi-decomposition
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Algebraic Decomposition [1], Functional Decomposition [2, 3, 4], Bi-Decomposition [5, 6, 7], Functional
Decomposition using BDD [8, 9, 10], Related Publication by the Authors [11, 12], Detecting Symmetric Variables
[13], SIS [14]
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