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exhaustively is exponential.Thus, in order to look for RSBFs, it is imperative to
have an idea about the number of orbits(i.e. partitions) in rotation symmetric
functions.

In this paper, we propose three simple algorithms for generatiniRSBF s of
a given number of variables and implement upto 26 variables.

Rest of the paper is organized as follows.Section 2 reviews some reddtre-
cent works. Section 3 introduces some terminologies to be used in lssequent
discussions and Section 4 proposes three algorithn®,B and C for generating
RSBF s of n variables. Section 5 brie y discusses the implementation of the al-
gorithms A,B and C. Finally, Section 6 concludes the chapter and brie y states
the future scopes of work.

2 Literature Review
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said to form an orbit. Figure 1 illustrates the set of 14 orbits for a function of 6
variables.

f (000000)g orbit 0
f(000001) (000010) (000100) (001000) (010000) (10000@) orbit 1
f(000011) (000110) (001100) (011000) (110000) (10000%) orbit 2
£(000101) (001010) (010100) (101000) (010001) (10001@) orbit 3
f(000111) (001110) (011100) (111000) (110001) (10001%) orbit 4
f(001001) (010010) (100100Y orbit 5
£(001011) (010110) (101100) (011001) (110010) (10010%) orbit 6
f(001101) (011010) (110100) (101001) (010011) (10011@) orbit 7
f(001111) (011110) (111100) (111001) (110011) (10011%) orbit 8
£(010101) (101010p orbit 9
f(010111) (101110) (011101) (111010) (110101) (10101%) orbit 10
£(011011) (110110) (101101Y orbit 11
f(011111) (111110) (111101) (111011) (110111) (10111%) orbit 12
f(111111)g orbit 13

Fig.1. Orbits of RSBF for n =6

Each orbit is also known as apartition
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Observation 3 Product of the internal period and the number of substrings
within a string yields the number of variables of the string.

For instance, in Figure 1, for Orbit 9, number of substrings is 3internal period
is 2 and the number of variablesis 6.

3.1 Algebraic Normal forms and RSBF

The classical approach to the analysis, synthesis or testing of a stghing circuit
is based on the description by the Boolean algebra operators. A desption
of a switching circuit based on Modulo-2 arithmetic (the simplest caseof the
Galois eld algebra [10]) is inherently redundancy-free, and is implemeted as
the multi-level tree of XOR (addition operator over GF (2)) gates.

De nition 5. An n-variable Boolean functionf (x, 1, :::, X1, Xg) can be ex-
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4 Proposed Algorithms

The proposed algorithm starts with a string of n zeros, which forms the rst
orbit. Subsequent representative strings are formed by the oddwumbers whose
binary representation has
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number 9 is deleted from theAV L tree ( Figure 3(d)) For k =2, 11  2¢ > 31.
Rotate 01101 (=13) two to four times to yield respectively 01101 (=13), 11010
(=26), and 10101 (=21). The odd values 13 and 21 are stored in théAV L tree
(Figure 3(e)).

Orbit 7
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4.1  An improved Algorithm

The proposedAlgorithm A is improved with a minor modi cation. We note the
following observation:

Consider the bit string (for an odd number) having 1 at the right-most
positionf 0" 1g. Let this bit string be right-rotated right by 1-bit (i.e., n-bits
left-rotate) to form a new bit string P, sayP = f1'0" 'g. The starting bit-string
of each orbit is an odd number, generated by simply adding 2 to the strting
string of the previous orbit. In the previous algorithm, we had to check all these
starting strings in an AV L tree to avoid repetitive occurrences of nhumbers.

Lemma 7 If the starting string of an orbitis P + 1, then the numbers between
P + 1 and the number generated by one-bit right-rotation of P - 1) may be
ignored for generating subsequent orbits.

Proof. From Algorithm A it is clear that the starting string of the orbits must be
odd number.From the previous lemma 6 it is clear that the last rotation cousins
are the consecutive numbers if starting strings of the orbits are onsecutive
odd numbers.When some number misses in the orbit then its correspaling
last rotation cousin do no appear.So as soon as the starting stringfahe orbit
becomesP +1 which comes already as the last cousin of some orbit we do not
cosier from this to the last cousin ofP - 1.

The above lemma shows that then-bit left-rotation (= 1-bit right rotation)
of successive odd numbers results in successive numbers. Thuhemever the odd
number becomes P + 1), all the successive numbers up to the number which is
RR of (P - 1) already appears.

A formal description of the proposed Algorithm B is given in Figure 4.

Following result is clear from the description Algorithm B.

Lemma 8 Worst-case time complexity ofAlgorithm B is 2".

Lemma 9 The proposed AlgorithmB requires a maximum space o2” * g, a,
wherea= RR(2" 1+1) (2" 1+1).

Proof. Follows from Lemma 6.

4.2 A further improved Algorithm

In both the algorithms proposed above, anAV L tree is used to reduce certain
iterations. The following observation helps in getting rid of this auxiliary data
structure and its associated operations.

Observation 4 If the rotation cousin of an odd starting number of an orbit is
also odd, and is greater than the value of the next starting shg of the next
orbit, then this starting string may be discarded.

A formal description of Algorithm C is given in Figure 5.
Following result is clear from the description Algorithm C.
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Algorithm C

Data structures: Cntr :# of orbits, Result
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