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Def: -OOC is a family of (0,1) sequences of 
length     and weight     satisfying:

Autocorrelation: 

Cross-correlation:   

Codewords:

Exp:
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Set-Theoretical Representation 
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Def: 

Exp:  

Auto:
Cross:

denotes modulo-n addition.
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Optimal OOC & Johnson Bound 
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Def: The maximum number of codewords: 

Upper Bounds:

Johnson Bound:

Exp:
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OOC Design Algorithms 
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Particular Numbers for 
There is no method when 

Search Methods:
Greedy Algorithm: Lack of Optimality

Complete Search: Excessive Computation

Construction Name Parameters Code Size

Projective Geometry

Chung-Kumar 

Bose-Chowla
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Universal Discourse on Search Algorithm
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Reference Set: 

is all w-subsets of     containing ‘0’. 
Exp: 

In order to classify        we need an algebraic structure: 
What is it?

Multiplicative Group Action 
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Multiplicative Group & Group Action
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: The set of integers             so that 

: Modulo-n multiplication 

: Multiplicative group of order          (Euler)
Exp: For prime n: and

Action of a group G on a set S: 

Orbit of s: 

Orbit Space:
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Multiplicative Group Action on Sn,w
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Def: Class:

Structure of Classes: 
Complete Class: 

Incomplete Class:             is a factor of 

Number of Classes: 
Only for prime n:
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Example of Multiplicative Partition 
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Exp: For         with 15 sequences: 
{ } { } { } { } { } { } { }{ }
{ } { } { } { } { } { } { }{ }
{ } { } { } { }{ }

0,1,2 0,1,2 , 0,1,4 , 0,2,4 , 0,3,6 , 0,3,5 , 0,5,6

0,1,3 0,1,3 , 0,1,5 , 0,2,3 , 0,2,6 , 0,4,5 , 0,4,6

0,1,6 0,1,6 , 0,2,5 , 0,3,4

=⎡ ⎤⎣ ⎦
=⎡ ⎤⎣ ⎦
=⎡ ⎤⎣ ⎦

7,3S

n w |Sn,w| Ø(n) |Sn,w/Πn| N×L

9 4 56 6 10 9×6 , 1×2

10 7 84 4 22 20×4 , 2×2

11 4 120 10 12 10×12
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Application in OOC Design
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Theorem: The correlation between          and          has 
the same pattern with one between     and 

Results: 
Autocorrelation: If a sequence of a multiplicative class satisfies 
the autocorrelation constraint, all members of that class do so, 
and if not, the constraint is held for none of the class members. 

Cross-correlation: It is sufficient to compute the cross-
correlations between the representatives of the classes and 
other sequences instead of those between any two sequences. 

r X: s Y:
X 'r s Y: :
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Constructing (16,4,1,2)-OOC
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Search Space: 

Number of Sequences:

Number of Classes:  
48 complete classes with size 
21 incomplete classes including 15×4, 5×2, 1×1

Autocorrelation: Survived classes: 6 complete classes 
with 48 sequences out of 455.  
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Constructing (16,4,1,2)-OOC
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Cross-correlation: 
It is sufficient to compute                                         out of 

cross-correlations. 

Corresponding Graph:
Every sequence is a vertex and two vertices are adjacent if they 
satisfy the cross-correlation constraint. 
By running a Max Clique algorithm, we find an optimal OOC 
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Conclusion & Future Work
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Introducing multiplicative group action on the OOC 
design search space

Confining the search space

Decreasing the computation of order 

Future Problems
What is the number of classes in nonprime case?

What is the number of complete and incomplete classes?

What is the size of incomplete classes?

Other classification methods 

( )nφ
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