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A type 1 retransmission permutation array of order ὲ 
(denoted type-1 RPA(ὲ)) is an ὲ  ὲ array, say A, in which 

each cell contains a symbol from the set ρȟȢȢȢȟὲȟ such that 

the following properties are satisfied: 

 (i) every row of A contains all ὲ symbols, and 

 (ii) for ρ  Ὥ  ὲ, the i Ĭ ổϳỖ rectangle in the upper        

               left hand corner of A contains all ὲ symbols. 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

row latin ? 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ ρ 

1 x 10 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ ρ 

1 x 10 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ ς 

2 x 5 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ σ 

3 x 4 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ τ 

4 x 3 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ υ 

5 x 2 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ φ 

6 x 2 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ χ 

7 x 2 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ ψ 

8 x 2 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ ω 

9 x 2 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 

Ὥ ρπ 

10 x 1 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 3 2 5 4 

5 10 4  6 2 9 1 8 7 3 

4 9  8 2 1 3 5 7 6 10 

3 8 5 7 6 4 9 2 10 1 

2 1 9 10 4 3 8 7 6 5 

7 10 1 2 3 9 8 6 5 4 

8 3 2 1 5 6 7 4 10 9 

9 4 7 8 3 10 6 2 1 5 

10 5 6 3 7 2 9 1 4 8 

ὲ ρπ 

Lets check: 

Left hand corner? 





A type 1 retransmission permutation array of order n (denoted 

type-1 RPA(n)) is an ὲ  ὲ array, say A, in which each cell 

contains a symbol from the set ρȟȢȢȢȟὲȟ such that the following 

properties are satisfied: 

 (i) every row of A contains all ὲ symbols, and 

 (ii) for ρ  Ὥ  ὲ, the i Ĭ ổϳỖ rectangle in the upper        

               left hand corner of A contains all n symbols.   



A type 1 retransmission permutation array of order n (denoted 

type-1 RPA(n)) is an ὲ  ὲ array, say A, in which each cell 

contains a symbol from the set ρȟȢȢȢȟὲȟ such that the following 

properties are satisfied: 

 (i) every row of A contains all ὲ symbols, and 

 (ii) for ρ  Ὥ  ὲ, the i Ĭ ổϳỖ rectangle in the upper        

               left hand corner of A contains all n symbols.   

} a type-2 array is one in which property (ii) instead holds for 

rectangles in the upper right corner of A. 



A type 1 retransmission permutation array of order n (denoted 

type-1 RPA(n)) is an ὲ  ὲ array, say A, in which each cell 

contains a symbol from the set ρȟȢȢȢȟὲȟ such that the following 

properties are satisfied: 

 (i) every row of A contains all ὲ symbols, and 

 (ii) for ρ  Ὥ  ὲ, the i Ĭ ổϳỖ rectangle in the upper        

               left hand corner of A contains all n symbols.   

} a type-2 array is one in which property (ii) instead holds for 

rectangles in the upper right corner of A. 

} a type-3 array is one in which property (ii) instead holds for 

rectangles in the lower left corner of A. 

} a type-4 array is one in which property (ii) instead holds for 

rectangles in the lower right corner of A. 
 



A type 1 retransmission permutation array of order n (denoted 

type-1 RPA(n)) is an ὲ  ὲ array, say A, in which each cell 

contains a symbol from the set ρȟȢȢȢȟὲȟ such that the following 

properties are satisfied: 

 (i) every row of A contains all ὲ symbols, and 

 (ii) for ρ  Ὥ  ὲ, the i Ĭ ổϳỖ rectangle in the upper        

               left hand corner of A contains all n symbols.   

} a type-2 array is one in which property (ii) instead holds for 

rectangles in the upper right corner of A. 

} a type-3 array is one in which property (ii) instead holds for 

rectangles in the lower left corner of A. 

} a type-4 array is one in which property (ii) instead holds for 

rectangles in the lower right corner of A. 
 

So Mike is asking for a type-1,2 RPA 



A retransmission permutation array A of order n is latin if 

every column of A contains all ὲ symbols (column latin). 

 

 

We denote a latin RPA of order n as an LRPA(n) 

 

 

 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(4): 

 
1 2 3 4 

4 3 2 1 

2 1 4 3 

3 4 1 2 

Å An ὶ  ổϳỖ rectangle is called basic if it does not contain an            

ὶǋ Ĭ ổ ϳ Ỗ rectangle where ὶᴂ  ὶ and ổ ϳỖ  ổ ϳ Ỗ. 
 

Å In verifying property (ii), it suffices to consider only basic rectangles. 

The basic rectangles that must be verified in the above example 

have dimensions 1 Ĭ 4,  2 Ĭ 2 and  4 Ĭ 1. 



A type-1,2,3,4 LRPA(8): 

 
1 2 3 4 5 6 7 8 

5 6 7 8 1 2 3 4 

8 4 6 2 7 3 5 1 

7 3 5 1 8 4 6 2 

2 1 4 3 6 5 8 7 

6 5 8 7 2 1 4 3 

4 8 2 6 3 7 1 5 

3 7 1 5 4 8 2 6 

This array satisfies two symmetry properties: 

Å  ὥȟ ὥȟ  ὲ  ρ  where ὲ  ψ. 

Å  ὥȟ  “ὥȟ)  where  ʌ  ρ ς υ σ ψ τ χ φȢ 



Li, Liu, Tan, Viswanathan, and Yang published a paper entitled 

Retransmission Í repeat: simple retransmission permutation can 

resolve overlapping channel collisions (Eighth ACM Workshop on Hot 

Topics in Networks, 2009) in which they utilize  type -1, 2 RPA(ὲ) to 

resolve overlapping channel collisions.    

 

 



Li, Liu, Tan, Viswanathan, and Yang published a paper entitled 

Retransmission Í repeat: simple retransmission permutation can 

resolve overlapping channel collisions (Eighth ACM Workshop on Hot 

Topics in Networks, 2009) in which they utilize  type -1, 2 RPA(ὲ) to 

resolve overlapping channel collisions.    

 

 

Suppose a message is divided  

into ὲ pieces and broadcast 

using ὲ consecutive groups  

(i.e., sets of carrier frequencies). 

Ὣ Ὣ Ὣ Ὣ 

1 2 3 4 



Li, Liu, Tan, Viswanathan, and Yang published a paper entitled 

Retransmission Í repeat: simple retransmission permutation can 

resolve overlapping channel collisions (Eighth ACM Workshop on Hot 

Topics in Networks, 2009) in which they utilize  type -1, 2 RPA(ὲ) to 

resolve overlapping channel collisions.    

 

 

 

A second channels may overlap  

in an arbitrary number Ὦ  ὲ of  

groups.    

 

(here Ὦ ς and pieces 3 and 4 of the message are lost)  

 

 

1 2 3 4 ὼ ὼ ὼ ὼ 

Ὣ Ὣ Ὣ Ὣ Ὣ Ὣ 



Li, Liu, Tan, Viswanathan, and Yang published a paper entitled 

Retransmission Í repeat: simple retransmission permutation can 

resolve overlapping channel collisions (Eighth ACM Workshop on Hot 

Topics in Networks, 2009) in which they utilize  type -1, 2 RPA(ὲ) to 

resolve overlapping channel collisions.    

 

 

 

We can now broadcast the  

second row in the RPA(4) 

to send the complete message 

(even if Ὣ and Ὣ are occupied) 

1 2 3 4 ὼ ὼ ὼ ὼ 

4 3 2 1 ὼ ὼ ὼ ὼ 

Ὣ Ὣ Ὣ Ὣ Ὣ Ὣ 



Li, Liu, Tan, Viswanathan, and Yang published a paper entitled 

Retransmission Í repeat: simple retransmission permutation can 

resolve overlapping channel collisions (Eighth ACM Workshop on Hot 

Topics in Networks, 2009) in which they utilize  type -1, 2 RPA(ὲ) to 

resolve overlapping channel collisions.    

 

 

A type - 1, 2 RPA(ὲ) gives a schedule  

for rebroadcasting messages in ὲ  

òroundsó in such a way that all ὲ  

pieces of a message are received  

in the minimum number of rounds,  

regardless of the overlap value, Ὦ. 

1 2 3 4 

4 3 2 1 

Ὣ Ὣ Ὣ Ὣ Ὣ Ὣ 

ὼ ὼ ὼ ὼ 

ὼ ὼ ὼ ὼ 



}A sudoku square is a type-1,2,3,4 LRPA(9) 
R.A. Bailey, P. Cameron and R. Connelly, Sudoku, gerechte designs, 
resolutions, affine space, spreads, reguli, and Hamming codes, American 
Mathematical Monthly, Volume115, Number 5, May 2008, pp 383ï404. 

 



}A sudoku square is a type-1,2,3,4 LRPA(9) 
R.A. Bailey, P. Cameron and R. Connelly, Sudoku, gerechte designs, 
resolutions, affine space, spreads, reguli, and Hamming codes, American 
Mathematical Monthly, Volume115, Number 5, May 2008, pp 383ï404. 

}A gerechte design is a latin square of order ὲ, where the 
cells are divided into n regions, each containing n cells, 
such that each symbol occurs once in each region. 

J. Courtiel, E. R. Vaughan, Gerechte Designs with Rectangular Regions  
arXiv:1104.0637v1, 2011. 

 

The authors prove for all 

positive integers ί and ὸ, 
any gerechte framework 

where each region is either 

an ί  ὸ  rectangle or 

a ὸ  ί rectangle is 

realizable. 



C.J. Colbourn and K.E. Heinrich. Conflict-free access to 

parallel memories, Journal of Parallel and 

DistributedComputing 14 (1992), 193ï200.  

 
In this paper (and other related papers), fixed sized, arbitrarily 
positioned rectangles in a latin square are required to contain 
each symbol at most once.  



Type of array  Existence result  

type-1 RPA(ὲ) all integers ὲ  ρ 

type-1,2 RPA(ὲ) all integers ὲ  ρ  

This is Mikeôs problem 



Type of array  Existence result  

type-1 RPA(ὲ) all integers ὲ  ρ 

type-1,2 RPA(ὲ) all integers ὲ  ρ  

type-1,3 RPA(ὲ) all integers ὲ  ρ 

type-1,4 RPA(ὲ) all integers ὲ  ρ 

type-1,2,3,4 RPA(ὲ) all even integers ὲ  ρ 

type-1,2,3,4  latin RPA(ὲ even integers ὲ  ρφ, ὲ  σφ 

type-1,2,3,4 latin RPA(ὲ odd integers ὲ  ω 



Suppose ὲ  ρπ. The basic rectangles have dimensions 

ρ ρπ,  ς  υȟ σ  τȟ τ  σȟυ ς  and  ρπ  ρ. 

We begin by filling in the ρ ρπ basic rectangle: 

 

 
 

1 2 3 4 5 6 7 8 9 10 



6 7 8 9 10  

Suppose ὲ  ρπ. The basic rectangles have dimensions 

ρ ρπ,  ς  υȟ σ  τȟ τ  σȟυ ς  and  ρπ  ρ. 

We begin by filling in the ρ ρπ basic rectangle: 

 

 
 

Next, we consider the ς  υ basic rectangle. We place the 

symbols  6, 7, 8, 9, 10 in the first five cells of the second 

row of this rectangle: 

1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 



6 7 8 9 10  

Suppose ὲ  ρπ. The basic rectangles have dimensions 

ρ ρπ,  ς  υȟ σ  τȟ τ  σȟυ ς  and  ρπ  ρ. 

We begin by filling in the ρ ρπ basic rectangle: 

 

 
 

Next, we consider the ς  υ basic rectangle. We place the 

symbols  6, 7, 8, 9, 10 in the first five cells of the second 

row of this rectangle: 

1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 



Next we deal with the 3 x 4 basic rectangle: 

 

 

 

 

We need the symbols 5 and 10 in that rectangle 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 



1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 

5 10 

Next we deal with the 3 x 4 basic rectangle: 

We move the symbols 5 and 10 to the first two cells 

in the third row. 
 



Next is the  4 x 3 basic rectangle: 

             

 

 

 

 

 

We move the symbols 4 and 9 to the first two cells in the 

fourth row. 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 

5 10 

4 9 



Next is the  5 x 2 basic rectangle: 

             

 

 

 

 

 

 

We move the symbols 3 and 8 to the first two cells in the 

fourth row. 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 

5 10 

4 9 

3 8 



Finally we get to the 1 x 10 basic rectangle: 

             

 

 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 

5 10 

4 9 

3 8 

2 

7 

10 

9 

8 

move 2, 7,10, 9 and 8 to the last rows of the first column 



The partial latin square below satisfies condition 2 of the 

definition of a type-1 RPA 

             

 

 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 

5 10 

4 9 

3 8 

2 

7 

10 

9 

8 



We merely need to fill the remaining cells so that each row 

contains all the symbols 1ð10. 

 

             

 

 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 

5 10 

4 9 

3 8 

2 

7 

10 

9 

8 



We merely need to fill the remaining cells so that each row 

contains all the symbols 1ð10. 

 

             

 

 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 

6 7 8 9 10 1 2 3 4 5 

5 10 1 2 3 4 6 7 8 9 

4 9 1 2 3 5 6 7 8 10 

3 8 1 2 4 5 6 7 9 10 

2 1 3 4 5 6 7 8 9 10 

7 1 2 3 4 5 6 8 9 10 

10 1 2 3 4 5 6 7 8 9 

9 1 2 3 4 5 6 7 8 10 

8 1 2 3 4 5 6 7 9 10 



It is easy to show that the above process works for all 
ὲ ρ since: 

} Each basic rectangle contains each symbol at least once, and 

} Each row in a basic rectangle contains no symbol twice. 

 

Hence we get our first theorem. 

 

Theorem: 

 

For all integers  ὲ  ρ, there exists a type-1 RPA(ὲ). 



Theorem:  If there exists a type-1 RPA(ὲ), then there exists a 

type-1,3 RPA(ὲ).   (So these exist for all ὲ) 

 

 

Theorem:  If there exists a type-1 RPA(ὲ), then there exists a 

type-1,4 RPA(ὲ). (So these exist for all ὲ) 

 

 

 

 

 



Theorem:  If there exists a type-1 RPA(ὲ), then there exists a 

type-1,3 RPA(ὲ).   (So these exist for all ὲ) 

 

 

Theorem:  If there exists a type-1 RPA(ὲ), then there exists a 

type-1,4 RPA(ὲ). (So these exist for all ὲ) 

 

 

 

Theorem: If ὲ is even and there exists a type-1,2 RPA(ὲ), then 

there exists a type-1,2,3,4 RPA(ὲ). 

 

 



Suppose ὲ is even. 

 

Weôll construct arrays ὃ ὥȟ  where for all ρ ὭȟὮ ὲ it holds 

that     ὥȟ ὥȟ ὲ ρ 

 



Suppose ὲ is even. 

 

Weôll construct arrays ὃ ὥȟ  where for all ρ ὭȟὮ ὲ it holds 

that     ὥȟ ὥȟ ὲ ρ 

 

Suppose we construct a type-1 RPA(ὲ), ensuring that after the basic 

rectangles have been filled in, no row contains two symbols that sum 

to ὲ  ρ (except for the first row, which is already a permutation of the 

n symbols). 

 

Then we can easily fill in the rest of A to construct a type-1, 2 RPA(ὲ): 

 1. For every filled cell ὭȟὮ , we define ὥȟ ὲ ρ ὥȟ 

 2. At this point, no row contains any symbol more than once, so 

     it is then a simple matter to complete each row to  a   

     permutation of the n symbols. 



As an easy example weôll make a  

 

type-1,2 RPA(8)  



Suppose ὲ  ψ. The basic rectangles have dimensions  

ρ  ψ,  ς τ,  σ σ,  τ ς,  and  ψ ρ 

We begin by filling in the 1 Ĭ 8 basic rectangle:  

 

 

 

 

1 2 3 4 5 6 7 8 



Suppose ὲ  ψ. The basic rectangles have dimensions  

ρ  ψ,  ς τ,  σ σ,  τ ς,  and  ψ ρ 

We begin by filling in the 1 Ĭ 8 basic rectangle:  

 

 

 

Next, we consider the ς  τ basic rectangle. We place the 

symbols  5, 6, 7, 8 in the first four cells of the second row of this 

rectangle, note that no two of these symbols sum to 9: 

 

1 2 3 4 5 6 7 8 

1 2 3 4 5 6 7 8 

5 6 7 8 



Now we consider the σ σ basic rectangle.  We fill in the first two 

cell of the third row with the symbols 4 and 8 (note τ ψ ω):  

 

 

 

 

 

1 2 3 4 5 6 7 8 

5 6 7 8 

4 8 



Now we consider the σ σ basic rectangle.  We fill in the first two 

cell of the third row with the symbols 4 and 8 (note τ ψ ω):  

 

 

 

 

 

Next look at the 4 Ĭ 2 basic rectangle. We have to fill in the 

symbols 3 and 7 (note that σ χ ω):  

1 2 3 4 5 6 7 8 

5 6 7 8 

4 8 

1 2 3 4 5 6 7 8 

5 6 7 8 

4 8 

3 7 



The last basic rectangle has size ψ ρȢ   It is completed by filling 

in the symbols 2,6,8,7 into the first cells of the last four rows  

1 2 3 4 5 6 7 8 

5 6 7 8 

4 8 

3 7 

2 

6 

8 

7 


