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Introduction
A t-(v, k, λ) design is an ordered pair (X, B) where X is a v-set of 

points and B, called block set of b blocks such that each point lies on 
exactly r blocks, each block contains k points of X with the property that 
every t-subset of X is contained in exactly λ blocks where t ≤ k ≤ v [1,2].

The necessary conditions for holding a t-(v, k, λ) design are as 
follows:
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Corollary 1: For any t-(v, k, λ) design if i ≤ t then number of blocks 

containing a given i-subset of the points is a constant λi= /
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Corollary 2: Any t-(v, k, λ) design holds (v-v1)-(v, v - v2, 
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design, where 1 ≤ v2 ≤ v1< .

Definition 1: A t-(v, k, λ) design is said to be a symmetric design 
if v=b.

Definition 2: A t-(v, k, λ) design is defined as a Steiner system if λ=1 
and denoted by S(t, k, v).

In this paper, we define an n-dimensional t-(v, k, λ)n design. We 
describe this design with illustrative examples for n=2 and n=3. We also 
show that it is a t-(v, k, λ) design for n=1.

n-dimensional Uniform Design
Definition 3: Let X={X1, X2, . . . , Xi, . . . , Xn}, where Xi={xi1, xi2, . . . ,

xip, . . . , xiv} be an n-dimensional set, where Xi={xi1, xi2, . . . , xip, . . . , xiv} of 
cardinality v and {x1l, x2m, . . . , xip, . . . , xnu} is defined a node of X where 
1≤ l, m, . . . , p, . . . , u ≤ v so that the total number of nodes of X is v. We 
define X is an n-dimension of order v. Let B={B1, B2, . . . , Bj , . . . , Bb} of 
cardinality b, called block set, of order k (≤ v) the block Bj   ⊆ X ∀ j, Bj 
contains total kn nodes in which every element of Bj contains kn-1 nodes 
and occurs in exactly r blocks. Also let T={T1, T2, . . . , Ti, . . . , Tn} is an 
n-dimension of order  where Ti ⊆ Xi ∀ i and t ≤ k ≤ v, each element of
Ti contains tn-1 nodes and Ti contains total tn nodes such that every Ti
occurs in exactly λ blocks. Then the ordered pair (X, B) is defined to be
an n-dimensional uniform design and is denoted by t-(v, k, λ)n design.

The necessary conditions for holding t-(v, k, λ)n design are as 
follows:
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Corollary 3: If t-(v, k, λ)n design is a t-design, i ≤ t, then number 

of blocks containing a given i-subset of the points is a constant λi= 

/
n
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Corollary 4: Any t-(v, k, λ)n design holds (v – v1)-(v, v - v2, 
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) 
design, where 1 ≤ v2 ≤ v1<v.

It shows that t-(v, k, λ)n design holds all the necessary conditions 
and the corollaries of t-(v, k, λ) design for n=1.

Definition 4: A t-(v, k, λ)n design is said to be a symmetric design 

if 
1
nb v= .

Definition 5: A t-(v, k, λ)n design is defined as a Steiner system if 
λ=1 and denoted by S(t, k, v)n.

Theorem 1: If t=k, then t-(v, k, λ)n design is Steiner.

Example 1: Let X={X1, X2} Where X1={1, 2, 3, 4, 5}, X2={a, b, c, d, 
e} i.e., X is 2-dimensional of order 5 i.e., n=2, v=5. We write a node of X
as (i, j) where i ∈ X1 and j ∈ X2. Therefore we have the following nodes:

a b c d e
1 (1,a) (1,b) (1,c) (1,d) (1,e)
2 (2,a) (2,b) (2,c) (2,d) (2,e)
3 (3,a) (3,b) (3,c) (3,d) (3,e)
4 (4,a) (4,b) (4,c) (4,d) (5,e)
5 (5,a) (5,b) (5,c) (5,d) (5,e)

1. Now we construct the block set B of order 4 and are given below:
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(1, a) (1, b) (1, c) (1, d)
(2, a) (2, b) (2, c) (2, d)
(3, a) (3, b) (3, c) (3, d)
(4, a) (4, b) (4, c) (4, d)

             
(1, a) (1, b) (1, c) (1, e)
(2, a) (2, b) (2, c) (2, e)
(3, a) (3, b) (3, c) (3, e)
(4, a) (4, b) (4, c) (4, e)

                        

                                                         

                                                 (1, a) (1, b) (1, d) (1, e)
(2, a) (2, b) (2, d) (2, e)
(3, a) (3, b) (3, d) (3, e)
(4, a) (4, b) (4, d) (4, e)

         (1, a) (1, c) (1, d) (1, e)
(2, a) (2, c) (2, d) (2, e)
(3, a) (3, c) (3, d) (3, e)
(4, a) (4, c) (4, d) (4, e)

           
(1, b) (1, c) (1, d) (1, e)
(2, b) (2, c) (2, d) (2, e)
(3, b) (3, c) (3, d) (3, e)
(4, b) (4, c) (4, d) (4, e)

                                                          

                                                                         (1, a) (1, b) (1, c) (1, d)
(2, a) (2, b) (2, c) (2, d)
(3, a) (3, b) (3, c) (3, d)
(5, a) (5, b) (5, c) (5, d)

             (1, a) (1, b) (1, c) (1, e)
(2, a) (2, b) (2, c) (2, e)
(3, a) (3, b) (3, c) (3, e)
(5, a) (5, b) (5, c) (5, e)

  

                                          

                                                  
(1, a) (1, b) (1, d) (1, e)
(2, a) (2, b) (2, d) (2, e)
(3, a) (3, b) (3, d) (3, e)
(5, a) (5, b) (5, d) (5, e)

          
(1, a) (1, c) (1, d) (1, e)
(2, a) (2, c) (2, d) (2, e)
(3, a) (3, c) (3, d) (3, e)
(5, a) (5, c) (5, d) (5, e)

           
(1, b) (1, c) (1, d) (1, e)
(2, b) (2, c) (2, d) (2, e)
(3, b) (3, c) (3, d) (3, e)
(5, b) (5, c) (5, d) (5, e)                                           

                                                                         

(1, a) (1, b) (1, c) (1, d)
(2, a) (2, b) (2, c) (2, d)
(4, a) (4, b) (4, c) (4, d)
(5, a) (5, b) (5, c) (5, d)

          

(1, a) (1, b) (1, c) (1, e)
(2, a) (2, b) (2, c) (2, e)
(4, a) (4, b) (4, c) (4, e)
(5, a) (5, b) (5, c) (5, e)

 

                                                

(1, a) (1, b) (1, d) (1, e)
(2, a) (2, b) (2, d) (2, e)
(4, a) (4, b) (4, d) (4, e)
(5, a) (5, b) (5, d) (5, e)

             

(1, a) (1, c) (1, d) (1, e)
(2, a) (2, c) (2, d) (2, e)
(4, a) (4, c) (4, d) (4, e)
(5, a) (5, c) (5, d) (5, e)

            

(1, b) (1, c) (1, d) (1, e)
(2, b) (2, c) (2, d) (2, e)
(4, b) (4, c) (4, d) (4, e)
(5, b) (5, c) (5, d) (5, e)

                                                                       (1, a) (1, b) (1, c) (1, d)
(3, a) (3, b) (3, c) (3, d)
(4, a) (4, b) (4, c) (4, d)
(5, a) (5, b) (5, c) (5, d)

            (1, a) (1, b) (1, c) (1, e)
(3, a) (3, b) (3, c) (3, e)
(4, a) (4, b) (4, c) (4, e)
(5, a) (5, b) (5, c) (5, e)

                                               
(1, a) (1, b) (1, d) (1, e)
(3, a) (3, b) (3, d) (3, e)
(4, a) (4, b) (4, d) (4, e)
(5, a) (5, b) (5, d) (5, e)

              
(1, a) (1, c) (1, d) (1, e)
(3, a) (3, c) (3, d) (3, e)
(4, a) (4, c) (4, d) (4, e)
(5, a) (5, c) (5, d) (5, e)

             
(1, b) (1, c) (1, d) (1, e)
(3, b) (3, c) (3, d) (3, e)
(4, b) (4, c) (4, d) (4, e)
(5, b) (5, c) (5, d) (5, e)

	

				          

(2, a) (2, b) (2, c) (2, d)
(3, a) (3, b) (3, c) (3, d)
(4, a) (4, b) (4, c) (4, d)
(5, a) (5, b) (5, c) (5, d)

               

(2, a) (2, b) (2, c) (2, e)
(3, a) (3, b) (3, c) (3, e)
(4, a) (4, b) (4, c) (4, e)
(5, a) (5, b) (5, c) (5, e)

                                               

(2, a) (2, b) (2, d) (2, e)
(3, a) (3, b) (3, d) (3, e)
(4, a) (4, b) (4, d) (4, e)
(5, a) (5, b) (5, d) (5, e)

              

(2, a) (2, c) (2, d) (2, e)
(3, a) (3, c) (3, d) (3, e)
(4, a) (4, c) (4, d) (4, e)
(5, a) (5, c) (5, d) (5, e)

             

(2, b) (2, c) (2, d) (2, e)
(3, b) (3, c) (3, d) (3, e)
(4, b) (4, c) (4, d) (4, e)
(5, b) (5, c) (5, d) (5, e)

Each row or column of Bj, 1 ≤ j ≤ 25 is called the element of Bj. Therefore, we have v=5, k=4, b=25 and r=4. Hence it holds 4-(5, 4, 1)2, 3-(5, 4, 
4)2, 2-(5, 4, 9)2, 1-(5, 4, 16)2 designs. Also it satisfies all the necessary conditions and the corollaries of the n-dimensional Uniform t-(v, k, λ)n Design.

2. Now we construct the block set B of order 3 and are given below:
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(1, a) (1, b) (1, c)
(2, a) (2, b) (2, c)
(3, a) (3, b) (3, c)

     
(1, a) (1, b) (1, d)
(2, a) (2, b) (2, d)
(3, a) (3, b) (3, d)

    
(1, a) (1, b) (1, e)
(2, a) (2, b) (2, e)
(3, a) (3, b) (3, e)

   
(1, a) (1, c) (1, d)
(2, a) (2, c) (2, d)
(3, a) (3, c) (3, d)

   
(1, b) (1, c) (1, e)
(2, b) (2, c) (2, e)
(3, b) (3, c) (3, e)

       (1, a) (1, d) (1, e)
(2, a) (2, d) (2, e)
(3, a) (3, d) (3, e)

     (1, b) (1, c) (1, d)
(2, b) (2, c) (2, d)
(3, b) (3, c) (3, d)

    (1, b) (1, c) (1, e)
(2, b) (2, c) (2, e)
(3, b) (3, c) (3, e)

    (1, b) (1, d) (1, e)
(2, b) (2, d) (2, e)
(3, b) (3, d) (3, e)

   (1, c) (1, d) (1, e)
(2, c) (2, d) (2, e)
(3, c) (3, d) (3, e)

      (1, a) (1, b) (1, c)
(2, a) (2, b) (2, c)
(4, a) (4, b) (4, c)

     (1, a) (1, b) (1, d)
(2, a) (2, b) (2, d)
(4, a) (4, b) (4, d)

     
(1, a) (1, b) (1, e)
(2, a) (2, b) (2, e)
(4, a) (4, b) (4, e)

    
(1, a) (1, c) (1, d)
(2, a) (2, c) (2, d)
(4, a) (4, c) (4, d)

   
(1, b) (1, c) (1, e)
(2, b) (2, c) (2, e)
(4, b) (4, c) (4, e)            

      (1, a) (1, d) (1, e)
(2, a) (2, d) (2, e)
(4, a) (4, d) (4, e)

      (1, b) (1, c) (1, d)
(2, b) (2, c) (2, d)
(4, b) (4, c) (4, d)

    (1, b) (1, c) (1, e)
(2, b) (2, c) (2, e)
(4, b) (4, c) (4, e)

    (1, b) (1, d) (1, e)
(2, b) (2, d) (2, e)
(4, b) (4, d) (4, e)

   (1, c) (1, d) (1, e)
(2, c) (2, d) (2, e)
(4, c) (4, d) (4, e)             

     
(1, a) (1, b) (1, c)
(2, a) (2, b) (2, c)
(5, a) (5, b) (5, c)

     
(1, a) (1, b) (1, d)
(2, a) (2, b) (2, d)
(5, a) (5, b) (5, d)

     
(1, a) (1, b) (1, e)
(2, a) (2, b) (2, e)
(5, a) (5, b) (5, e)

     
(1, a) (1, c) (1, d)
(2, a) (2, c) (2, d)
(5, a) (5, c) (5, d)

   
(1, b) (1, c) (1, e)
(2, b) (2, c) (2, e)
(5, b) (5, c) (5, e)

    (1, a) (1, d) (1, e)
(2, a) (2, d) (2, e)
(5, a) (5, d) (5, e)

      (1, b) (1, c) (1, d)
(5, b) (5, c) (5, d)
(5, b) (5, c) (5, d)

     (1, b) (1, c) (1, e)
(2, b) (2, c) (2, e)
(5, b) (5, c) (5, e)

    (1, b) (1, d) (1, e)
(2, b) (2, d) (2, e)
(5, b) (5, d) (5, e)

    (1, c) (1, d) (1, e)
(2, c) (2, d) (2, e)
(5, c) (5, d) (5, e)

            

     
(1, a) (1, b) (1, c)
(3, a) (3, b) (3, c)
(4, a) (4, b) (4, c)

      
(1, a) (1, b) (1, d)
(3, a) (3, b) (3, d)
(4, a) (4, b) (4, d)

     
(1, a) (1, b) (1, e)
(3, a) (3, b) (3, e)
(4, a) (4, b) (4, e)

    
(1, a) (1, c) (1, d)
(3, a) (3, c) (3, d)
(4, a) (4, c) (4, d)

     
(1, b) (1, c) (1, e)
(3, b) (3, c) (3, e)
(4, b) (4, c) (4, e)

 

 

    (1, a) (1, d) (1, e)
(3, a) (3, d) (3, e)
(4, a) (4, d) (4, e)

      (1, b) (1, c) (1, d)
(3, b) (3, c) (3, d)
(4, b) (4, c) (4, d)

     (1, b) (1, c) (1, e)
(3, b) (3, c) (3, e)
(4, b) (4, c) (4, e)

    (1, b) (1, d) (1, e)
(3, b) (3, d) (3, e)
(4, b) (4, d) (4, e)

     (1, c) (1, d) (1, e)
(3, c) (3, d) (3, e)
(4, c) (4, d) (4, e)

    
(1, a) (1, b) (1, c)
(3, a) (3, b) (3, c)
(5, a) (5, b) (5, c)

      
(1, a) (1, b) (1, d)
(3, a) (3, b) (3, d)
(5, a) (5, b) (5, d)

     (1, a) (1, b) (1, e)
(3, a) (3, b) (3, e)
(5, a) (5, b) (5, e)

    (1, a) (1, c) (1, d)
(3, a) (3, c) (3, d)
(5, a) (5, c) (5, d)

     (1, b) (1, c) (1, e)
(3, b) (3, c) (3, e)
(5, b) (5, c) (5, e)             

  

    
(1, a) (1, d) (1, e)
(3, a) (3, d) (3, e)
(5, a) (5, d) (5, e)

      
(1, b) (1, c) (1, e)
(3, b) (3, c) (3, e)
(5, b) (5, c) (5, e)

     
(1, b) (1, d) (1, e)
(3, b) (3, d) (3, e)
(5, b) (5, d) (5, e)

     
(1, b) (1, c) (1, d)
(3, b) (3, c) (3, d)
(5, b) (5, c) (5, d)

     
(1, c) (1, d) (1, e)
(3, c) (3, d) (3, e)
(5, c) (5, d) (5, e)

  

   

    
(1, a) (1, b) (1, c)
(4, a) (4, b) (4, c)
(5, a) (5, b) (5, c)

      
(1, a) (1, b) (1, d)
(4, a) (4, b) (4, d)
(5, a) (5, b) (5, d)

     (1, a) (1, b) (1, e)
(4, a) (4, b) (4, e)
(5, a) (5, b) (5, e)

      (1, a) (1, c) (1, d)
(4, a) (4, c) (4, d)
(5, a) (5, c) (5, d)

     (1, b) (1, c) (1, e)
(4, b) (4, c) (4, e)
(5, b) (5, c) (5, e)
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(1, a) (1, d) (1, e)
(4, a) (4, d) (4, e)
(5, a) (5, d) (5, e)

      
(1, b) (1, c) (1, d)
(4, b) (4, c) (4, d)
(5, b) (5, c) (5, d)

     
(1, b) (1, c) (1, e)
(4, b) (4, c) (4, e)
(5, b) (5, c) (5, e)

      
(1, b) (1, d) (1, e)
(4, b) (4, d) (4, e)
(5, b) (5, d) (5, e)

     
(1, c) (1, d) (1, e)
(4, c) (4, d) (4, e)
(5, c) (5, d) (5, e)             

   (2, a) (2, b) (2, c)
(3, a) (3, b) (3, c)
(4, a) (4, b) (4, c)

      (2, a) (2, b) (2, d)
(3, a) (3, b) (3, d)
(4, a) (4, b) (4, d)

     (2, a) (2, b) (2, e)
(3, a) (3, b) (3, e)
(4, a) (4, b) (4, e)

      (2, a) (2, c) (2, d)
(3, a) (3, c) (3, d)
(4, a) (4, c) (4, d)

     (2, b) (2, c) (2, e)
(3, b) (3, c) (3, e)
(4, b) (4, c) (4, e)            

   
(2, a) (2, d) (2, e)
(3, a) (3, d) (3, e)
(4, a) (4, d) (4, e)

      
(2, b) (2, c) (2, d)
(3, b) (3, c) (3, d)
(4, b) (4, c) (4, d)

     
(2, b) (2, c) (2, e)
(3, b) (3, c) (3, e)
(4, b) (4, c) (4, e)

      
(2, b) (2, d) (2, e)
(3, b) (3, d) (3, e)
(4, b) (4, d) (4, e)

    
(2, c) (2, d) (2, e)
(3, c) (3, d) (3, e)
(4, c) (4, d) (4, e)

  

               

              

   
(2, a) (2, b) (2, c)
(3, a) (3, b) (3, c)
(5, a) (5, b) (5, c)

      
(2, a) (2, b) (2, d)
(3, a) (3, b) (3, d)
(5, a) (5, b) (5, d)

     
(2, a) (2, b) (2, e)
(3, a) (3, b) (3, e)
(5, a) (5, b) (5, e)

      
(2, a) (2, c) (2, d)
(3, a) (3, c) (3, d)
(5, a) (5, c) (5, d)

     
(2, b) (2, c) (2, e)
(3, b) (3, c) (3, e)
(5, b) (5, c) (5, e)

             

   
(2, a) (2, d) (2, e)
(3, a) (3, d) (3, e)
(5, a) (5, d) (5, e)

      
(2, b) (2, c) (2, d)
(3, b) (3, c) (3, d)
(5, b) (5, c) (5, d)

      
(2, b) (2, c) (2, e)
(3, b) (3, c) (3, e)
(5, b) (5, c) (5, e)

      
(2, b) (2, d) (2, e)
(3, b) (3, d) (3, e)
(5, b) (5, d) (5, e)

     
(2, c) (2, d) (2, e)
(3, c) (3, d) (3, e)
(5, c) (5, d) (5, e)

   (2, a) (2, b) (2, c)
(4, a) (4, b) (4, c)
(5, a) (5, b) (5, c)

       (2, a) (2, b) (2, d)
(4, a) (4, b) (4, d)
(5, a) (5, b) (5, d)

      (2, a) (2, b) (2, e)
(4, a) (4, b) (4, e)
(5, a) (5, b) (5, e)

     (2, a) (2, c) (2, d)
(4, a) (4, c) (4, d)
(5, a) (5, c) (5, d)

      (2, b) (2, c) (2, e)
(4, b) (4, c) (4, e)
(5, b) (5, c) (5, e)

   (2, a) (2, d) (2, e)
(4, a) (4, d) (4, e)
(5, a) (5, d) (5, e)

       
(2, b) (2, c) (2, d)
(4, b) (4, c) (4, d)
(5, b) (5, c) (5, d)

      
(2, b) (2, c) (2, e)
(4, b) (4, c) (4, e)
(5, b) (5, c) (5, e)

      
(2, b) (2, d) (2, e)
(4, b) (4, d) (4, e)
(5, b) (5, d) (5, e)

      (2, c) (2, d) (2, e)
(4, c) (4, d) (4, e)
(5, c) (5, d) (5, e)

   (3, a) (3, b) (3, c)
(4, a) (4, b) (4, c)
(5, a) (5, b) (5, c)

      (3, a) (3, b) (3, d)
(4, a) (4, b) (4, d)
(5, a) (5, b) (5, d)

      (3, a) (3, b) (3, e)
(4, a) (4, b) (4, e)
(5, a) (5, b) (5, e)

       (3, a) (3, c) (3, d)
(4, a) (4, c) (4, d)
(5, a) (5, c) (5, d)

       (3, b) (3, c) (3, e)
(4, b) (4, c) (4, e)
(5, b) (5, c) (5, e)

   (3, a) (3, d) (3, e)
(4, a) (4, d) (4, e)
(5, a) (5, d) (5, e)

      (3, b) (3, c) (3, d)
(4, b) (4, c) (4, d)
(5, b) (5, c) (5, d)

      (3, b) (3, c) (3, e)
(4, b) (4, c) (4, e)
(5, b) (5, c) (5, e)

       (3, b) (3, d) (3, e)
(4, b) (4, d) (4, e)
(5, b) (5, d) (5, e)

       (3, c) (3, d) (3, e)
(4, c) (4, d) (4, e)
(5, c) (5, d) (5, e)

Each row or column of Bj, 1 ≤ j  100 is called the element of Bj. Therefore, we have v=5, k=3, b=100, r=6. Hence it holds 3-(5, 3, 1)2, 2-(5, 3, 9)2, 
1-(5, 3, 36)2 designs. Also it satisfies all the necessary conditions and the corollaries of the n-dimensional Uniform t-(v, k, λ)n Design.

Example 2: Let X={X1, X2, X3} Where X1={1, 2, 3}, X2={1, 2, 3}, X3={1, 2, 3} i.e., X is 3-dimensional of order 3. We write {X1, X2, X3} as (i, j, l) where 
i ∈ X1, j ∈ X2 and l ∈ X3. Therefore we have the following nodes (Figure 1).

3. Now we construct the block set B of order 2 and are given in figure 2.

Each plane of Bj, 1 ≤ j ≤ 27 is called the element of Bj. Therefore, we have v=3, k=2, b=27, r=2. Hence it holds 2-(3, 2, 1)3, 1-(3, 2, 8)3 designs. Also 
it satisfies necessary conditions and the corollaries of the n-dimensional Uniform t-(v, k, λ)n Design.
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Conclusion
In this paper, we introduce a new design on n-dimension. The existing one dimensional t-(v, k, λ) design has many applications in code 

authentication, optical orthogonal codes, erasure codes and information dispersal, group testing and superimposed codes software testing, game 
scheduling, disc layout and interconnection network, threshold and ramp schemes etc. But in practical, code authentication (Fibonacci coding/
decoding) where Fibonacci coding is defined by:

1 2
1

1 0

1 1
1 0

F F
Q

F F
  

= =   
   

Game scheduling (multi-criterion), multi drop networks, software (multi-purposes) testing, threshold and ramp schemes etc. are in more than 
one dimension. Hence the n-dimensional design has more applications in real world problems disk layout and striping, partial match queries of 
files etc.
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Figure 2: Block set B of order 2.


	Title

	Abstract
	Corresponding author
	Keywords
	Introduction
	n-dimensional Uniform Design
	Conclusion
	Acknowledgement
	Figure 1

	Figure 2

	References



