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Abstract— a new permutation technique based on distinct 
starter sets was introduced by employing circular and reversing 
operations. The crucial task is to generate the distinct starter sets 
by eliminating the equivalence starter sets. Meanwhile new 
strategies for starter sets generation without generating its 
equivalence starter sets were developed and more efficient in 
terms of computation time compared to old method. However all 
these algorithms have limitations in terms of fixing element to 
construct the first set (starter set) to begin with. It would be 
interesting to derive new strategy by fixing an element in any 
position. A new method is developed for starter sets generation 
namely STARSET1 based on circular where any element can be 
selected randomly to be fixed. The result showed that no 
redundancy of starter sets is occurring and no equivalence 
starter sets are obtained. 

Keywords—starter sets, permutation, circular 

I.  INTRODUCTION  
This permutation methods can be classified into two 

categories: (i) exchange-based techniques; (ii) non-exchange 
based techniques [1]. The exchange-based techniques generate 
the new permutation by making possible changes among two 
consecutive elements such as transposition of non-adjacent 
elements [2],[3], and transposition with adjacent element [4], 
[5],[6],[7],[8],[9]. Whilst non-exchange based techniques 
generate the new permutation with certain restriction such as 
lexicographic order [10], nested cyclic [11], and partial 
reversion [12],[13],[14]. Among all these methods,  generating 
permutation under cycling restriction was the simplest method 
compared to other technique for non-exchange based. 
Furthermore, this technique also is powerful due to its 
simplicity [1]. Several work on generating permutation has 
been done using the cycling restriction idea [1],[14],[16]. The 
recent construction of generating permutation by cycling 
restriction method as in [14] and [15],[16] used the idea of 
fixing element in the first position. Although  algorithm in 
[16] is more efficient in terms of computation time compared 
to [15], but all these algorithms have limitations in terms of 
fixing element to construct the first set (starter set) to begin 
with. Thus this work aims to model a strategy to construct 

starter set by fixing element in any position by employing 
circular technique. 

II. SOME PRELIMINARIES  
 

A. Definitions 
The following definitions will be used throughout this paper. 

Definition 2.1. A linear ordering of the elements of the set 
[ ] = [1, 2,3, , 1, ]n n n− is called a permutation.   

Definition 2.2. The identity permutation [1,2,3, , 1, ]n n− , 
denoted by ε  is the permutation that leaves all integers fixed.    

Definition 2.3. A starter set is a set that is used as a basis to 
enumerate other permutations. 

Definition 2.4.  The reverse set is a set that is produced by 
reversing the order of permutation set. 

Definition 2.5. A latin square of order n is an n× n array in 
which n distinct symbols are arranged where each symbol 
occurs once in each row and column. 

Definition 2.6. The circular permutation (CP) of order n  is a 
latin square of order n. 

Definition 2.7. The reverse of circular permutation (RoCP) is 
also a latin square of order n which  is obtained by reversing 
arrangement element in each row of circular permutation. 

Definition 2.8. An equivalence starter set is a set that can 
produce the same permutation from other starter set. 
 

 

B. Starter Set Enumeration  
 

In this section, we demonstrate the enumeration of starter 
sets by fixing any element under circular strategy for case n = 
4 and 5. 
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Let S be the set of n elements i.e (1,2,3,..., 1, )n n−  

Our previous method is as follows: 

Let n = 5,  and S = (1, 2, 3, 4, 5) and their starter  

as follows: 

 

1 2 4 5 3          1 2 5 3 4          1 2 3 4 5 

1 4 5 3 2          1 5 3 4 2          1 3 4 5 2 

1 5 3 2 4          1 3 4 2 5          1 4 5 2 3 

1 3 2 4 5          1 4 2 5 3          1 5 2 3 4 

 

where the first element is fix in first position. The process of 
generating starters based on 3 circular and 4 circular of the 
element recursively. 

 

Next we attempt to fix any element for circular method on 
linear ordering arrangement of permutation but it is 
complicated. Alternatively we rewrite the permutation as m-
cycles where the  3 ≤ m ≤ n-1. The selection of the m value is 
as recursive way where we have to start with 3, 4, 5,  until n-1 
which cannot be random selection. 

Let denote the position of the element to be fixed by selection 
is i.  Let consider the presentation of permutation in  n- cycle 
form, (1 2 3 4 5 ... n-1 n). For case i = 1 and n, we already 
discussed in our previous work in [17,18] 

Example: let n = 4, i = 2. S = (1 2 3 4). Thus we decompose it 
to  3-cycle form  as  

 (2)(1 3 4). 

For case n =4, the number of starter sets is 3. 

Case 1: i = 2 ,  

(2)(1 3 4) → (1 2 3 4) 

(2)( 3 4 1) → ( 3 2 4 1) 

(2)( 4 1 3) → ( 4 2 1 3) 

Their correspond equivalent starter is 

 (3 2 1 4) 

(4 2 3 1) 

(1 2 4 3) 

Case 2: i = 3,  3 cycle form is (3) (1 2 4) 

(3) (1 2 4) → (1 2 3 4) 

(3)(2 4 1) → (2 4 3 1) 

(3)(4 1 2) → (4 1 3 2) 

Their correspond equivalent starter is 

(1 4 3 2) 

 (2 4 3 1) 

( 4 2 3 1) 

Consider n = 5 ,  1<i<n,  3 ≤ m ≤ 4. 

Case 1: i = 2, value of m are 3 and 4. Thus we will generate 3-
cycle and then 4-cycle. 

S = (1 2 3 4 5).  Initially we need to generate 3-cycle.  When i 
= 2, S = (1)(2)(3 4 5) 

The first three initial starter set are 

(1)(2)(3 4 5) → ( 1 2 3 4 5) 

(1)(2)(4 5 3) → (1 2 4 5 3) 

(1)(2) (5 3 4) → ( 1 2 5 3 4) 

We are done with m = 3. Next is for m = 4. We reuse result the 
first initial starter set with 3-cycle and construct 4 cycle.  The 
element 2 is stay fix. 

(2)(1 3 4 5), (2)(1 4 5 3), (2)(1 5 3 4) 

Thus 12 starter sets as follows: 

First four starter sets: 

(2)(1 3 4 5) → (1 2 3 4 5) 

(2)(3 4 5 1) → (3 2 4 5 1) 

(2)(4 5 1 3) → ( 4 2 5 1 3) 

(2)(5 1 3 4) → (5 2 1 3 4) 

Second four starter sets: 

(2)(1 4 5 3) →(1 2 4 5 3) 

(2)(4 5 3 1) →(4 2 5 3 1) 

(2)(5 3 1 4) →(5 2 3 1 4) 

(2)(3 1 4 5) →(3 2 1 4 5) 

Third four starter sets: 

(2)(1 5 3 4) → (1 2 5 3 4) 

(2)(5 3 4 1) → (5 2 3 4 1) 

(2)(3 4 1 5) →(3 2 4 1 5) 

(2)(4 1 5 3) →(4 2 1 5 3) 

 

Case 2: i = 3. It will repeat a previous step. The different is 
element to be fixed is 3. When i = 3, S = (1)(3)(2 4 5). 

As usual, we develop 3-cycle. 

The first 3 initial starter sets: 

(1)(3)(2 4 5) →(1 2 3 4 5) 

(1)(3)(4 5 2) →(1 4 3 5 2) 

(1)(3)(5 2 4) →(1 5 3 2 4) 

Next is for m = 4. 
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Thus 12 starter sets as follows: 

First four starter sets: 

(3)(1 2 4 5) →(1 2 3 4 5) 

(3)(2 4 5 1) →(2 4 3 5 1) 

(3)(4 5 1 2) →(4 5 3 1 2) 

(3)(5 1 2 4) →(5 1 3 2 4) 

Second four starter sets: 

(3)(1 4 5 2) →(1 4 3 5 2) 

(3)(4 5 2 1) →(4 5 3 2 1) 

(3)(5 2 1 4) →(5 2 3 1 4) 

(3)(2 1 4 5) →(2 1 3 4 5) 

Third four starter sets 

(3)(1 5 2 4) →(1 5 3 2 4) 

(3)(5 2 4 1) →(5 2 3 4 1) 

(3)(2 4 1 5) → (2 4 3 1 5) 

(3)(4 1 5 2) →(4 1 3 5 2) 

III. GENERAL ALGORITHM  
Consider the algorithm presented from the circular strategy 

as procedure STARSET1 which is a recursion procedure with 
only one recursive call.  The integer n be an initial inputs, and 
temp = 2  is an initial rank of the procedure STARSET1. At 
each stage of recursion, a rank for procedure STARSET1 is 
starting at  2 until n-1 where each recursion called updates the 
entries in the storage. The general algorithm for starter sets 
generation by fixing any elements which based on circular 
strategy as follows: 

Let S be the set of n elements. S = (1,2,3,4,…,k,k+1,…,n-1,n). 
The element  is selected to be fixed denoted as  b. 

Algorithm 1. STARSET1 algorithm 

 

Procedure STARSET1(temp,b) 

if (temp == n-1)  

  print the result; 

  return ; 

     endif 

    for (i = 1; i <= temp+1; i++)  

  CP( temp+1); 

 call STARSET1 (temp+1, b); 

        endfor  

Algorithm 2. CP(m) 

for(k = 2; k<= m; ++k) 

 old = num[k]; 
 num[k] = num[k+1]; 
 num[k+1] = old; 

endfor 
 

We also provide step by step process of STARSET1 
procedure. 

Step 1: Set (1,2,3,4,…, k,k+1,…,n-2,n-1,n) be an initial starter 
set. 

Step 2: Select an element to be fixed as b where nb ≤≤1  and 
rewrite the initial starter set as (b,1,2,3,4,…, k,k+1,…,n-2,n-
1,n) 

Step 3: Identify the last three elements of each starter set in 
Step 2.  By employing CP operation to last three elements on 
each starter sets in Step 1, the three distinct starter sets are 
obtained. 

Step 4: Identify the last four elements of each starter set in 
Step 2.  By employing CP operation to last four elements on 
each starter sets in Step 2, the 12 distinct starter sets are 
obtained. 

. 

. 

. 

Step n-2: Identify the last (n-1) elements of each starter set in 
Step (n-3). By employing to the last (n-1) elements on each 

starter set in Step (n-2), the  ( 1)!
2

n −  distinct starter sets are 

obtained. Example output from STARSET1 PROGRAM: 

Enter the size of the element =5, element 2 is fixed. 

42153 

12534 

52341 

32415 

12354 

32541 

52413 

42135 

32451 

42513 

52134 

12345 

Enter the size of the element =5, element 3 is fixed 

24351 

52314 

15342 
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41325 

12354 

51342 

45321 

24315 

41352 

54321 

25314 

12345 

Enter the size of the element =5, element 4 is fixed. 

52143 

35241 

13542 

21345 

53241 

15342 

21543 

32145 

51342 

25143 

32541 

13245 

Conclusion  
Enumeration of a strategy to generate starter sets namely 
circular operations by fixing any elements randomly showed 
that this strategy guarantee that the generated starter sets are 
distinct and their equivalence starter sets will not be produced.  
To list all n! permutations, the circular and revering operation 
can be employed on those starter sets. 
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