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 This research presents the interleaving two approaches. These are 

intelligence's ideas as well as heuristic technique as 8-puzzle and sudoku grid 

to solve the nurse rostering. The research proposed algorithm to assign shifts 
cyclically. It is considered by three shifts in one day to 9 nurses, each nurse 

has 8 days work with a holiday in the cyclically scheduling. The task appeared 

the allocation of nursing staff in health unit management theoretically. There 

are three shifts which cover 24 hours. The shifts are early, late, and night. This 
algorithm simulated the shifts through the directions of blank’s move in  

8-puzzle with the methodology of sudoku grid with hard constraints should be 

met at all times. In our solution do on two goals first, we create a schedule that 

meets all the tough constraints and guarantees fairness. The second objective 
is to try to verify as many of the soft constraints as possible, by shifting and 

rotating while maintaining the soft constraints. The approach was 

implemented as a simulation, and a satisfactory result was demonstrated. 

experimental effects are extremely convenient and versatile to find 
appropriate nursing rostering schedule, rather than using manual techniques. 

The code developed to simulate it in MATLAB. 
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1. INTRODUCTION 

The nursing rostering problem is a combinatorial problem [1]. Nurse rostering problem was an active 

area of study and interest within artificial intelligence. A roster is described as a collection of nurse assignments 

for day-to-day shifts over a given period of time [2]–[4]. The number of hours worked per nurse per week or 

satisfying duration. In nurse schedules, their cyclical attributes may be classified accordingly. A group of nurses 

operates a set schedule for service in cyclical scheduling, and this schedule will be repeated as many times as 

possible into the future. Cyclic scheduling is effective because the coverage is balanced over the schedule's 

days and shifts. The day is split into three shifts as an early day shift, a late day shift, and a night shift [5]–[7]. 

The task is to create cyclic schedules for a group of nurses by assigning each nurse one of several possible shift 

patterns [8]–[10]. These schedules have to execute job contracts and satisfy demand specifications for a given 

number of nurses in each shift. These schedules must fulfill working contracts and meet the demand in every 

shift for a specified number of nurses. There are many solutions to the nursing rostering problems in earlier 

literature and although the problem of allocating work shifts to nurses is very difficult. This research focused 

on nurse rostering by using methods of artificial intelligence. The dilemma with nurses being assigned to 

service rosters exists in wards of health units around the world. Nurse rostering is a schedule consisting of shift 

assignments and nurses working in a health unit to rest days [11]–[13]. Heuristic strategies are aimed at finding 

good solutions but optimal solutions of this nature are not guaranteed [14], [15]. 

https://creativecommons.org/licenses/by-sa/4.0/
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This study is the first of its kind by integrating the concepts of artificial intelligence and its algorithms 

in solving the problem of rostering nurses and in a proposed algorithm that includes emphasizing the 

application of hard constraints and not violating them, as well as applying the soft constraints to the problem 

to be solved as much as possible. The aim of research to heuristically create cyclically nursing rostering through 

artificial intelligence problems as 8-puzzle and sudoku grid. The research is organized according to the 

following. Firstly, we described the nursing rostering problem. Later, we present the heuristic approach and 

cyclic rosters and it showed the behaviors of 8-Puzzle and Sudoku grid approaches in section two. Additionally, 

the attributes for proposed constraints were defined in section two following the hard constraints and the soft 

constraints. Section three are described in detail the cyclic schedule design with the proposed algorithm for 

building of cyclic schedule. Section four discusses the results are examined. Finally, section five concludes 

this research. 

 

 

2. HEURISTIC APPROACH AND CYCLIC ROSTERS 

A roster is described as a collection of nurse assignments to day-to-day shifts over a given period [16]. 

For combinatorial problems, a heuristic approach may generate efficient results for hard combinatorial 

problems such as nurse rostering in obtaining optimal/near-optimal results [17]–[19]. Heuristics have been 

used to fix employee staffing concerns. In cyclical rosters, all workers of the same class perform precisely the 

same line of work. For acyclic rosters, the lines of jobs for individual workers are fully independent. In acyclic 

rosters, the lines of work are completely independent for individual employees [20]. Also, it is referred to as 

fixed scheduling [21]. The accurate specifics of the issue, however, vary from hospital to hospital. A selection 

of nurses for cyclical scheduling. In cyclical scheduling, a set of nurses work a fixed duty roster, and this roster 

is repeated as many times as required into the future [14], [21], [22].  

 

2.1.  Behaviors of 8-puzzle and sudoku grid approaches 

The 8-puzzle is a square tray, where 8 square tiles are placed. The remaining square of ninth is 

uncovered. Each tile has a number on it. In that space, a tile that is adjacent to the blank space can slide. A 

game consists of a starting position and a goal position that is assigned. The sliding tile puzzle, which features 

n tiles numbered from 1 to n and one blank tile in a square grid, is also called the n-puzzle [23]. Sudoku grid 

is a popular problem of combinatorial optimization and is known as Np-complete. Sudoku puzzle is composed 

of 81 cells, contained in a 9×9 grid. Each cell includes a single integer between one and nine. Divide the grid 

into nine sub-grids 3×3. The constraints of the Sudoku problem are met with each row, column, and sub-grid 

3×3 of cells to contain the integers one through to nine exactly once [24], [25].  

 

2.2.  Attributes for proposed constraints 

Preliminary, the research addressed the issue of rostering. Nurse rostering is a sort of resource-sharing 

question that allows nurses to be allocated the workload regularly. The job is to locate change allocations, for 

a group of nurses as 9 nurses, over a fixed period of time as 8 days with the holiday. Each shift time equals 8 

hours. The day is divided into three shifts an early, late, and night. This problem had constraints as hard and 

soft. In this research, we focused on the directions for blank’s move in 8-puzzle and generate nine submatrices, 

each sub-matrix was 3×3 and it contained one blank; thus, we generated the matrix 9×9. This matrix is the 

Aggregation of the nine submatrices, each of which represents 8-puzzle, also this matrix contained one blank 

in a row, column, and diagonal. This stems from the hypothesis of interleaving between 8-puzzle concepts and 

the sudoku grid. 

 

2.3.  The hard constraints 

In this research, the schedule is invalid when hard constraints fail. The hard constraints are enforced 

and should always be met. The hard constraints are: i) the nurse is assigned one shift. The nurse will not be 

assigned to either the early shift, late shift, or night shift on the same day, ii) no early shift after night shift, and 

iii) during a holiday, a nurse may not work shifts. 

 

2.4.  The soft constraints  

In this analysis, the soft constraints include: i) a maximum number of shifts operated as three shifts 

during the scheduling period, ii) the average number of the working hour are 8 hours, iii) the total number of 

consecutive working days are 8, with one holiday, iv) for each nurse, no shifts over the holiday day, and  

v) Each day, three kinds of shifts are distributed with the holiday to all nurses.  
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3. CYCLIC SCHEDULE DESIGN 

Proposed steps produce cyclical scheduling to consulting a nurse roster solution, by assigning the 

number of three type’s shifts. Within a scheduling period of 9 days as 8 days with holiday to 9 nurses.  

Step 1: Initialize 8-puzzle square and we highlighted the blank position. The character x denoted to the blank 

in 8-puzzle in Figure 1. 

Step 2: Generate 9 samples of 8-puzzle by moving the blank’s position to each position in 8-puzzle. Illustrated 

graphically in Figure 2. 

 

 

  
 

Figure 1. 8-puzzle square 

 

 

Figure 2. Cases of 8-puzzle’s blank with different 

directions 

 

 

Step 3: Generate matrix as 9×9. Divide the matrix into 9 sub-matrixes of 3×3. This matrix is the structural 

sudoku grid. Illustrated graphically in Figure 3.  

Step 4: In Figure 4 noticed the characters E, L and N mean early, late, and night shifts respectively. Assign 

first column, second column, and third column by characters E, L, N, in first, fourth and seventh 

submatrices. Assign first column, second column, and third column by characters L, N, E, in second, 

fifth, and eighth submatrices by rotating the column E to right in the previous original assignment. 

Assign first column, second column, and third column by characters N, E, L, in third, sixth, and ninth 

submatrices by rotating the column N to left in the previous original assignment. Illustrated graphically 

in Figure 4. 

 

 

  
 

Figure 3. Original matrix 

 

Figure 4. Shifts assignment 

 

 

Step 5: We can obtain several matrixes 9×9 by assigning all cases (nine) of 8-Puzzle with different 

arrangements. Here, the arrangement for cases of 8- Puzzle’s blank with different directions are arbitrary 

on the condition that there is a single blank in the row, column, or diagonal to satisfy the constraints of 

the Sudoku grid as follows in Figure 5. Figure 5 is the source or foundation in the generation of the rest 

of the forms through shifting and rotating operations. In Figure 5, we noticed the distribution of blanks 

in the first row, second row, and third row in the first, second and third submatrices respectively. The 

blanks are shifted to the right by once column to generate the fourth, fifth and sixth submatrices 

respectively. Also, the blanks are shifted to the right by twice columns to generate the seventh, eighth, 

and ninth submatrices respectively. 
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Step 6: When we rotate to down the first, second, and third submatrices in Figure 5, thus generate the Figure 6 

case 2, also, the rest of the submatrices get rotated. 

Step 7: When we rotate to up the seventh, eighth, and ninth submatrices in Figure 5, thus generate the  

Figure 7 case 3, also, the rest of the submatrices get rotated. 

Step 8: When we shift to the right first, fourth, and seventh submatrices in Figure 5, thus generate the Figure 8 

case 4, also the rest of the submatrices get shifted. 

 

 

  
 

Figure 5. Case 1 (source case) 

 

 

 

Figure 6. Case 2 (Step 6) 

  
 

Figure 7. Case 3 (Step 7) 

 

Figure 8. Case 4 (Step 8) 

 

 

Step 9: When the shift to the left the second, fifth, and eighth submatrices in Figure 5, thus generate the  

Figure 9 case 5, also the rest of the submatrices get shifted. 

Step 10: To assign the holiday day through Figure 5 Case 1 Source case for each nurse, for each blank in  

Figure 5 represented the position of holiday in the final matrix as Figure 10. To assign all shifts in the 

final solution through.  

Figures 5 to 9 with duplicate some figures. Each row of the above-mentioned forms refers to each nurse.  

Figure 10 illustrated the schedule is a complete of shifts generated.  

 

 

 
 

Figure 9. Case 5 (Step 9) 
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Figure 10. Shifts generated by proposed algorithm for 9 nurses with 9 days 

 

 

3.1.  Proposed algorithm for building of cyclic schedule 

Below, sections of pseudo-code for building the cyclic schedule for the problem as shown:  

 
Begin                          {Shift Assignment} 

Generate matrix by n×n divided into n submatrices has size 3×3.  

         That n = 9 and represent the number of nurses.  

Assign three of shift’s type in first, second, and third columns in matrix n×n as  

Let column1 =E;     where E is the Early shift in a day 

Let column2 =L;     where L is the Late shift in a day  

Let column3 =N;    where N is the night shift in a day  

 Assign each column in first, fourth, and seventh submatrices as E, L, N by: 

𝑗 = 1 
𝐹𝑜𝑟 𝑖 = 1 𝑡𝑜 3;    where i number of submatrices  
      Ordersubmatrix[i] = j 

       𝑗 = 𝑗 + 3        
End 

 

Apply rotate operation about E, L, N columns. Column E rotate to the right. Assign each column in second, 

fifth, and eighth submatrices as E, L, N in Figure 11. 

 
𝐹𝑜𝑟 𝑖 = 1 𝑡𝑜 3 
   𝑛𝑒𝑤_𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 =  𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 [𝑖]  + 1 
   𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 [𝑖]  =  𝑛𝑒𝑤_𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 
End 

 

Apply rotate operation about E, L, N columns. The column N rotates to the left in Figure 12. 

 

 

 
 

Figure 11. Rotate operation to right 

 

 

 
 

Figure 12. Rotate operation to left 
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Assign each column in third, sixth, and ninth submatrices as N, L, E by 

 
𝐹𝑜𝑟 𝑖 = 1 𝑡𝑜 3 
   𝑛𝑒𝑤_𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 =  𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 [𝑖]  + 1 
   𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 [𝑖]  =  𝑛𝑒𝑤_𝑂𝑟𝑑𝑒𝑟𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥 
End 

End                            {Shift Assignment} 

Begin                          {Pseudo-code for building holiday day} 

𝐹𝑜𝑟 𝑖 = 1 𝑡𝑜 9 
     𝐶𝑜𝑢𝑛𝑡 =  0   
        𝐹𝑜𝑟 𝑗 = 1 𝑡𝑜 9 
             𝐼𝑓  𝑖 == 𝑗               ; check the diagonal 
                 𝐹𝑜𝑟 𝑚 = 1 𝑡𝑜 9                 
                      𝐼𝑓  𝑐𝑎𝑠𝑒5[𝑚, 𝑚]  =  𝑏𝑙𝑎𝑛𝑘  
                       𝐶𝑜𝑢𝑛𝑡 = 𝑐𝑜𝑢𝑛𝑡 + 1 
                        End                 

                 End 

               𝐼𝑓 𝑐𝑜𝑢𝑛𝑡 == 1  
                 Then assign Holiday to nurse “satisfy constraints of Sudoku grid”  

              End               

            End 

             𝐼𝑓  𝑐𝑎𝑠𝑒5[𝑖, 𝑗]  =  𝑏𝑙𝑎𝑛𝑘  
              𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 _𝑜𝑓_𝑏𝑙𝑎𝑛𝑘 = 𝑗 
              𝐶𝑜𝑢𝑛𝑡 = 𝑐𝑜𝑢𝑛𝑡 + 1 
              End 

       End; end for j 

                  𝐼𝑓 𝑐𝑜𝑢𝑛𝑡 == 1          ; check blank in the row is done 
                        𝐹𝑜𝑟 𝑘 = 𝑖 + 1 𝑡𝑜 9 
                            𝐼𝑓 𝑐𝑎𝑠𝑒5(𝑘, 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛_𝑜𝑓_𝑏𝑙𝑎𝑛𝑘)  = 𝑏𝑙𝑎𝑛𝑘 
                             𝐶𝑜𝑢𝑛𝑡 = 𝑐𝑜𝑢𝑛𝑡 + 1 
                             End 

                          End; end for k 

                              𝐼𝑓 𝑐𝑜𝑢𝑛𝑡 == 1       ; check blank in the column is done 
                      Then assign Holiday to nurse “satisfy constraints of Sudoku grid”  

                              Else  

                              End 

                  End 

End            {Pseudo-code for building holiday day} 

 

Figure 13 illustrated the building of cyclic schedule as shown: 

 

 

 
 

Figure 13. Buliding of cyclic schedule  
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4. RESULTS AND DISCUSSION 

In this research, we obtain the heuristic approaches that produced satisfactory results in a reasonably 

short time. For example, when assigned all shifts to nurse1 over the nine days as follows: 

− For the first day, since the first position in the matrix of Figure 5 case1, has the letter x and this indicates 

the blank of 8-Puzzle, this is reserved for the holiday for this nurse. 

− As for the second day, as the allocation was made from Figure 8 case 4, as it is noted that the blank of 8-

Puzzle in the column with the late shift. 

− For the third day, from Figure 5 case 1, we notice the blank (letter x) in the column with the early shift. For 

this reason, the early shift is dedicated to the nurse. 

− For the fourth day, from Figure 9 case 5, we notice the blank (letter x) in the column with the night shift. 

For this reason, the night shift is dedicated to the nurse. 

− For the fifth day, from Figure 7 case 3, we notice the blank (letter x) in the column with the night shift. For 

this reason, the night shift is dedicated to the nurse. 

− As for the sixth day, the allocation was made through Figure 6 case 2, we notice the blank (letter x) in the 

column with the late shift. For this reason, the late shift is dedicated to the nurse. 

− For the seventh day, from Figure 5 case 1, we notice the blank (letter x) in the column with the early shift. 

For this reason, the early shift is dedicated to the nurse. 

− For the eighth day, from Figure 9 case 5, we notice the blank (letter x) in the column with the night shift. 

For this reason, the night shift is dedicated to the nurse. 

− For the ninth day, from Figure 8 case 4, we notice the blank (letter x) in the column with the late shift. For 

this reason, the late shift is dedicated to the nurse. 

− In the final solution, Figure 10, We now have one holiday in the row, column, and diagonal, as well as not 

duplicate the holiday in submatrix 3×3, so we say there is no violation for Sudoku restrictions. The reason 

for used Figure 5, because it begins with an x in the first position of the first submatrix, and this is useful for 

including holidays for all nurses. So, for the rest of the nurses are assigned to the shifts. Creating this cyclic 

scheduling without violating the constraints of the problem. 

Here, we find that all nurses deserved the holiday break, where one holiday in the row, column, 

diagonal of the final solution matrix, and submatrices as Figure 10, thus constraints Sudoku approach are met. 

Also, we notice in our final solution that in one day there are all types of shifts in the health unit as well as a 

holiday for one of the nurses and therefore we have achieved the hard and soft constraints proposed by the 

research. In this research, we used the track {4,1,5,3,2,1,5,4} for the cases and including holidays, thus the path 

will be shifted a day when the holiday is evened. In our research, we have adopted several tracks for cases, but 

we have found a case of violation of constraints of the problem, but the track in its above order is better not to 

violate of constraints of the problem. Each submatrix in our solution is the cases of 8-Puzzle’s blank with 

different directions with constraints Sudoku approach and for this we have said that our research includes 

intelligent techniques with the heuristic approach to cyclic scheduling of the nursing. In our research, each case 

in the above-mentioned figures represents cases of 8-puzzle’s blank with different directions, and at the same 

time, it represents the Sudoku approach. We found in our research, that Figure 5 case 1 is the cornerstone in 

preparing this proposed algorithm and that the mentioned Figure achieves the final good solution. If there are 

more nurses than mentioned in the proposed algorithm, it is possible to repeat the proposed cyclic scheduling. 

 

 

5. CONCLUSION 

This research presents the artificial intelligence approach for cyclic scheduling. It becomes very 

attractive research in Artificial Intelligence. Two approaches taken from 8-puzzle and Sudoku grid are 

presented for nurse scheduling to choose a schedule from a set for each nurse assignment. A heuristic method, 

combining 8-puzzle and sudoku grid for scheduling techniques proved to be very suitable for this combinatorial 

problem in which as the attempt to find a near-optimal solution. This research eliminated the gap between the 

classical method and practice of nurse rostering by approaches of artificial intelligence. The proposed algorithm 

meets the requirements in question as much as possible. In this research, the proposed algorithm coverage 

requirements as each day require three shifts and, in each shift, present nurse at the time to work during the 

day. The heuristic of solutions makes it easy to tackle complex goals, for violating the desired constraint. Hence 

the heuristic has facilitated the solution. The current study deals with heuristic with a hybrid to obtain the 

solution for the hard combinatorial problem as nursing rostering. The result shows the nurse rostering problem 

can be simplified by combining the direction of tiles for the 8-puzzle sudoku approach to reach the solution. 

We concluded through the research that the proposed algorithm is the first of its kind in scheduling nurses by 

using artificial intelligence methods. 
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