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Abstract- The main objective of this study is to search for a 

scientific method to prepare a weekly schedule for a group of 

nursing officers working for a ward of a hospital. To achieve this 

objective, we propose an optimization method. First we develop 

an optimization model by formulating the objective and the 

constraints of the problem mathematically. 

         In the recent literatures, a wide variety of different 

methodologies and models have been developed pertaining to the 

problem instances. These include Mathematical Programming, 

Meta-Heuristic Methods and Constraint Satisfaction Techniques. 

Knowledge Based Techniques have been applied for solving 

nurse scheduling problem. Column generation was also been 

explored in nurse scheduling using Set Covering–Type models. 

Particular optimization model that we are interested in is a 0-1 

Integer Linear Programming problem. We apply the Branch-and-

Bound technique to solve the problem using the optimization 

software package LINGO. Finally, the solution to the 

optimization problem is converted to a regular nurse schedule. 

The methodology is illustrated by preparing a weekly schedule 

for a private hospital in Batticaloa, Sri Lanka. 

 

Index Terms- Nurse scheduling, Mathematical Programming, 

Meta-Heuristic Methods, Constraint Satisfaction Techniques, 

Column generation, Set Covering–Type models, Knowledge 

Based Techniques, Branch-and-Bound technique. 

 

I. INTRODUCTION 

urse scheduling is one of the most complex and tedious 

scheduling problems and is considered as NP-hard 

combinatorial problems [1] in the field of personal scheduling. 

Not only in Sri Lanka, but also in most of the developed 

countries, hospital management put much effort to prepare 

schedule for their own nursing officers while being perceived to 

be fair by the officers. This scheduling problem is extensively 

challenging due to different nurse requirements on different days 

and shifts, and also due to hospitals being in continuous 

operation unlike most of the other institutions.     

        Therefore, there is a need for an efficient approach to 

schedule nurses in order to save the time and resources in the 

scheduling process and to conduct hospital operations smoothly.  

        In the passed, a wide variety of methodologies and models 

have been developed to deal with different problem instances. 

Introduction to many of these methods can be found in [2]. A 

number of survey papers [3,4,5] give an overview of the area. 

The available techniques can roughly be classified into two main 

categories: exact algorithms and (meta) heuristics. Mathematical 

programming is the traditional exact method [6,7,8,9,10], which 

guarantees to find an optimal solution on nurse scheduling for 

every instance of a problem. However, computational difficulties 

exist with this approach due to the enormous size of the search 

spaces that are generated. To reduce complexity, some 

researchers have restricted the problem dimensions and 

developed simplified models. However, this leads to solutions 

that are not applicable to real hospital situations. 

         Metaheuristic approaches [11,12] were investigated with 

some success since the 1990’s. Genetic and Memetic algorithms 

form an important class of metaheuristics that have been 

extensively applied in nurse scheduling [13,14,15,16,17]. A 

number of attempts have also been made by using other 

metaheuristics, such as simulated annealing [18], tabu search 

[19], variable neighborhood search [20,21,22] and estimation of 

distribution algorithms [23]. 

        However, the major drawback of these metaheuristics is that 

they cannot provably produce optimal solutions nor can they 

provably reduce the search space. Also, they usually do not have 

well defined stopping criteria. Moreover, most nurse rostering 

problems are highly constrained problems so that the feasible 

regions of their solution space are disconnected (i.e. separated by 

the infeasible area). Metaheuristics generally have difficulty in 

dealing with this situation.  

        In the field of nurse rostering, some decomposition 

techniques have been investigated over recent passed years. 

Aickelin and Dowsland [24] developed a genetic algorithm with 

an indirect representation. Different heuristic decoders (i.e. 

decomposers) were employed to construct the schedule, taking 

care of coverage and nurses’ preferences from different aspects. 

Ikegami and Niwa [25] grouped the constraints into shift 

constraints and nurse constraints. Based on this, the problems 

were decomposed into sub problems and solved repeatedly by 

tabu search. Brucker et al. [26] implemented decomposition by 

cyclically assigning predefined blocks of shifts to groups of 

nurses. The rest of the shifts were then assigned manually and the 

resulting schedule was improved by local search. 

        In this paper a mechanism based on 0-1 integer 

programming is proposed to prepare a roster for a group of 

nurses attached to a private hospital in Batticaloa, Sri Lanka for a 

period of one week. This proposed method is less complex 

compared to the existing methods since Branch-and-Bound is a 

common technique in the scheduling field. Further, this approach 

not just provides an idea to prepare a roster but includes some 

additional features which are not so easy to include when 

preparing a roster manually. These features are elaborated in the 

proposed mathematical model. 

N 
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        The rest of the paper is organized as follows. Following 

section describes research elaborations and the subsequent 

sections present the results and appendices. Finally, we conclude 

the paper with our conclusion.  

 

II. RESEARCH ELABORATIONS 

        Prior to the optimization model, we introduce the notations 

and meanings of technical terms that are being used. Next we 

present the optimization model to solve the rostering problem. 

 

1. Let 
},.......,2,1{ nN



be the set of nurses. For any 

nn zyNn and,
be the maximum number of 

working days and maximum number of night shifts to 

be assigned for the nurse n within the scheduling 

period respectively. 

2. Let 
)}(4),(3),(2),(1{ nightlatedayearlyT 

be 

the set of shift types of equivalent length of 8 hours 

each day. 

3. Let 
},.......,2,1{ dD



be the days in the scheduling 

time horizon. 

4. Let tdR _ be demand of number of nurses on day 

Dd   of shift type Tt . 

5. Let 1k
be the maximum number of consecutive working 

days within the scheduling period. 

6. Let 2k
be the maximum number of consecutive night 

shifts within the scheduling period. 

7. Let tdnp __ be a penalty occurring if the nurse 

Nn is scheduled to work at shift type Tt  on 

day Dd  . 

 

        Our task is to assign nurses for different shift types 

according to the demand on each day in the planning time 

horizon. It should satisfy the following standard requirements 

which are common to most of the nurse scheduling problems. 

I. Demand at a shift type on a particular day 

should be satisfied. 

II. A nurse should be assigned for at most one 

shift a day. 

III. At most maximum number of working days 

should be assigned for a nurse in this time 

horizon. 

IV. At most maximum number of night shifts 

should be assigned for a nurse in this time 

horizon. 

 

        In addition to these standard requirements following special 

requirements are request by the nursing officers: 

 

V. No night shifts between two non-night shifts. 

VI. Shift 1 or Shift 2 should not be assigned after 

night shift. 

VII. Maximum number of consecutive working 

days is 3.  

VIII. Maximum number of consecutive night shifts 

is 3.    

 

        Next we introduce the decision variables.  Let   
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        Introducing these decision variables, the optimization model 

which incorporates both common and special requirements can 

be presented as: 
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        The mathematical model described above is for preparing a 

weekly schedule for wards up to 20 nurses at a private hospital at 

Batticaloa, Sri Lanka. These schedules must respect working 

contracts and meet the demand for a given number of nurses on 

each shift type, while being perceived to be fair by the nurses 

themselves.  

        The objective function of our optimization model is 

considered as a cost function, where cost is interpreted as penalty 

and penalty is defined based on the desirability of a nurse to 

work at a shift type on a day. Therefore, our attempt is to 

minimize the penalty subject to the given constraints. These 

penalties appeared as coefficients in the objective function.     

        Hospital administration requires 3 nurses at each shift so the 

demand tdR _ is uniform and is equal to 3 for all shifts 

throughout the time horizon. Also, maximum number of working 
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days and maximum number of night shifts for a nurse are 

uniform and are assumed to be 5 and 4 respectively. That is, 

4and5  nn zy
for each nurse. Further, both the maximum 

number of consecutive working days, 1k
 and maximum number 

of consecutive night shifts, 2k
within the scheduling period are 

required to be 3. 

 

III. RESULTS AND DISCUSSION 

        This proposed model is applied to a private hospital with 20 

nurses. By using the information obtained from the hospital 

administration as well as nursing officers. A 0-1 integer linear 

programming model is formulated, which consists of 560, 0-1 

binary decision variables and 409 constraints.   

        Computations are carried on a COMPACT laptop, Intel 

Celeron1.66GHz processor and 1 GB RAM. 

        The result obtained by solving the 0-1 Integer Linear 

Programming problem is presented in the following table. Here, 

numbers represent the shift type for corresponding days: 

 

 

N.No 

D.No 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

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

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

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

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

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

6  4 3  2  2  1   4 4 3  1 2 3 1  

7 3  1    1 2 2   1 3 4  4 4 2  3 

 

        First row, N.No represents nurse number and the first 

column, D.No represents day number.  

        From the above table it can be observed that this hospital 

runs with excess nurses. So we decided to reduce the number of 

nurses one by one and solve the model repeatedly for 19, 18,17 

and 16 nurses. Finally, we come to a conclusion that 17 is the 

optimal number of nurses to run this hospital subject to the above 

rules or constraints with the given penalty values. Further, this 

can be 16, if the nursing officers agree to work up to 6 days in 

one week. Solution for the model with number of nurses 17 and 

16 are given in the table-I and table-II in Appendix-I. 

 

IV. CONCLUSION 

        We have developed an optimization model for nurse 

scheduling. We have also proposed a method of solution to solve 

the model. This method will guide to prepare a nurse schedule 

more efficiently, accurately and quickly for any ward of a 

hospital which satisfies the nurses’ preferences and regulations 

provided by the hospital administrators. 

        In our model, all nurses are considered as same grade. But 

there are hospitals nurses are in different grades. According to 

their qualifications/experience demand for different grades may 

vary. One of our future works in this study will include the 

incorporation of grades in the formulation. This will produce 

more realistic results. Next aspect will be the time horizon. It is 

always advisable to have a long time horizon because nurses can 

plan their personal work in advance if they know their roster. 

Also preparing a weekly schedule is a time consuming activity. 

So in the future we will consider monthly roster with adequate 

number of nurses.          

 

 

 

 

APPENDICES  

APPENDIX-I 

         Table-I shows the solution for the model for 17 nurses. The 

Integer Linear Programming problem contains 476 binary 

variables and 505 constraints. 

 

 

Table-I 

 

N.No 

D.No 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

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

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

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

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

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

6  4 3 1 2 3   4 3  1 4 2 1  2 

7 3   4  2 1 2 3 2  1 4   3 4 
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      Here we can see that nurse number 11 is off in this week 

since he/she gave large penalty values compared with other 

nurses. 

Table-II shows the solution for the problem with 16 nurses. This 

problem contains 448 variables and 477 constraints. 

 

Table-II 

 

N.No 

D.No 

1 2 3 4 5 6 7 8 9 10 11 12 13 1 15 16 

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

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

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

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

5 1 3     3 3 4 2   4 1 2 2 

6   1 1 4 3   4 3 2 1 4 2 2 1 

7 2 3 4 4  2 1 2 3  1 1 3 4  4 

 

Appendix-II 

        This appendix gives the C++ code to generate 0-1 integer 

Programming Problem. 

 

#include<iostream.h> 

#include<conio.h> 

#include<fstream.h> 

int const num_of_nurses=20;  //20 nurse problem 

int const demand=3; 

int const num_of_shifts=4; 

int const time_horizone=7; 

int const max_num_of_dayshifts=5; 

int const max_num_of_nightshifts=4; 

int const max_num_of_consecutive_night_shifts=3; 

int const max_num_of_consecutive_working_days=3; 

//ofstream testfile("C:\\Param\\objective.txt"); 

int i,j,k,r; 

int main() 

{ 

//* consraint1 start 

ofstream testfile3("C:\\Param\\cons1.txt"); 

for( j=1;j<=time_horizone;j++) 

{ for( k=1;k<=num_of_shifts;k++) 

 { for ( i=1;i<=num_of_nurses;i++) 

  { if (i==num_of_nurses) 

    {

 cout<<"x"<<i<<"_"<<j<<"_"<<k; 

    

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

    } 

   else 

   { 

   

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   } 

  } 

  cout<<"="<<demand<<";"<<endl<<endl; 

  testfile3<<"="<<demand<<";"<<endl<<endl; 

 } 

cout<<endl<<endl; 

testfile3<<endl<<endl; 

} 

//end of cons1*/ 

/*consraint2 start 

ofstream testfile3("C:\\Param\\cons2.txt"); 

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

{ for( j=1;j<=time_horizone;j++) 

 { for( k=1;k<=num_of_shifts;k++) 

  { if (k==num_of_shifts) 

   {

 cout<<"x"<<i<<"_"<<j<<"_"<<k; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

   } 

  else 

   { 

  

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   } 

  } 

 cout<<"<=1"<<";"<<endl; 

 testfile3<<"<=1"<<";"<<endl; 

 cout<<endl; 

 testfile3<<endl; 

 } 

cout<<endl<<endl; 

testfile3<<endl<<endl; 

} 

end of consraint2......*/ 

/*constraint3 start 

ofstream testfile3("C:\\Param\\cons3.txt"); 

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

{ for( j=1;j<=time_horizone;j++) 

 { for( k=1;k<=num_of_shifts;k++) 

  {  if (j==time_horizone && k==4) 

   {

 cout<<"x"<<i<<"_"<<j<<"_"<<k; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

   } 

  else 

   { 
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 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   } 

 

  } 

 } 

 cout<<"<="<<max_num_of_dayshifts<<";"<<endl<<en

dl; 

 testfile3<<"<="<<max_num_of_dayshifts<<";"<<endl<

<endl; 

} 

end of consraint3*/ 

/*constraint4 start 

ofstream testfile3("C:\\Param\\cons4.txt"); 

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

{  for( j=1;j<=time_horizone;j++) 

 { if(j!=time_horizone) 

  { cout<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  } 

  else { 

   cout<<"x"<<i<<"_"<<j<<"_4"; 

   testfile3<<"x"<<i<<"_"<<j<<"_4"; 

       } 

 } 

 

 cout<<"<="<<max_num_of_nightshifts<<";"<<endl; 

 testfile3<<"<="<<max_num_of_nightshifts<<";"<<endl

; 

} 

end of consraint4*/ 

/*constraint5 start 

ofstream testfile3("C:\\Param\\cons5.txt"); 

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

{ for( j=2;j<time_horizone;j++) 

{ cout<<"x"<<i<<"_"<<j-1<<"_"<<"4"<<"-

"<<"x"<<i<<"_"<<j<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j+1<<"

_"<<"4"<<">=0;"<<endl; 

testfile3<<"x"<<i<<"_"<<j-1<<"_"<<"4"<<"-

"<<"x"<<i<<"_"<<j<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j+1<<"

_"<<"4"<<">=0;"<<endl; 

 } 

 cout<<endl; 

 testfile3<<endl; 

} 

end of consraint5*/ 

/*constraint6 start 

ofstream testfile3("C:\\Param\\cons6.txt"); 

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

{ for( j=2;j<=time_horizone;j++) 

{ cout<<"x"<<i<<"_"<<j-

1<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j<<"_"<<"1"<<"+"<<"x"<

<i<<"_"<<j<<"_"<<"2"<<"<=1;"<<endl; 

testfile3<<"x"<<i<<"_"<<j-

1<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j<<"_"<<"1"<<"+"<<"x"<

<i<<"_"<<j<<"_"<<"2"<<"<=1;"<<endl; 

 } 

 cout<<endl; 

 testfile3<<endl; 

} 

end of consraint6*/ 

//no consercutive night shifts 

/*constraint7 start 

ofstream testfile3("C:\\Param\\cons7.txt"); 

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

{ for (r=1;r<=(time_horizone-

max_num_of_consecutive_night_shifts);r++) 

 {

 for(j=r;j<=(r+max_num_of_consecutive_night_shifts);j

++) 

  { if 

(j<r+max_num_of_consecutive_night_shifts) 

  { cout<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  } 

  else 

   {

 cout<<"x"<<i<<"_"<<j<<"_4"; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_4"; 

   } 

  } 

 

 cout<<"<="<<max_num_of_consecutive_night_shifts<

<";"<<endl; 

 

 testfile3<<"<="<<max_num_of_consecutive_night_shif

ts<<";"<<endl; 

 } 

} 

cout<<endl; 

testfile3<<endl; 

end of consraint7*/ 

 

/*constraint8 start 

ofstream testfile3("C:\\Param\\cons8.txt"); 

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

{ for (r=1;r<=(time_horizone-

max_num_of_consecutive_working_days);r++) 

 {

 for(j=r;j<=r+max_num_of_consecutive_working_days;j

++) 

  for( k=1;k<=num_of_shifts;k++) 

 { if ( 

j==r+max_num_of_consecutive_working_days &&     

k==num_of_shifts )   

{ 

   cout<<"x"<<i<<"_"<<j<<"_"<<k; 

   testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

   } 

  else 

  {

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 
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 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

  } 

  } 

//testfile<<"x"<<i<<"_"<<j<<"_"<<k<<"+")} 

 cout<<"<="<<max_num_of_consecutive_working_days

<<";"<<endl<<endl; 

 testfile3<<"<="<<max_num_of_consecutive_working_

days<<";"<<endl<<endl; 

 } 

} 

cout<<endl<<endl; 

testfile3<<endl<<endl; 

end of constraint8 */ 

 

//binormial variables 

/*binomial variables start 

ofstream testfile3("C:\\Param\\binomial.txt"); 

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

{ for( j=1;j<=time_horizone;j++) 

 { for( k=1;k<=num_of_shifts;k++) 

  {

 cout<<"@bin(x"<<i<<"_"<<j<<"_"<<k<<");"<<endl; 

  

 testfile3<<"@bin(x"<<i<<"_"<<j<<"_"<<k<<");"<<end

l; 

  } 

 } 

} 

cout<<"end"; 

testfile3<<"end"; 

end of binomial variables */ 

getch(); 

return 0; 

} 
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