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Abstract 

The employee shift scheduling problem in service organizations that run 24-hour service is 

usually difficult to resolve on a dynamic basis due to the continual need to balance changing 

needs and interests of the employees and the employer. An instance is Nurse Scheduling 

Problem (NSP) in hospitals. Algorithms developed to solve the nurse scheduling problem 

(NSP) may be too slow or yield unsatisfactory results. This is background for a Genetic 

Algorithm Fuzzy Logic (GAFL) Decision Support System proposed for the NSP, which 

combines elements from genetic algorithm and fuzzy logic models. The model algorithm 

considers all the hard constraints and some of soft constraints of the problem to generate 

feasible schedules, after which fuzzy logic membership functions are used to determine the 

order of satisfying nurses’ preferences. Simulations of the integrated genetic algorithm and 

fuzzy logic model solution using sample real data from a hospital provided feasible schedule 

with fitness function of 89.73% in terms of quality and computational time of 164 seconds. A 

Decision Support System which interconnects the user interface, the GAFL modelling 

program, and database containing nurses’ attributes and preferences data was also developed. 

In conclusion, the research developed an acyclic roster capable of returning feasible solutions 

that satisfy hard constraints and some soft constraints of the NSP, and which can serve as a 
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partial scheduler to which a head nurse could make adjustments manually to the roster as 

needed. 

 

Keywords: Nurse Scheduling Problem, Genetic Algorithm, Fuzzy Logic, Decision Support 

System, User Interface. 

 

 

1. Introduction 

Improving productivity and services to customers, while also satisfying reasonable needs and 

interest of employees are important concerns of organizations. Many organizations, such as 

hospitals also run 24 hour service with employees assigned to shifts. Shifts can be defined as 

scheduled time in which different sets of staff are in the line of duty (Young-Woong, DongHoi 

& Minyeong, 2013). Allocating employees to the various shifts in a 24 hour weekday and 

possibly weekends in organizations such as hospitals that run continuous daily services to 

people, is usually major headache to the shift managers, due to the need to balance and satisfy 

the needs and interests of the organization, and as much of those of the different employees 

who are assigned to the shifts. In such organizations, determining the shift schedule for each 

worker will involve building a timetable for each given period that will comply with staffing 

requirements, organizational down rules and the labour contract clauses. In a hospital setup, 

generating nurses’ roster (a timetable consisting of shifts assignments and rest days for each 

nurse) must be done to reflect efficiency, reliability, nurses’ coverage, nurses’ wellbeing, and 

employer concerns. (Kundu, Mahato, Mahanty, Acharyya, 2008) 

     Nurse Scheduling Problem (NSP) in hospitals is complex due to the need to meet the variety 

of skills sets of nurses, conflicting needs and interests or objectives between hospitals and 

nurses which must be balances and which may fore seen or impromptu, demand for service by 

hospital clients which often widely 24 hours a day 7 days a week and may be foreseen and 

planned for or change suddenly. NSP is an NP-hard (Non- deterministic polynomial-time hard) 

constraints satisfaction problem that attracts a cost function to determining the best solution 

which must care for conflicting objectives between nurses and hospitals and the changing 

dynamics of working environment. Several mathematical and optimization algorithm 

approaches to the nurse scheduling problem (NSP) have been proposed, but the models have 

often neglected constraints that may emanate from and vary across cultural settings of hospitals 

where NSP requires feasible solutions for practical application (Irem & Bailey 1988).  

     Scheduling nurses has proved very a difficult problem to handle continuously on weekly or 

monthly basis owing to the many conditions that may change and must be observed such as: 

nurses for desired days off or doing certain shifts on certain days, choice of certain persons to 

work with, organizational laid down rules and host of other constraints. Although these 

schedules are somehow eventually generated, they most often do not satisfy staff desires and 

requests resulting sometimes to absenteeism, poor service delivery, job dissatisfaction, etc. 

This study was therefore undertaken to develop a decision support system that provides a user-

friendly interface to a NSP modelling processes based on both genetic modelling and fuzzy 

logic principles and constraints that can be installed on desktop or laptop computers for use in 

hospitals by shift managers, and also improve job satisfaction of nurses and quality service 

delivery. 

 

2. Related literature 

Different NSP solution approaches has evolved over time and different authors have used 

different techniques, including mathematical or heuristic solutions using parallel computing, 

Genetic Algorithm, Simulated Annealing, Tabu Search Technique, etc. 

 

Optimization Approaches 
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This is one of many approaches to the nurse scheduling problems which seek to either minimize 

cost objective functions or maximize benefit objective functions through mathematical 

programming approaches. Optimization techniques range from the classical to the advanced 

optimization. Whereas the classical optimization approach have limited scope in practical 

applications, it forms the basis for the development of the advanced techniques which is more 

in use in recent solutions to the NSP (Nagesh Kumar, 2010).  

     Ozkarahan & Bailey (1988) envisaged that no single model will be applicable to satisfy the 

dynamism of the NSP and therefore developed a mathematical model that could possible take 

into account all the conflicting objectives and constraints of the NSP, formulated alternative 

optimization models which satisfies both the hospital and the nurses requirements, that 

integrates the time of day (TOD) and day of week (DOW) variables and constraints. In 

achieving this, a three-goal constraint was formulated for unlimited staff size and limited staff 

size conditions which inform choice of solution models and methods in various instances. The 

first goal seeks to minimize the deviations between schedules during each period and demand 

which maximizes staff coverage on an hour to hour basis while reducing cost and understaffing. 

This is referred to the time-of-day (TOD) scheduling. The second goal minimizes the 

deviations between the total number of days on work patterns and the size of the work force 

which is referred to as the day-of-week scheduling (DOW). The third goal tends to minimize 

the deviations of the combination of TOD and DOW scheduling by combining TOD and DOW 

requirements in creating flexible working patterns for individual nurses, combined with an 

assignment heuristic which enables nurses to decide which of schedules will be able to meet 

their needs. 

     Azaiez & Sherif (2005), employed a 0-1 linear goal programming model to assign a 12 hour 

shift to nurses which consist of a two shifts - day and night - for a four week roster where each 

nurse works for a number of n cycles where n is the number of days in a four-week roster period 

i.e. a cyclical pattern of scheduling nurses to 12 hour shifts over four week period in a cyclical 

pattern. The developed roaster can be used repeatedly following the same working pattern for 

individual nurses. Azaiez & sheriff(2005)  is also of the same school of thought that it is almost 

impossible to develop a feasible schedule considering the number of constraints that is aimed 

to satisfy, hence the constraints are divided into hard constraints which must not be violated 

and  soft constraints which may be violated in order obtain a feasible schedule. Including the 

soft constraints in the model requires the formulation of the following goals. Goal 1 minimizes 

the deviations between the total number of days on by a nurse and the minimum required 

number of days on. This aimed to schedule all nurses to work for 15 days in a 4 week period. 

Goal 2 tries to make sure that the number of day shifts for each nurse is more than the number 

of night shifts. Goal 3 avoids assigning a nurse to work a night shift following a day shift. Goal 

4 “avoids off–on–off patterns”. This goal aimed for minimum isolated day or night shifts for 

all nurses. Goal 5 minimizes the number of isolated off days. Different weights were assigned 

to each of these goals to represent their relative importance and the cost outcome of their 

violation. Among five goals, the first is considered the most important, while goals 2, 3, 4, 5 

follow respectively in order of importance. The Linear Goal Programming (LGP) model 

minimizes the objective function of the hard and soft constraints thereby reducing unnecessary 

work load of nurses and the costs associated with it. The implementation of the model on real 

data to generate feasible roster was done by dividing the roster for four (4) week periods for 

subgroups of not more than five nurses, which was done to reduce the computational time of 

the model and get optimal results. 

 

Artificial Intelligence Approaches 

Artificial intelligence (AI) can be described as a branch of computer science where computers 

are designed to act, think, and behave rationally like humans. Game playing, expert systems, 

natural languages, neural networks, and robotics all fall under artificial intelligence. Nurse 

scheduling problems modelled as constraint satisfaction problems (CSP) have been approached 



Journal of Information Science, Systems 
and Technology, 2021, Vol.5, No.1/2 
[August], 15-37 [Research Article]  

Odumosu, O.O., Oladosu, J.B., Odumosu, O.O., Ojuope, K.I. / 
A Hybrid Genetic Algorithm Fuzzy Logic Based Decision Support System for 

Nurse Scheduling Problem / 18  

  

as using artificial intelligence techniques. Haibing, Andrew & Brain (2003) presented a hybrid 

Artificial Intelligence approach to solve an over-constrained nurse rostering problem. The 

study incorporated the use of weighted constraint satisfaction problem algorithm (WCSP) and 

a Tabu Search technique, the WSCP algorithm is implemented in the first phase to produce an 

initial solution by satisfying all the hard constraints and few soft constraints. The second phase 

then applied a Tabu local search technique to improve the quality of shifts in order to satisfy 

as many their preferences as possible. The experimental algorithm was implemented using 

ILOG solver to assign a total of twenty seven nurses to shifts. This study showed that the 

algorithm was computational efficient i.e. it was able to provide solutions within seconds, but 

the ILOG solver ran out of time when scheduling of more 36 nurses was attempted. 

 

Fuzzy Logic Approaches   

Fuzzy logic approach was employed by Eskandari & Ziarati (2008) to the NSP using as linear 

model that captured personnel demands in each shift to identify the optimum roster for nurses, 

after using goal programming in order to find the proper weights for the variables in the 

objective function that satisfy fuzzy constraints. The model also incorporated the specific skills 

of each nurse in order to determine if quality of health care on each shift can be improved upon 

through optimal scheduling of nurses for shifts. The study reported that sub-optimality occurred 

in few occasions, where violations occurred only for soft constraints with low importance 

weights. His Fuzzy Logic Programming (FLP) model was largely successful in real applied 

problems compared with the manual model and the GP model. Seyda & Hasan (2010) also 

employed a fuzzy modelling approach, which used three fuzzy goal programming models in 

treating uncertainties in the hospital management objectives and nurses preferences. The main 

objective of the hospital is to minimize the sum of positive changes in number of nurses 

assigned for each shift in a day, while the nurses preferences formed the basis for the following 

objectives: (i) minimize the sum of negative changes for each nurse’s preferences for working 

hours; (ii) minimize the sum of negative changes from the preferences for the different shift 

types; (iii) minimize the sum of negative changes from the preferences in requested day-offs; 

(iv) minimize the on-off-on working schedule for nurses. The fuzzy approach was able to treat 

nurses’ individual preferences effectively compared to the conventional mathematical 

programming techniques.  

     In this study, the fuzzy logic approach was incorporated not only to be able to satisfy the 

nurses preferences which are the soft constraints but also to know which nurses’ preferences 

of day off or shift would be satisfied first based on their ranks and years of service, this is also 

to ensure that there is no bias in satisfying preferences of individual nurses. 

 

Heuristic Approaches 

Mutingi & Mbohwa (2014) proposed an enhanced Particle Swarm Optimization (PSO) 

approach which uses fuzzy evaluation in which the soft constraints which are the nurses 

preferences are represented by three membership functions of the range (0,1). The first 

membership function describes the congeniality of nurses working together in the same shift, 

i.e. compatibility and complementarity of certain skills of nurses working together. The 

second membership function has to do with distributing working shifts to nurse fairly such 

that the difference of individual nurse assigned shifts from the average workload is 

minimized, and the third membership function measures the differences in the total number 

of days off allocated from the average number of allocated days off. The PSO based 

algorithm was able to provide quality solutions in reasonable amount of time and the fuzzy 

evaluation allows intermediate solutions which are further improved to quality solutions. 

     Young-Wong, Dong Hoi K & Minyeong (2013) suggested a transition rule which makes 

use of a cost matrix, which was applied to the NSP, and which tended to produce solutions 

faster in terms of computational time and  quality roster than the conventional simulated 

annealing. The NSP solved worked with both hard and soft constraints. The hard constraints 
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are the minimum and the maximum number of shifts per day (comprising morning, evening, 

night), while nurses having morning shift after the night shift, or evening shift after the night 

shift, or morning shift after evening shift is strongly avoided in the shift schedules. The soft 

constraints are the  nurses preferences such as required days offs and working on certain shifts 

on certain days. The cost function specified as: f = (c1*w1) + (c2*w2) + (c3*w3), where ci and 

wi are the constraints and their corresponding weights and violation of any of the constraints 

lead to the cost function being increased by 1. The approach minimizes the total final cost 

function in order to obtain a practical schedule. The work also performed a comparative 

analysis during the experiments of the results between cost matrix simulated annealing 

(CMSA) and traditional simulated annealing (TSA) in a four week schedule based on four 

factors which are the sum of solved problems with minimum cost = 0, average cost of the 

solution, average iterations in reaching the optimal state, and the time in reaching the optimal 

state. CMSA greatly outperformed TSA in generating schedules with the minimum cost, while 

CSA generated only the minimum cost in the first week alone. Also, the Average cost of CMSA 

was smaller than TSA and the time it takes to process CMSA was faster than TSA, Thus, 

overall, CMSA performed better than the TSA due the transition rule with cost matrix.  

     Ahmad et al, (2009) investigated the difficulties encountered during solutions of NSP using 

evolutionary algorithm, in particular genetic algorithm, which was carried out considering less 

populated cooperative genetic algorithm (CGA) on simplified version of the NSP. The work 

therefore divided the NSP approaches into conventional and evolutionary computational 

approaches to successfully generate feasible schedules. In the model, day shift (d) in the 

hospital is between 8 am and 4 pm, night shift (n) between 4 pm and 12 midnight, late night 

shift (l) between 12 midnight and 8 am, while off days (h) were left to the prerogatives of 

nurses. The constraints comprises human related and daily restrictions, as follows: 

     Human related restrictions: 

i. Chief nurses are exempted from night shift (n), so also are nurses on maternity or 

sick leave;  

ii. Unskilled nurses should not be assigned to night shift 

     Daily restrictions: 

i. Each nurse can only work on a shift per day 

ii. Number of nurses available for a day shift must be greater than or equal to the 

required number of nurses for a day shift     

iii. Number of night shift nurses must be equal to the required number of night shift 

nurses 

iv. Number of late night shift (l) nurses must be equal to required number of late night 

shift nurses 

v. Restrictions on the combination of late night shifts 

vi. Considerations of the professional level of the nurses 

vii. Combination of nurses perceived not to be in good relations with each other should 

be avoided  

viii. Restriction on individual nurses monthly schedule  

ix. Number of legal holidays is equal to number of assigned holidays 

x. Combination of the day shift and the night shift is illegal 

xi. Combination of the day shift and late night shift is illegal 

xii. Restriction on the previous and next month’s schedule 

xiii. The interval between night shift patterns must be at least greater than or equal to 

one week 

xiv. Request for holiday when the coming next day is due night shift, is illegal 

xv. Request for holiday when it is due night shift is illegal 

xvi. Nurses preferences: 

xvii. The right for assignment of the desired day off 

xviii. The right for selection of the preferred partners 
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     The NSP was represented as a M by N matrix problem, where M is the number of days, and 

N, number of nurses; w represents one of the three shifts or day off so that each Xijw element 

of the matrix express that nurse i works her wth shift on day j. 

Thus, 

             Xijw = {1 (if nurse i works w shift on day j) ;  0 (otherwise} 

 

     The work  ascribes the fitness function (Fi) for each nurse to determine each nurse’s working 

patterns with penalties on irregularities like scheduling night shift after late night shift, day 

shift after night shift, etc. A desired maximization of the average of the fitness functions for all 

nurses, and minimization of the variance of all nurses must equal zero to give the desired 

absolute solution to the problem. An escape operator was also applied as an alternative to the 

CGA for larger portion of the solution space as the best choice for improving the search ability 

of the CGA. 

     Kundu, Mahato, Mahanty & Acharyya 2008) applied genetic algorithm and simulated 

annealing and compared the performances of the two algorithms using three different criteria; 

(i) the number of problems that are solved; (ii) the average time to solve each of the problems; 

(iii) the average total cost of the soft constraints violated. A three-shift roster system was 

considered. Three types of hard and soft constraints were considered.  Type 1 constraints are 

the maximum and minimum required numbers of nurses per each of the shifts; Type 2 

constraints are the working patterns that must be avoided,  which are “Morning shift after night 

shift”, “Evening shift after night shift”, “Three consecutive night shifts”, Type 3 constraints 

are he nurses preferences for number of off days, and for night, morning and evening shifts. A 

cost function C1, C2, C3 is specified for each constraint, such that violation of any of the 

constraints increases the cost function by 1 and w1, w2, w3 are weights assigned to the 

constraints. The simulation aimed to minimize the total cost function C = W1*C1 + W2*C2 + 

W3*C3 to zero (0). The experimental results showed that Simulated Annealing (SA) 

outperformed Genetic Algorithm (GA) on two metrics - SA takes less time to run and also 

provides better quality of solutions. 

     Ferland et al. (2001) developed a Tabu search methodology that included a diversification 

strategy and an adaptive memory structure. Similarly, Burke et al. (1999) used Tabu search to 

schedule nurses at several Belgium hospitals using a code implemented in the Plane software 

system. Dowsland (1998) developed a Tabu search approach with strategic oscillation to solve 

a nurse rostering problem in a United Kingdom based hospital. The algorithm starts with an 

initial roster obtained with a greedy heuristic that ignores the minimum coverage requirement 

and treats each nurse separately, this heuristic approach repeatedly oscillates i.e. moves back 

and forth in discovering a feasible roster such that individual nurses are given fair treatment 

and satisfying as much as possible their preferences. Aickelin and Dowsland (2004), applied 

an indirect genetic algorithm to NSP, incorporating indirect coding and heuristic decoders. The 

indirect genetic algorithm was shown to perform better than the results obtained in Aickelin 

and Dowsland (2000) and the use of Tabu search in Dowsland (1998).  

      

3. Decision Support Systems (DSS) 

Decision Support Systems (DSS), also known as knowledge based systems, have been 

described in various ways, is defined as a computer based interactive system which helps users 

in choice making and judgment activities (Druzdzel & Flynn, 2002). Tripathi (2010), describes 

DSS by the following of their usual characteristics:  

o Supports solving optimization problems by satisfying heuristic approaches giving the 

decision maker a great deal of flexibility in solving both simple and complex problems. 

o Handles large amounts of data such as in databases 

o Obtaining  and processing data from internal and external sources  
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o Provides flexible data and information reporting, presentation and visualization to 

decision makers 

o Performs "what-if" and goal-seeking analyses. 

 

     Druzdel & Flynn (2002) asserts that DSS enhance the traditional information access and 

retrieval functions provided by transactions processing, records management, and management 

information systems with support for model building and model-based reasoning. DSS are 

typically used for strategic and tactical decisions with reasonably low frequency of occurrences 

but high potential consequences in which the time taken for thinking through and modelling 

the problem pays of generously in the long run (Druzdel & Flynn, 2002). 

     Tripathi (2010) identifies the various fundamental components of a DSS as: Database 

Management System; Model Management subsystem; Knowledge-based Management 

subsystem; User Interface subsystem.  The Database management subsystem contains the 

database for the DSS that store the data needed for analysis and insight to inform decision 

making.  The Model Management subsystem includes software that apply any of the pre-

defined models that can be used in data analyses.  The Knowledge-based subsystem provide 

automated logic and rules for intelligent reasoning to interpret the results and insights obtained 

from the model management sub-system. The User Interface subsystem, also known as the 

dialog generation and management system, allows users to interact with the database 

management system to select =data for analysis, with the model management system to select 

specific models to be applied to the data, and the knowledge-based subsystem to evaluate the 

intelligence reports provided by the Knowledge-based subsystem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Fundamental Components of a DSS. (Source: Tripathi, 2010) 

 

4. Problem specification 

 

4.1 NSP Modelling Context 

The nurse scheduling problem this paper aims to solve is based on the Hospital rules of Female 

Medical Ward in State Hospital Ijebu-Ode, Ogun State, Nigeria. These rules are further 

categorized into Hard and soft constraints, where hard constraints are the hospital rules and the 

soft constraints are the nurse’s preferences.  
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4.2 Hard constraints 

The hard Constraints are the constraints that cannot be violated i.e. violating them will make 

the schedule to be infeasible this includes the required number of nurses to be on a particular 

shift, for each shift, the number of nurses has to be within the range of minimum and maximum 

values. The following are the hard constraints to be satisfied in making the roster to be feasible:  

i. The required number of nurses for morning shift should be at least 3,  i.e. Morning 

> 3; 

ii. The required number of nurses for afternoon shift should be at least 2, i.e. Afternoon 

> 2; 

iii. The required number of nurses for night shift should be at least 2 i.e. Night >2 

iv. The required number of night shifts observed by a nurse is 7 (N=7). 

v. The required number of night offs observed by a nurse is 7 (NO = 7) 

vi. Assigning a Morning shift  to a nurse after Night shift  should be avoided 

vii. Assigning Afternoon shift to a nurse after Night shift should be avoided 

viii. Assigning Morning shift to a nurse after Afternoon shift should be avoided 

 

4.3 Soft constraints 

The Soft constraints are the constraints that improves the quality of the schedule, violation of 

these type of constraints that does not make the schedule infeasible, these work aims to satisfy 

as much as many soft constraints as possible such as the nurses preferences, the total number 

of working shifts in a schedule, in these work the following are the soft constraints considered 

which includes:  

i. Nurses request for a particular shift of day off in a schedule 

ii. The total number of day offs (DO) in a 28 day roster = 9 

iii. The total number of morning shifts is = 5 

iv. The total number of afternoon shifts = 5 

 

4.4 Notations 

i. Let there be N nurses to be scheduled and n represents each nurse i.e. n = 1, …, N 

ii. Let the scheduling period be for L days, l = 1, …, L 

iii. Let each day have five shifts denoted by X = (x1, x2, x3, x4, x5) 

iv. Let x1, x2 and x3 be working shifts (i.e. morning, afternoon and night respectively) 

and let x4 represent a day off and x5 a night off shift 

v. Z n, l, x  {0, 1} for each nurse n, day l, shift x – that is, a nurse n is either working the 

shift or not 

vi. Let the nurse ranks be R, r = 1, …, R (where r represents each nurse) 

vii. Let the years of service of each nurse Y and y represent each year of service i.e. y = 1, 

…, Y 

 

4.5 Mathematical representations of the hospital constraints 

 

1. Every nurse is assigned to only one shift per day.  

 
The minimum number of nurses for morning shift should not be less than three 

 

 

 

 

2. The minimum number of nurses for afternoon should be at least two 
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3. The minimum number of nurses for night shift should be at least two 

 
4. Each nurse has two days off duties in a week when there is no night shift 

 
5. For all nurses n, l where l = 1……………, L – 1, n = 1……., N 

       Zn,l,x3 + Zn, l + l, x1 ≤ 1     i.e. Allocating a morning shift immediately after a night     shift is 

avoided. 

6. For all nurses n, l where l = 1……………, L – 1, n = 1 ….., N 

       Zn,l,x3 + Zn, l + l, x2 ≤ 1    i.e. Allocating a afternoon shift immediately after a night shift is 

avoided. 

7. For all nurses n, l where l = 1……………, L – 1, n = 1 ……, N 

  Zn,l,x2 + Zn, l + l, x1 ≤ 1    i.e. Allocating a morning shift immediately after an afternoon shift is 

avoided. 

 
 

4.6 Shift types 

The basic shift types in State Hospital Ijebu-Ode, Ogun State, Nigeria are as follow: 

 
Shift Category Time Allocation Shift Symbol() 

Morning (M) 7.30am-3.30pm X1 

Afternoon (A) 2.00pm-7.30pm X2 

Night (N) 7.00pm-8.00am X3 

Day Off (DF)  X4 

Night Off (NF)  X5 

 

5. Solution  
A Decision Support System (DSS) is proposed to solve this nurse scheduling problem. DSS 

couples the intellectual resources of individuals with the capabilities of the computer to 

improve the quality of decisions; it is a computer-based support system for which aids decision 

makers who deal with structured or semi-structured problems Turban and Laing (2005). A 

Decision Support System framework was chosen for many reasons. First, decision support 

system offer different solutions to new and non-repeated problems. This is in contrast to 

automated systems which cannot handle new problems. Secondly, decision support systems 

have been demonstrated to provide timely, visual, actionable data in such a way as to reduce 

the decision cycle time. Thirdly, they have been shown to reduce significantly the cost of 

employing experts, full time to handle complex decisions. 

 
5.1 Genetic Algorithm Fuzzy Logic Model Design 

The models that were adopted for this work are Genetic Algorithm (GA) and Fuzzy Logic. The 

GA was adopted for generating the nursing rosters, while fuzzy logic was adopted for 

formulation of the membership function. Genetic Algorithms (GA) was invented by John 

Holland with his students and colleagues in 1962 at the University of Michigan. He later 

published a book in 1975 titled Adaptation in Natural and Artificial systems which describes 
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the fundamentals and theoretical framework of using the basic (GA) (Mitchell Melanie, 1999). 

Genetic Algorithm (GA) is a heuristic search and optimization technique derived from the class 

of evolutionary algorithms. These algorithms are based on ideas of inheritance, mutation, 

natural selection and crossover. GA usually starts its process by generating randomly a 

population of chromosomes, selects the fittest among the populations and recombines them to 

get a new set of population which is referred to as the offspring’s or successor in the next 

generation,  this process continues to iterates until the fittest chromosomes are gotten or a 

stopping criterion is met. Macall (2004). In GA, encoding of the decision variables of a search 

or optimization problem is representing candidate solutions into strings of alphabets which are 

called chromosomes.  Chromosomes contains genes based on the number of nurses, where a 

gene represents a week schedule for a nurse. A chromosome contains 4 genes for each nurse 

and therefore represents 4 weeks schedule for each nurse. The figure below shows the class 

diagram for the gene and chromosome. 

 

     The algorithm has a program structure that represents gene and chromosome. the gene is 

represented as a string containing numeric characters from 1 to 5, where 1 represents Morning, 

2 represents Afternoon, 3 represents Night, 4 represents Night Off and 5 represents Day Off. 

 

5.2 Fuzzy Logic Membership Functions (M.F) For Rank and Years of Service 

The membership functions are categorized into two which include membership function for 

rank and years of service, the logic operations was done using the “OR” of the fuzzy logic 

standard definitions, the pseudo code for the ranks and years of service are as follows: 

 

Truth (r and y) = minimum (truth (r), truth (y)) 

 

(a) Membership Function for Seniority Rank of Nurses 

{0 if rank (r) < 2} 

i. {Intermediate if 2<r<10} 

ii. {1 if rank (r) > 10} 

 

(b) Membership Function for Seniority Rank of Nurses Years in Service 

i. {0 if rank (y) < 5yrs} 

ii. {Intermediate if 5yrs<y<35yrs} 

iii. {1 if rank (r) > 30yrs} 

 
The procedure starts with an initial population of ‘m’, ‘l’ randomly generated, the initial 

population where M = number of nurses * number of days i.e. (N * L) Number of bits in 

each chromosome = number of nurses * 28 days 

1. Calculate the fitness of each chromosome in the population 

2. Move the best chromosome to the new population 

3. Repeat the following steps until (n-1) more offsprings are created. 

(a) Select a pair of parent chromosomes from the current population. 

(b) With probability Pc (crossover probability) of 0.5, cross over the pair using a 

single point crossover to form two offsprings. If no cross over takes place, 

(c) Mutate the two offspring at a randomly chosen bit with probability Pm (the 

mutation probability) of 0.8 and place the resulting chromosomes in the new 

population. 

4. Replace the current population with new population. 

5. Go to step 2 until a desirable solution is found or maximum number of generations is 

completed. 

 

Fig. 2: The Genetic Algorithm 
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Let rankcode represent the specific rank; 

Let value represent membership function for rank; 

1. Initialize rankcode; 

2. Initialize value; 

3. Input rankcode; 

4. If (rankcode>=10) then 

5. Setvalue= 1.0 

6. Else if (rankcode <=2)then 

7. Set Value = 0 

8. Else 

9. Set value = rankcode / 10.0 

10. End if 

Fig. 3: Pseudo code for membership function for Rank 

 
Let yearval represent the number of years; 

Let value represent membership function for years of service; 

1. Initialize yearval; 

2. Initialize value; 

3. Input yearval; 

4. If (yearval>=25) then 

5. Set value = 1.0 

6. Else if (yearval<=5) then 

7. Set Value = 0 

8. Else  

9. Set Value = yearval/ 35 

10. Endif  

Fig. 4: Pseudo code for membership function for rank 

 

 
1.  Start by retrieving the information of nurses from the database 

2. Set number of days to schedule 

3. Set chromosome length 

4. Get shift categories and maximum/minimum number of nurses required from 

database 

5. Get hospital rules/hard constraints from database 

6. Get nurse preferences from database 

7. Develop membership functions for the nurses using fuzzy logic 

8. Use Genetic algorithm to generate schedule 

9. Generate and analyse report 

10. Save schedule 

11. Stop 

Fig. 5: Pseudo code for the entire scheduling process 

 

6. DSS design 

The algorithms described above represent the internal processing component of the Decision 

Support System that was designed in this research. The other two essential components are the 

database where data to be processed are stored before and after processing, and the user 

interface of the DSS, both described below. 

 

6.1 Database design 

A database, according to Microsoft Encarta (2009), is any collection of data organized for 

storage in a computer memory and designed for easy access by authorized users. The database 

backend for this DSS was developed with one of the popular Relational Database Management 

Systems (RDBMS) mentioned above. MySQL Server was used. This was chosen because of 

its simplicity, speed, wide availability and WYSIWIG feature. Below is the architectural 

framework of this database. From Fig. 1 above, the connecting arrows linking each table to the 
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other shows the relationship types that exists between the tables. For example, the nurses table 

is related to the positions table on a (one– many) relationship which means once a position is 

created, as many nurses as possible can hold that position. It also implies that, once a position 

is deleted, every nurse holding that position is deleted from the database. This feature is called 

referential integrity. 

 

 
Fig. 6: Entity-Relationship diagram of the MySQL Database.  

      

6.2 User Interface 
Users and the User interface constitute a key components of any DSS architecture. The 

architecture of the developed DSS is presented in Fig. 7. The interface provide access to the 

following information input to the system for processing to generate the rosters: 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 7: Architecture of the DSS. 

                                                   
i. Shift Categories: this comprises of all shift types observable by nurses which include; 

morning, afternoon, night shift and night/day off. 
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ii. Schedule Information: this is where the schedule information is stored. Each schedule 

is made up of the chromosome, the month/time for which the schedule is being 

generated. A chromosome is one complete solution. The length of the chromosome is 

the product of the number of nurses and time horizon of the schedule. The schedule 

information is stored in GAFL file with extension (.gafl) in the file system. 

iii. Nurse Information: this is the database of nurse details i.e. name, sex, rank, date of 

birth, rank, years of service and category of shift observable etc. 

iv. Nurse Preferences: information that have to do with preferences of nurses are stored 

here 

v. Schedule Generator/Processor: this module retrieves the available nurses in the nurse 

information database or generates the nurses specified by the user, nurse preferences 

and membership function of each. It combines the information obtained and assigns 

shift to them (the nurses). 

vi. Membership Function Developer: this module generates membership function for 

each nurses based on their years of service and ranks. 

vii. User interface: This is the front end of the program where the user interacts with the 

system. 

 

The graphical user interface/screens for the application presents a main screen that provides 

access to the following main menu items: 

 

(a) About: This menu item displays information about the author and software. 

 

 

 
 

Fig. 8:   About screen  

 

(b) Time off reasons – this option enables the user to manage various reasons for which a 

nurse should go on off. Also, reasons can be created, modified or deleted from the 

database here. 

(c) Shift categories: The working shifts available are morning, afternoon and night shift 

while the non – working shift available is either day or night off. From this option; the 

duration, the minimum and maximum number of nurses required are entered. 

 

(d) Manage positions – there are various ranks/positions used in the course of this project, 

such ranks are created, modified or deleted from the database from this option. It is also 

important to note that, once a position is deleted, every nurse holding such position is 

also deleted together with all information related to such a nurse from the database. 
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(e) Manage nurses – information related to nurses is managed here. From here, nurses’ 

information can be created, modified or deleted from the database. 

 

 
Fig. 9: Time off reasons screen 

 

 

 

 
Fig. 10: Shift Categories screen 

 

(e) Scheduler – this is where the schedule for a particular time horizon is generated after 

which all necessary fields have been filled with data. The user has the option of 

selecting or deselecting constraints to be fulfilled, provided the hospital primary rule is 

not violated. Report on the fitness of each schedule generated can be gotten from this 

interface. Such schedule generated, if satisfactory are stored by the user on the file 

system for future purposes. The schedule is presented on a grid view where nurses are 

arranged in the leftmost rows while the days are used as the headers. In addition, 

information on the number of nurses that are assigned a particular shift is presented at 

the bottommost row under each day while the number of shifts observed by each nurse 

is presented at the rightmost column facing each nurse. 

(f) Membership functions – membership functions for each nurse bases on their years of 

service and ranks are presented here. 
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Fig. 11: Manage Positions screen 

 

 
Fig. 12: Manage Nurses screen 
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Fig. 13: Scheduler screen 

 

 

 
Fig. 14: Membership function screen. 

 

 



Journal of Information Science, Systems 
and Technology, 2021, Vol.5, No.1/2 
[August], 15-37 [Research Article]  

Odumosu, O.O., Oladosu, J.B., Odumosu, O.O., Ojuope, K.I. / 
A Hybrid Genetic Algorithm Fuzzy Logic Based Decision Support System for 

Nurse Scheduling Problem / 31  

  

 
Fig. 15: List of nurses in the female medical ward 

 

7. System Implementation and Results 

 

7.1 Program and database development tools 

The requirements of the GAFL Decision Support System for Nurse Scheduling demanded that 

a capable tool and programming language be used for its development. Hence, C#.NET being 

a language used in developing .NET applications was chosen as the code behind language to 

build this application. MySQL (acronym for My Structured Query Language), is a freely 

available open source Relational Database Management System (RDBMS) that uses Structured 

Query Language (SQL) was chosen for the database development and management backend 

processes.  

 

7.2 Hardware and software 
In order to implement our Decision Support System, the following hardware and software are 

required: 

i. Windows XP, Windows Vista, Windows 7 or higher versions 

ii. MySQL server 

iii. .NET framework 4.0 or higher versions 

iv. Microsoft Visual C++ 2010 x86 Redistributable package 

v. Computer System: a regular PC of average configuration (Intel based processor and 

1GB will suffice in testing our DSS.  

      

     The experimental results reported below in this paper were obtained using Windows 7, 

AMD processor, 1.65GHZ, 2. 0 GB 64 bit operating system. 

 

7.3 Experimental results 

Data from the female medical ward of the State Hospital, Ijebu Ode, Ogun State, Nigeria were 

used because it had the highest number of available nurses, (15) than any other ward in the 

hospital. For the simulation of roster generation, all the fifteen nurses and their status variables 

(ranks, years in service) were considered. 

    It can be deduced from Table 1 that the higher the number of generations run, the higher the 

fitness function that represents how well the scheduler is able to satisfy the constraints, most 

especially the hard constraints (which are the hospital rules) in generating a feasible schedule. 
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Hence the scheduler is able to generate a feasible schedule with the highest fitness function of 

89.73% at 150 numbers of generations but at the cost of a very high run time of 164 seconds, 

which increase with increases in number of generation. 

 
Table 1: Performance of The GAFL Scheduler Algorithm 

Period (days No of Generations/Iterations Fitness Function Time (sec) 

28 5 77.57% 6 

28 10 71.83% 12 

28 15 84.38% 17 

28 20 85. 04% 23 

28 25 85.49% 27 

28 30 87.1% 34 

28 35 89.29% 38 

28 40 86.50% 45 

28 45 86.50% 50 

28 50 86.50% 56 

28 150 89.73% 164 

 

        

 
Fig. 16: The GAFL chart showing the number of generations, fitness function and time 

 

8. Conclusion  

The Nurse Scheduling Problem is a complex scheduling problem. The runtime increases as the 

number of variables becomes higher, this study was able to return a feasible solution satisfying 

the hard constraints, as well as the soft constraints which are the nurses preferences. It is 

noteworthy the development of our DSS model capable of a maximum 150 generations, easily 

adaptive, and very flexible whose fitness functions increases as the run increases up to the 

maximum. It is equally noteworthy the efficiency and reliability of the DSS in generating the 

nurse schedule for as many number of nurses as possible and not limited in any regard. Our 

model therefore could equally serve as a partial schedule where the head nurse could make 

adjustment manually to the roster if the need arises other than a fixed schedule that cannot be 

altered to accommodate changes for unforeseen circumstances. A future work should be 

directed at satisfying more soft constraints such as nurses preferred day off and shift and also 

capable to accommodate different hospitals requirement. 

 

9. Research contribution 

The contribution and benefits of this research are as follows: 

o Design and experimental testing of a GAFL approach to solving the Nurses Scheduling 

Problems (NSP) that shows substantial promise for improvement and real life use. 

o The development of a Decision Support System (DSS) application that links the 

implementation of the GAFL model algorithms to a backend database containing nurses 

status attributes and preferences and to a front-end User Interface that enables users to 
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use the GAFL model to generate feasible schedules by head nurses in different 

hospitals. 

o Use of the model will promote impartiality in the generation of roster schedules by 

minimizing human interventions, errors and biases of the head nurses in the repetitive 

and manually tedious scheduling of nurses that often cause job dissatisfaction among 

nurses.  

 

 
Fig.17: Nurse Schedule at 5 generations 
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                              Fig. 18: Nurse Schedule at 15 generations 

 



Journal of Information Science, Systems 
and Technology, 2021, Vol.5, No.1/2 
[August], 15-37 [Research Article]  

Odumosu, O.O., Oladosu, J.B., Odumosu, O.O., Ojuope, K.I. / 
A Hybrid Genetic Algorithm Fuzzy Logic Based Decision Support System for 

Nurse Scheduling Problem / 35  

  

 
          Fig 19: Nurse Schedule at 50 generations 
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