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Abstract –Currently Sambre-Avesnois Hospital doesn’t have a system to generate schedule taking into 
account operating theatre constraints and objectives. This workload is a part of the surgical unit supervisor’s 
responsibilities. It is done manually, which makes it more susceptible to errors and can be extremely time-
consuming. Thus, our work handles the conception and the realization of a computer-aided which schedules 
surgeries and optimize the unit program. 
 
Firstly, we have made an analogy between the functioning of the surgical unit and the flexible job shop 
problem. And so the idea of conceive a scheduling tool using an evolutionary approach was born. 
Furthermore we found a codification close to the reality. Then we implemented the various adapted genetic 
operators and realized a simulation with Java for one day in the surgical unit. We also made a comparative 
study with the static method currently used in the Sambre-Avesnois Hospital to demonstrate the efficiency 
of our model. 
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1 Introduction 

 
Hheterogeneous specialties and staff categories mobilization constitutes the key element of the surgical 
process progress. However, several constraints unsettled its smooth running. Besides, it requires rules of 
resources management and tasks organization in order to maximize efficiency. Thus, scheduling in the 
surgical unit will allow the Hospital to manage and coordinate its resources more effectively, ensure a better 
quality of care and minimizes costs. Six parts build this paper: the following section is a literature review. In 
the third section we describe and formulate the problem, while we detail our solution through section 4. 
Section 5 illustrates simulation results. Finally, section 6 is the conclusion. 
 
 

2 Previous Works 

 
Throughout the past 60 years, several works have dealt with the operating room planning and scheduling 
[Cardoen et al., 2010] which allowed us to study, compare, and be inspired by various methods:  
[Chaabane, 2004] and [Saadani et al., 2006] identified four problems treated separately: surgeries 
scheduling, definition of time slots of operating rooms opening, surgical unit planning, and operating rooms 
scheduling. Authors conceived an extension of the Hungarian method for the resolution of scheduling 
problems and planning in surgical unit. The definition of the opening hours of operating rooms was defined 
as a linear problem. Finally the scheduling of operating rooms was identified as Flow-Shop Hybrid problem. 



[Pham et al., 2006] modeled the elective surgical case scheduling problem as a multi-mode blocking job 
shop (MMBJS), a new extension of the Job Shop problem, and hdeveloped a mixed integer linear 
programming (MILP) formulation of the MMBJS considering all hospital resources as a single set.   
[Augusto et al., 2010] considered three types of resources: transporters, operating rooms and recovery 
beds; allowing patient recovery in the operating room when recovery room is crowded. However, 
emergency cases are not taken into account. So they proposed a Lagrangian relaxation heuristic, modeled 
as a 4-stage hybrid flow shop problem. 
 
[Hanset et al., 2010]; studied a daily scheduling problem, including material and human constraints, 
preferences and availability of the medical staff. This problem is modeled and solved via a constraint 
programming approach. It was based on two three-dimensional Boolean matrixes: 
- OTR(O operations, T time slots , R rooms) shows whether the operation o can be made in this room. 
- STR(S surgeon, T time slots, R rooms) traduces the availability of surgeon. 
Furthermore, the model contains other matrixes to model availability of the staff as well as material. 
Afterward, they modeled the real constraints by arithmetical constraints to reduce the search space. 
 
[Conforti et al., 2010] presented a multi-objective optimization model tackling the optimal planning and 
scheduling of surgical operations. The model determines the assignment of time slots to the surgical teams 
and schedules the elective inpatient surgical operations on the basis of clinical priorities. The proposed 
approach takes into account and suitable balances some strategic and conflicting goals, related to the 
improvement of resources utilization and considering patient’s priority value. In order to find the Pareto 
frontier, a metaheuristic approach based on the implementation of genetic algorithms has been proposed.  
 
Most of these works uses heuristic or metaheuristic approaches. We aim to use evolutionary approach too 
due to the complexity of the context study but applying a different modeling, and make maximizing of 
surgeon’s return our most important objective because surgeons are the rarest and most expensive 
resource. Besides, we aim to maximize the utilization of operating rooms and minimize hourly overruns. 
 
 

3 Problem Description  

 

The surgical process is done according to a trajectory of five tasks (Figure 1) standardized by The MeaH 
[Meah, 2008]  (French public National Mission for Hospital Audit and Expertise). This trajectory begins from 
the occupation of the room until its liberation.  
 

 
 

Figure 1. Surgical process 
 

3.1 Analogy with FJSP 
 

An analogy between the problem of scheduling in surgical unit and the Flexible Job Shop Problem (FJSP) 
can be illustrated in Table 1. We are going to manage in our problem the scheduling of surgeries taking into 
account problem constraints; First of all, we do know for each surgery, which surgeon is going to operate, 
so we have to assign each surgery to an operating room as well as assigning ranks during the planning 
horizon, in order to calculate start and end dates guaranteeing best surgeons performances.  
 
 



Flexible Job Shop Problem Problem of scheduling in Surgical Unit 

N jobs N surgeries 
 

M machines R resources ( human+ material + operating 
rooms) 
 

ni non preemptable ordered operations /job i ni non preemptable tasks /surgery i 
 

The problem: to organize the execution of  N jobs 
on M machines. 

The problem: to organize the execution of N 
surgeries requiring R various resources. 

The execution of each operation j of a job i (Oj,i) 
requires one resource (machine) or more selected 
from a set of available machines. 

The execution of each task j of a surgery i (Tj,i) 
requires one or more resources selected from a 
set of available resources. 

The assignment of the operation Oi,j to the machine 
Mk entails the occupation of this machine during a 
processing time called di,j,k 

The assignment of the task Tj,i to a resource Rk 
entails the occupation of this resource during a 
processing time dj,i (task’s duration) 

At a given time, a machine can only execute one 
operation: it becomes available to other operations 
once the operation which is currently assigned is 
achieved.  (Resource constraints). 

At a given time, a resource can only execute one 
operation: it becomes available to other 
operations once the operation which is currently 
assigned is achieved. (Resource constraints). 
 

 

Table 1. Analogy between FJSP and our problem 

 
 
3.2 Hypothesis 
 
We consider the following simplifying hypotheses to launch a first part of our work; we are gradually going to 
generalize in our future works. First, we suppose that all patients are ready for their surgery at any time. 
Then, emergency cases are not considered. Finally, we consider just one human resource: the surgeon, 
thus other human and material resources are available at any time. 
 
3.3 Formulation 

Notation 
 

  : Start date of a working day. 

  :  End date of a working day. 

 : Total number of operating rooms. 
  : Total number of surgeons. 

  : Total number of surgeries. 

           Indexes of operating 
rooms. 
          Indexes of  surgeons. 

           Indexes of surgeries. 

  : Start date of surgery  . 
  : End date of surgery  . 
  : Expected duration of surgery  . 
    Priority of surgery . 
               1: for allergic patient. 

     2: for patient having infection. 
                0: otherwise. 

  : Total number of tasks composing 
a surgery.  

          Indexes of surgery’s 
tasks. 

    : Task   during the surgery  . 

     : Start date of the task     . 

    : End date of the task     . 

     : Duration of the task     . 

  : Total number of the surgeries 

made by the surgeon  .  

  : Total number of the surgeries 

assigned to the operating room  . 
            Rank of a given 
surgery in the operating room o. 

             
                         1: if the surgery i is assigned to the 

                      operating room o taking a rank r. 

                         0: otherwise 

       
                     1: if the surgery   is made by the surgeon   

                 taking a rank  . 

                      0: otherwise 



Problem Parameters 
 

 For every operating room, we define these parameters: (According to the convention of MeaH) 

[Meah, 2008]   

      : It is the real time of 
operating room occupation; it is the 
sum of all surgeries durations. 

     : It is the time between the 
admission of the first patient and the exit of 
the last one; it corresponds to the duration 
of the whole activity in the OR o.  

  : It is the time exceeding 
E. 
 

        ∑            
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 For every surgeon, we define these parameters: 

CHs:  workload of surgeon s  
 

TVOs: It corresponds to the duration of the 
whole activity of a surgeon on a given day.  

Rs: The Surgeon's return is 
the result of the fraction of 
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 And so, we define three performance indicators : 

TO corresponds to the operating 
room occupancy rate 

TD corresponds to the overflowing rate R corresponds to the average 
return of surgeons 

     
∑         

 
   

∑        
 
   

       (E7)                 
∑      
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          (E8)     
 

 
 ∑    

 
      (E9)  

  

 However, we have to respect some constraints problems, we describe them as follow: 

Tasks Tj,i  composing the surgery i  must succeed one 
another. No preemption (run until done) 

             

           and                 (C1) 

Surgeries assigned to a given operating room must 
succeed one another. No preemption (run until done) 

                           

              with         (C2) 

If the patient is allergic (ai=1) the surgery must be 

scheduled at the beginning of the day; (r=1 ∀ o ϵ [1...O]) 
 
If  the patient has infection (ai=2) the surgery must be 

scheduled at the end of the day; (r=   ∀ o ϵ [1...O]) 

         

           and                 (C3) 
 

       
   

           and                 (C4) 

 
A surgery may be assigned at most to one operating 
room 

∑  

 

   

∑       

  

   

   

                 (C5) 

 
A surgeon cannot operate in two different surgeries at 
the same time.  
 

∑       

  

   

   

           and                 (C6) 

 
A surgery i may be assigned at most to one surgeon. ∑  

 

   

∑       

  

   

   

                                        (C7) 



Objective functions 
 
- Maximizing the utilization of operating rooms by maximizing TO. 

- Minimizing the time exceeding the time limit E by minimizing TD. 

- Maximizing the total return of surgeons by maximizing R. 

We have defined our parameters, our objectives and constraints. We notice that we are dealing with a multi-
objective scheduling problem. We aim to resolve it thanks to an evolutionary approach.  
 

4 Evolutionary Approach 

 

To resolve the scheduling problem described in the last section, we chose to apply the evolutionary 
algorithms (EA) because it provides the more faithful modeling to the reality. Besides, this approach is 
capable to create a high quality solution from an enormous solutions space. Evolutionary algorithms (EA) 
are stochastic search methods that mimic the metaphor of natural biological evolution. They operate on a 
population of potential solutions applying principle of survival of the fittest, to produce successively better 
approximations to a solution. At each generation, a new set of approximations is created by the process of 
selecting individuals according to their level of fitness in the population, then breeding them together using 
genetic operators such as crossover and mutation [Michalewicz, 1992]. EA has already been applied for this 
kind of problem. In our work it is the method and the modeling of our solutions that differs.  
 
4.1 Solution Representation 
 
 
 
 
 
 
 

 
 r  : if i  is assigned to o taking a rank r with  r  IN*                 

CH [i, o]=  *  : if i may be assigned to i 
   X : if i cannot be assigned to i                               

 
4.2 Four Genetic Operators: Evaluation, Selection, Crossover and Mutation 
 
Evaluation: In each iteration, we proceed to a new evaluation of the current population (set of 
chromosomes). For every Chromosome which represents a possible solution, the evaluation operator 
calculates performance indicators. In addition, the fitness function targets to optimize our performance 
indicators (E7) (E8) (E9), thus it saves best Chromosomes of each generation. 

Selection: After evaluation, comes a random selection phase of couples to create the descendant 
generation. Selection determines which individuals in the current population will contribute to generate the 
next one. 

Crossover: Crossover involves combining elements from two parent chromosomes into one or more child 
chromosomes. [Michalewicz, 1992] It is an operation of partial inheritance of parents’ chromosomes by 
combining their genes. In addition, the crossover operator favours the exploration of the search space and 
the admixture of the genetic material. In more concrete terms, this operator allows to create new 
combinations and enlarge our chance to find a better solution. Our operator uses a Crossover Mask. We 

We apply an efficient coding inspired from [Zgaya, 2008] which 
respects our problem constraints. We have chosen for our configuration 

a chromosome represented by a CH (NO) matrix, Figue2. Thus rows 
represent the surgeries (N surgeries) and columns represent the 
operating rooms (O operating rooms). In this way, each matrix element 
indicates the assignment of a surgery i to one room o as follow: 
 

CH O=1 O=2 O=3 O=4 O=5 

i=1 X * X 1 * 

i=2 X * X 3 * 

i=3 * X * * 1 

i=4 1 * X * * 

i=5 * 2 * * X 

i=6 X * 1 * * 

i=7 2 X * * X 

i=8 X 1 * * X 

i=9 * X * 2 X 

 

Figure 2. A chromosome example 
 
 



chose this type to conserve the fact that a surgery is assigned at most once to an operating room, in other 
words, to do not trouble the coherence under rows. Figure 3.  
 

        
        Figure 3. Illustration of crossover mask operator functioning 

Correction: aims to make all the solutions viable. We notice in the Figure 3 that the generation of the 
Chromosome Child 1 have introduced some errors on columns 2 and 5 corresponding to OR 2 and OR 5:  
-In OR 2: there are two surgeries (N°1 and N°9), however the rank of surgery N° 9 is equal to 3.  
-In OR 5: there are two surgeries (N°2 and N°4), however both ranks are equal to 1, and while two 
surgeries are assigned to the same room they cannot be made in the same time. 
And so, the correction operator intervenes to make the false solution viable by correcting false ranks. 
 

Mutation: It introduces some extra variability into the population to create modified individuals or 
Chromosomes. In our case we apply some permutation of ranks in the operating rooms. 
 

5 Case Study and Results 

The purpose of our work is to develop a scheduling tool in the surgical unit of Sambre-Avesnois Hospital 
which involves five operating rooms. In fact, the results shown through this section are directly taken from 
the real operating theatre. We have used Visual Paradigm* to implement UML diagrams of our system 
whereas the code source was developed by Java using Eclipse.  
* www.visual-paradigm.com 
 

5.1 Scenario of simulation 

We have chosen the following scenario to test the scheduling:  
N=14 surgeries, S=4 surgeons, O=5 Operating rooms (OR). 
 
Table 2 is a 5x14 table which contains the five estimated tasks durations of each surgery i with 1≤ i ≤14. 
 

i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

     10 12 25 20 15 15 10 20 10 15 30 20 10 15 

     10 5 5 8 10 12 15 30 14 5 5 12 10 20 

     30 10 20 15 60 20 22 21 40 28 29 33 30 10 

     10 5 20 10 15 10 10 5 22 15 15 5 5 5 

     15 15 15 15 15 15 15 15 15 15 15 15 15 15 

 
Table 2. Table of tasks durations 

The Random mask is intended to know, for 
every locus, about which gene (a row) of 
which parent children will have to inherit: 
 

- if the mask displays 1 in front of a 
locus, child N°1 will inherit the gene 
of parent N° 1 and child N°2 will 
inherit the gene of parent N° 2. 

 
- else if the mask displays 0 in front of 

a locus, child N°1 will inherit the gene 
of parent N° 2 and child N°2 will 
inherit the gene of parent N° 1.  

 
Possible errors can arise during crossing of 
genes producing nonviable chromosomes. 
 



We also consider these constraints: 
- Surgery 6: Allergic patient (a6=1) has to be scheduled in the beginning of the program. 

- Surgery 13: Patient having infection (a13=2) has to be scheduled at the end of the program. 

- Operating Room OR3: will not be functional.                  

(SC) 

5.2 Comparative study 

Static Approach 

 
The static approach is the method currently used in the hospital; every surgeon operates in a unique 
operating room. We notice the respect of constraints (SC).Table 3 illustrates the scheduling of the day. 
 

OR1- Surgeon 1 OR2- Surgeon 2 OR3 OR 4- Surgeon 3 OR5- Surgeon 4 

1   
4 

 
 
5 

 
 
 
8 

2    
3 

 
 
9 

 
 
 
13 

 6   
11 

 
 
12 

7   
10 

 
 

14 

 

Table 3. Static operating schedule of our simulation scenario 

 
Example: Surgeon1 operates in surgeries 1, 4, 5 and 8, and does not change the operating room all the 
day. The surgeon will be waiting before and after every surgical act (under utilization of resources). 
After calculating all the parameters, we obtain the following results:   

TO=100% (E7)  TD=0% (E8)    R=36% (E9) 
We notice that the static approach guaranteed an optimal solution for TO which is expressed by maximal 
utilization of operating rooms without any hourly overruns because it minimize TD. However the return of 
surgeons is low, which shows a non optimal utilization of this resource. 
 
Evolutionary Approach  

 
We have worked with 50 generations of 2000 individuals, giving 10 000 individuals (in 68 seconds), 10 000 
potential solutions. Besides, we generated a data base including the 3 performance indicators TO, TD, R for 
the 50 best individuals of each generation, Table 4. (best= the individual who provides the highest R) 
 

individual 0 1 2 3 4 5 6 7 8 

TO 0,9654 0,8508 1 0,8830 0,87207 0,7621 0,8979 1 0,9340 

TD 0 0,1529 0,1189 0 0,40249 0,1683 0,1534 0 0 

R 0,3517 0,2289 0,2398 0,3673 0,51430 0,1964 0,2260 0,3490 0,7053 

 

Table 4. Indicators results: a sample of 9 individuals from 50 

 
Figure 4 is a graphic representation of performance indicators shown in table 4.  
 

 
 

 
 
 
 
 
 
 
 

 
     

Figure 4. Performance indicators of 50 best individuals 
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The two peaks on R curve correspond 
respectively to the solutions 8 and 22: 
 

individual 8 22 

TO 0,9340 0,8979 

TD 0 0,0594 

R 0,7053 0,6242 

 

Table 5. Final solutions 
 



The maximal R equal to 70 % corresponds to the individual 8, for this configuration. We also have TO equal 
to 93 % and an optimal TD equal to 0%. However, individual 22 suffers from an overflowing (TD=5%). He 
offers low performances comparing to individual 8. Thus we will consider the individual 8 as better solution 
to be proposed to the surgery unit supervisor. Since every individual propose a schedule, here is the 
schedule proposed by individual 8 (Table 6). We notice the respect of constraints (SC). We work in minutes 
but have changed the scale to facilitate the data exploitation. Thus 8 o'clock is equivalent to 0.  
 

OR1 

i s bi ei 

7 4 0 72 

5 1 72 187 

8 1 187 278 

1 1 278 353 
 

OR2 

i s bi ei 

14 4 12 77 

3 2 77 162 

11 3 162 256 

2 2 256 303 
 

OR4 

i s bi ei 

10 4 37 115 

12 3 194 279 

9 2 279 380 

    
 

OR5 

i s bi ei 

6 3 232 304 

4 1 304 372 

13 2 372 442 

    
 

 

OR: Operating Room.   Table 6: Best Schedule solution 

 
Comparison 
Thanks to our approach we have improved the output of surgeons from 36 % to 70 %. However TO 
decrease from 100 % to 93 %, but TD is optimal in both cases. 
Thus, our method aims to make the compromise between our 3 contradictory objectives. 
 
6 Conclusion 

We have conceived and realized a system scheduling surgeries thanks to an evolutionary approach, taking 
into account availability of surgeons and by optimizing their surgeries program. Nevertheless, it is not going 
to replace the concrete and essential practices into the unit surgery, and it is not going to store information 
or make definitive decisions of its own accord either. It depends on the human factor. It is a system helping 
to make better decisions. In this study, we applied determinist durations and considered just one type of 
human resources. In order to avoid a so restrictive hypothesis; we are going in our future works to apply 
fuzzy temporal windows under durations. Furthermore, we will consider constraints related to the availability 
of other human and material resources. We will also try to add emergency cases in our model; the purpose 
is to have a dynamic scheduling. 
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