
  
Abstract - The master surgery scheduling problem 

involves the development of a master surgical schedule, a 
cyclic timetable that determines the patient category 
associated with each block of operating room time. A myriad 
of variants of the problem has been addressed in literature. 
Here we focus on two major variants, arising during 
cooperation with Karmoze hospital, a non-profit hospital 
located in Alexandria, Egypt. The first variant asks for 
balancing both beds and nurses daily requirements, whereas 
the second for considering surgeons preferences. To cope 
with these problems we introduce a new mixed integer 
formulation. The objective function minimizes the weighted 
sum of peaks in the daily bed occupancy and nurse daily 
workloads. The results show that our model provides a more 
leveled daily bed occupancy and nurse requirements. 
Furthermore, our model reduces both the daily bed 
occupancy and nurse workloads.   

 
Keywords - Health-care optimization, Master surgery 

scheduling, Mixed-integer programming, Operating room 
planning, Scheduling 
 
 

I.  INTRODUCTION 
 

According to “Healthcare Financial Management 
Association” (HFMA), Operating Rooms (ORs) present a 
large share of hospital care services and expenditures. 
ORs result in an estimated 40% of hospital revenue [1]. 
At the same time, this facility is one of the hospital’s 
largest cost and revenue centers with a cost-to-charge 
ratio of 0.44 [2] and it has a major impact on the 
performance of the hospital as a whole. This makes the 
scheduling of ORs a critical problem to study in order to 
meet the hospital goals. In this concern, it is necessary to 
schedule the ORs, in such a way that the 
operations/surgeries are carried out with maximal 
efficiency. The increase in efficiency of ORs schedule has 
a bearing on the overall resources efficiency, reduction 
and leveling of staff workloads and utilization of 
resources. 

The snag of ORs scheduling can be divided into three 
different and related problems, namely (i) the Case-Mix 
Problem (CMP), (ii) the Master Surgery Scheduling 
Problem (MSSP), and (iii) the Surgery Scheduling 
Problem (SSP) [3]. 

The CMP refers to the strategic decision of 
distributing the ORs’ times between the different patients  

 
categories in order to optimize performance, in other 
words, how the available ORs time is distributed among 
the different specialties. In the MSS problem, the ORs 
time is allocated to these surgical specialties over the 
scheduling window (typically, one week) in order to 
maximize and level resources utilization. This decision 
takes place on the tactical planning level of hospital 
management with the target of creating a cyclic timetable, 
Master Surgery Schedule (MSS). Finally, at the 
operational level, the SSP refers to assigning each surgical 
case a start time, a day, and an Operating Room (OR) 
with the target of minimizing the waiting time and 
maximizing resources utilization. In this paper, we are 
considering the tactical MSSP which is concerned with 
developing a MSS, which usually is cyclically constructed 
for a given planning period (usually 1–3 months to one 
year). An MSS defines the allocated Time Blocks (TBs) 
on each OR for each patient category overall the working 
day. 

The target of this paper is to build a balanced MSS 
with leveled resulting bed occupancy and nurse workloads 
while considering surgeon preferences (e.g. all blocks at 
maximal two different days or certain days). We assume 
that the surgeons prefer to work certain number of days 
per week due to other engagements (teaching activity, 
private work, etc). The objective function minimizes the 
weighted sum of peaks in the daily bed occupancy and 
nurse workloads. 

The paper is organized as follows: Section 2 presents 
an overview of the related literature. The proposed model 
is provided in Section 3. Finally, results and discussions 
are presented in Section 4, and we draw conclusions in 
Section 5. 
 
 

II.  RELATED LITERATURE 
 

The MSSP literature is rich with many solving 
approaches. There are three main approaches applied to 
solve this problem; Mathematical models, simulation 
models and combined approaches. The reader is referred 
to [4], [5] and [6] for more details on the MSSP literature. 

Many authors applied mathematical models in order 
to get a closed form solution. Originally, Blake et al. [7] 
proposed an integer linear programming model to tackle 
the MSSP with the target of minimizing the shortfall 
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between each patient category’s target and actual 
assignment of OR time. Testi et al. [8] firstly solved the 
CMP in order to select the optimal case-mix. Then they 
applied block-scheduling strategy for determining optimal 
time tables. Recently, Mannino et al. [9] tackled the 
MSSP and focused on balancing patient queue lengths 
and minimizing resort to overtime. To cope with these 
problems they introduced a new Mixed Integer Linear 
Programming (MILP) formulation and showed its 
beneficial properties. Furthermore, they develop a light 
robustness optimization approach in order to consider 
surgery demand uncertainty. Most recently, Ma and 
Demeulemeester [10] first choose the optimal patient mix 
then they constructed a balanced MSS in order to improve 
the patient service level by minimizing the total expected 
bed shortage. 

The objective function of minimizing and leveling 
bed occupancy has received a lot of attention in the MSSP 
literature. Beliën and Demeulemeester [11] developed a 
number of mixed integer programming based heuristics 
and a meta-heuristic to build cyclic MSS with leveled 
resulting bed occupancy with the target of minimizing the 
expected total bed shortage. They recommended that 
nurse staff capacity constraints and surgeons’ preference 
constraints should be considered in future studies, 
similarly [10]. Oostrum et al. [12] modeled the MSSP as a 
mathematical program and proposed a column generation 
approach that maximizes the operation room utilization 
and levels the requirements for subsequent hospital beds. 

However many authors suggested to consider 
Surgeons’ preferences [11], only Testi et al. [8] who have 
considered this issue in their MSSP model. They assumed 
that the surgeon utility function depends on the exclusion 
of particular days due to other engagements (teaching 
activity, etc). In our study, the definition of surgeon 
preferences is slightly deferent. We assumed that 
surgeons prefer to work certain number of days per week 
due to other engagements (teaching activity, private work, 
etc). On the basis of the explored literature, there is a need 
to consider minimizing and leveling the daily nurses’ 
workloads and to match the surgeon preferences while 
building the MSS. 
 
 

III.  THE PROPOSED MATHEMATICAL MODEL 
 

In this research, a new MILP model is presented. The 
proposed model addresses the MSSP with the objective of 
leveling the daily beds and nurses workloads while 
considering the surgeons’ preferences. In this study, we 
assume that surgeons prefer working for certain number 
of days per week. 

The solutions THRp of the first phase (CMP) are used 
as a constraint in the current model (MSSP). The MSS 
aims to define the assignment between patient category, 
day of week, surgery room and time block. The objective 
function of the MSS minimizes both the maximal of the 
required daily beds and the maximal of the daily nurses’ 
workloads. This hopefully results in a flat distribution of 

the bed occupancy and nurses requirements over all days 
of the week. In other words, the aim is to level the daily 
bed and nurse resources consumption as much as possible. 

In order to build a balanced master surgery schedule 
with leveled resulting bed occupancy and nurse 
requirements, a mathematical MILP model is proposed as 
below: 
 
A.  Indices 

 
The following are the indices for the model: 

p  Patient category index, (p = 1,..., P). 
a  Working day index, (a = 1,…, A). 
r  Operating room index, (r = 1,…, R). 
k  Time block index, (k = 1,…, K). 
l Week day index, (l = 1,…, 2L).  
 
B.  Data Parameters 
 

The data parameters for the model are de�ned as 
follow: 
�   The weight for minimizing the maximal daily 

beds needed (1 > � > 0). 
1- �  The weight for minimizing the maximal daily 

nurses workloads. 
Tp The surgery duration time for patients belong to 

patient category p (hours). 
BLk The length of time block k (hours). 
NBK  The maximum number of available parallel 

blocks in a day (blocks). 
THRp The number of surgery cases per week for patient 

category p (surgery cases). 
NTp  The number of surgery teams that may work in 

parallel for patient category p. 
LOSp  The length of stay for patients belong to patient 

category p (days). 
SNNP The standard number of nurses required to serve 

one patient in ORs (nurse/patient). 
NPDp The maximum number of working days that 

surgeon group of patient category p prefer to 
work in a week (days/week). 

M   A large enough number. 
 
C.  Decision Variables 
 

The following decision variables are considered in the 
model: 
1) Main decision variables:  
cpark  An integer variable refers to the number of 

surgery cases of type p which are assigned to a 
working day a on surgery room r and time block 
k. 

bpark  A binary variable with 1 if a time block k on 
surgery room r at working day a is assigned for 
patient category p, and 0 otherwise. 

wpa  A binary variable which equals 1 if patient 
category p is assigned to work at working day a, 
and 0 otherwise. 
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2) Summary variables (derived from main decision 
variables): 
MDB The maximal daily beds needed. 
MDN The maximal daily nurses workloads. 
NBDlap A variable that calculates the required number of 

beds on day l that caused by surgeries of working 
day a for patient category p. 

DBl  The number of required beds at day l. 
TDBl The total number of daily required beds in day l 

along one week or for only l � L (to consider 
patients who stay after the week end until the 
next week days). 

Nak  The nurses workloads along time block k on 
working day a for all surgery rooms. 

 
D.  Model Formulation 
 

Our problem can now be formulated as the following 
MILP model: 
The objective function is: 
Min  MDNMDB *)1(* αα −+        (1) 
Subject to:  
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The objective function (1) aims at minimizing the 

weighted peaks in the daily bed occupancy and in the 
daily nurse workloads. It consists of two terms; the first 
term aims at minimizing the maximal daily number of 
beds, while the second one aims at minimizing the 
maximal daily nurses’ workloads. Factors � and (1- �) are 
weights that are used to reflect the priority of each term. 
Constraint (2) guarantees that, for each assigned block to 
patient category p, the block length is sufficient for the 
surgery cases assigned to this block. Constraint (3) is a 
capacity constraint guarantees that the total number of 
weekly surgery cases (THRp) selected in the case-mix 
planning phase is considered. The left term calculates the 
total number of surgery cases assigned for each patient 
category p. THRp denotes the patient throughput of patient 
category p, which is received from the case-mix planning 
level. The reader is referred to Yahia et al. [13] for more 
details on how the values THRp are calculated. Constraint 
(4) is a well-known assignment constraint forcing each 
time block k on each surgery room r to be assigned only 
to one patient category p during the ath working day. 
Constraint (5) ensures that the number of assigned blocks 
does not exceed the maximum available number of blocks 
in each period. Constraint (6) is an assignment constraint 
forcing each patient category p to be assigned to a number 
of parallel blocks that must be inferior or equal to the 
maximum available number of surgery teams belong to 
patient category p. Constraints (7-8) are related to the 
surgeons’ preferences. In these constraints the maximum 
working days for each surgeon group per week (NPDp) 
are guaranteed. Constraint (7) defines the working days 
assigned for each patient category p by the binary variable 
wpa. In this constraint, M represents a large enough 
number i.e. � THRp, we used this formulation to guarantee 
the model linearity. Constraint (8) guarantees that the 
number of working days for physicians related to patient 
category p does not exceed the preferred maximum 
weekly working days NPDp. Constraints (9-12) are related 
to the daily and the maximal daily beds calculation. 
Constraint (9) calculates the required beds in each week 
day l as a function of the MSS. It calculates the number of 
beds required in day l resulting from surgeries of patient 
category p on day a. Constraint (10) sums the beds 
requirements for all patient categories at each day l. 
Constraint (11) calculates the required daily beds for 
patients who stay after the week end days. Obviously, 
when the LOSp exceeds the cycle time L, the 
corresponding number of beds has to be added to the beds 
required on the starting days of the next week. For 
example, a surgery is carried out at Wednesday with 
LOS=5 (days), the staying period for this case will be 
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extended to the next week days, i.e. Saturday and Sunday, 
which explains the formula of constraint (11). In overall, 
it defines the total number of occupied beds on each week 
day l over the cycle time L, i.e. one week. Constraint (12) 
provides the link with the objective function by imposing 
for each week day l that the bed occupancy on each day 
cannot exceed the peak bed occupancy (the first term). It 
implies that MDB exceeds each TDBl which ensures that 
the objective function minimizes the maximal beds 
occupancy MDB. Constraints (13-14) are related to the 
daily and the maximal daily nurse calculation. Constraint 
(13) calculates the nurses’ workload on working day a 
over block k. Constraint (14) provides the link with the 
objective function by imposing for each working day a, 
the nurses workloads on that day cannot exceed the peak 
nurses workloads, which is used in the second term of the 
objective function. It implies that MDN exceeds each Nak 
which ensures that the objective function minimizes the 
maximal nurse occupancy MDN. Finally, constraints (15-
16) and (17) reflect the binary and integer properties of 
the decision variables respectively. 

 
 

IV.  NUMERICAL RESULTS 
 
The approach for generating the MSS was tested with 

data from the Karmoze hospital, a non-profit hospital 
located in Alexandria, Egypt. Approximately 14,000 
patients annually undergo surgery in the OR departments 
of Karmoze hospital. The data used in this paper is 
collected based on database records and information 
derived through interviews with hospital’s surgical suites 
managers and staff. There are nine patient categories 
(P=9); Gynecology, Urology, Maxillofacial, General 
surgery-A (GS-A), General surgery-B (GS-B), General 
surgery-C (GS-C), Orthopedics, Otolaryngology, and 
Vascular. The surgery department in Karmoze hospital 
consists of three surgical suites, each of them consists of 
three ORs, with a total of nine ORs. The hospital includes 
many wards with 302 beds, but only around a half of this 
capacity is dedicated to the surgery department wards. 
The surgery rooms are available Saturday through 
Thursday for 5 hours daily (from 9:00 AM to 2:00 PM). 
The historical data for years 2010-2012 were used for 
calculation of LOSp. The ORs database was used to 
quantify the amount of time spent in the ORs for the 
performed surgical procedures. In this study, the surgery 
duration for each patient is recorded and the average for 
each patient category is calculated. Also it is assumed that 
the surgery time Tp for all cases within the same patient 
category is the same. The number of surgery teams 
available for each patient category NTp varies from 2 to 6. 

The MSSP model is solved near optimally with the 
commercial MILP solver LINGO (LINDO Systems Inc.). 
All runs were performed on a Core i5 processor, with 4 
GB memory and 2.5 GHz. The model runs are terminated 
after around 6 hours with an optimality gap less than 0.5 
%. The model is used to solve the original case with 9 
ORs and one block per day with BLk=5 hours. A 

preliminary analysis is conducted to investigate the model 
performance at different values for the weighting factor 
(�). We tested the model at three different values i.e. (� � 
0.5), (� = 0.5) and (� � 0.5). From the preliminary 
analysis results, we found that the model performance is 
better with � = 0.5. Thus, all runs are performed at this 
value of �. Firstly; we verified the model by solving a 
small size instance problem and checking the obtained 
solutions. Then; to investigate the model performance, we 
solved the proposed model at two value groups of THRp. 
The first group refers to the current case-mix plan on our 
case study hospital, while the second one refers to our 
proposed case-mix plan in previous study [13]. The MSS 
for the first group is denoted as (Proposed 1) while the 
MSS for the second one is denoted as (Proposed 2). 
Comparisons are conducted between the current ORs’ 
MSS denoted as Current and the two proposed MSS 
plans.  

The results of the proposed model and comparisons 
with the actual current performance are summarized in 
Figures 1 and 2. Figure 1 compares between the three 
MSS in terms of daily beds occupancy, while Figure 2 
compares between them in terms of daily nurses 
requirements. 

 

Sat. Sun. Mon. Tue. Wed. Thu. Fri.

Current 56 86 114 129 109 109 50

Proposed 1 92 88 92 87 92 92 92

Proposed 2 102 98 100 102 100 102 102
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Fig. 1.  A comparison between the daily required beds in the current and 
the proposed MSSs. 

Sat. Sun. Mon. Tue. Wed. Thu.

Current 14 20 15 25 16 18

Proposed 1 18 18 18 16 18 18

Proposed 2 20 20 20 16 20 20
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Fig. 2.  A comparison between the daily required nurses in the current 
and the proposed MSSs. 

 
Figure 1 shows the comparison between the three MSS in 
terms of daily beds occupancy. It can be seen clearly the 
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unbalanced beds occupancy in the current MSS. As we 
can see, beds occupancy goes down to around 50 near the 
week end days and it climbs sharply to reach the peak, 
with 129, at the middle of the week. On the other hand, 
we can find the leveled and smoothed beds occupancy 
level in either the proposed MSS plan for the current case-
mix (Proposed 1) or the proposed MSS plan for the 
proposed case-mix in our previous study (Proposed 2). 
The difference between the occupancy level in the 
Proposed 1 and Proposed 2 can be justified by the 
difference in the overall number of surgery cases for each 
plan. In regards to Proposed 1, the weekly number of 
surgery cases is 257, while it is 287 surgery cases in 
Proposed 2. This increase in the number of surgery cases 
can be justifying the shift in the beds occupancy level. 

Figure 2 shows the comparison between the three 
MSS in terms of daily nurses’ requirements. It can be 
clearly seen the fluctuation in the daily nurses 
requirements in the current MSS. As we can see, nurse’s 
requirements go up and down with a peak of 25 at the 
middle of the week. On the other hand, we can find the 
relatively leveled and smoothed nurses’ requirements 
level in either the proposed MSS plan for the current case-
mix (Proposed 1) or the proposed MSS plan for the 
proposed case-mix in our previous study (Proposed 2). 
Similarly, the difference between the Proposed 1 and 
Proposed 2 can be justified by the difference in the overall 
number of surgery cases between the two plans. 

 
 

V.  CONCLUSION 
 

The master surgery scheduling problem involves the 
development of a master surgical schedule, a cyclic 
timetable that determines the patient category associated 
with each block of operating room time. A myriad of 
variants of the problem has been addressed in literature. 
In this paper we focused on two major variants. The first 
variant asked for balancing both beds and nurses daily 
requirements, whereas the second for considering 
surgeons preferences. To cope with these problems we 
introduced a new mixed integer linear formulation. The 
objective function minimizes the weighted sum of peaks 
in the daily bed occupancy and nurse workloads. In order 
to find the best values for the weighting factors, we 
conducted a preliminary analysis by solving the model at 
different weighting values. The results showed that our 
model provides a more leveled and smoothed daily bed 
occupancy and nurse workloads, and in the same time it 
reduces both the daily bed occupancy and nurse 
workloads. Future work will be done on enhancing the 
solution quality and computational time by developing a 
heuristic or meta-heuristic algorithm to solve this model. 
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