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Abstract

The increasing demand for healthcare coupled with insufficient resource and service levels in hospital units results in large ineffi-
ciencies in hospital management. Operating Rooms generate the highest revenue – but also the highest operating costs, representing
40% of them – and its cost-effective management has been widely debated and studied over the past couple of years. However, the
existing literature only addresses this problem from either a theoretical approach or when experimental, the models are only developed
for specific case studies. Additionally, the lack of methodologies tested with the same data base hinders the comparison between them,
hampering the selection of the best methodology and its effective application at hospitals.

In this context, the objective of this work is to compile several benchmark instances for operating room planning and scheduling,
empowering the scientific community with high-value data. For that, several researchers were contacted in order to obtain data which
was analysed and converted to the format defined for the instances.

Thus, it was possible to compile a set of 247 instances formed with real surgical data and generated data. The diversified
parameters that are included focus on lists of performed and planned surgeries and waiting lists. Lastly, a website was developed to
publish the benchmark instances so that the scientific community can use it in their own experiments. This work paves the avenue to a
greater cooperation between hospitals and researchers, allowing the evolution in the field of surgery planning optimization.

Keywords: Operating Room; Optimization; Planning; Scheduling; Benchmark Instances

1. Introduction
Nowadays, with the fast technological evolution, the access

to health care services exponential increased in the last years.
Evidences show that this fact besides having positive impacts
on the development of the society, also leads to an higher de-
mand for hospital care [1]. However, the rise in demand hasn’t
been followed with the resources availability on hospital units.

The surgical activity has a major impact on hospitals. Around
40% of the hospital costs derive from the operating room (OR)
and 60% of the hospital admissions are surgical procedures [2].
Therefore, the OR is responsible for a considerable fraction of
the hospital costs but also for the revenue. Being one of the ma-
jor units, it is necessary to mobilize a higher number of material
and human resources so that its performance is not compro-
mised [3].

Due to the OR complexity, its planning and scheduling is cru-
cial for a effective management. A minor error like a bad esti-
mate of the surgery duration, leads to an inefficient utilization
of the unit and their related resources and, as a consequence,
the increase of the unit costs [4]. The optimization of the surgi-
cal activity is the key for a good hospital performance, so it has
been the subject of many studies.

Between various OR related problems, the Master Surgi-
cal Scheduling Problem (MSSP) that is associated with as-
signing surgical specialties to OR time and defining a cyclical
timetable for each OR and the Elective Patient Scheduling Prob-
lem (EPSP) that is related to assigning a room and a date to the
surgery of patients in the waiting list are the most referenced in
the literature [5].

Several approaches with different objectives have been pro-
posed for the optimization of the MSSP and the EPSP. Nev-
ertheless, there isn’t a recognize model that is more efficient
and has a higher implementation on real hospital scenarios,
giving rise to a certain interest in the field. It should however
be noted that less than 7% of the articles are related to spe-
cific case studies [6]. This way, the existing literature addresses
them only conceptually, testing them based on specific practical
cases, being their application extremely limited.

When performing a literature review focused on MSSP and
EPSP, is rare to find two or more articles using the same set
of surgical data to test their methodologies. This fact derive
from the lack of data sharing by hospitals but also by the scien-

tific community. As a consequence, it doesn’t exist a possible
comparison between developed methodologies and so, each
hospital manager has a difficult decision to take when trying to
optimize planning and scheduling of their ORs.

The need for developing a compilation of surgical data is quite
promissory and urgent. The objective of the present work it to
develop a public platform with surgical sets of data organized in
benchmark instances. The focus will be on having real surgical
data provided by hospitals or researchers and getting a large
mixture of parameters that work as inputs for the methodologies
being developed.

2. Methodology
To achieve the underlying objectives of this work, a method-

ology was defined that has three major phases: data collection,
development of benchmark instances and publication of bench-
mark instances. The three phases are explained below.

2.1. Data collection
2.1.1 Parameter setting

Through a literature review of 91 articles, that focus on study-
ing the optimization of OR planning and scheduling, the pa-
rameters used as inputs on the developed methodologies were
listed. Those parameters serve as filters to analyze the data
that will be collected and decided to include or not in the in-
stances that will be created. However, any parameter that is not
referred on those articles but that is collected will be reviewed
and included if makes sense.

2.1.2 Contact with entities of interest

In order to collect the higher number of data sets as possible,
a procedure to contact researchers and other entities of interest
was developed. This was carried out as shown below :

• List the 91 reviewed articles and contact the researchers
that are associated with articles that use real surgical data
provided by hospitals;

• Analyze a recent literature review [6] in which articles us-
ing real surgical data are mentioned, list them and contact
the correspondent author of those articles;
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• From the 91 reviewed articles, contact the correspondent
authors that worked with generated data;

• Resent emails to authors from which no response was re-
ceived.

The contact made with different authors was preferably via
email. In this way, contact addresses were obtained in several
ways: through articles written by the authors, through google
scholar or the researchers’ personal pages. Additionally, some
meetings were held to clarify the purpose of the project or in
some cases to demonstrate the data set that was sent by the
author in question.

To streamline the process, a standard email was initially de-
veloped and sent simultaneously to all authors chosen at each
stage of the process described above. In this email, the project
and its objective were presented, as well as the interest in col-
lecting the data used as input for the developed methodologies
in each article.

2.2. Development of benchmark instances
For the development of benchmark instances, the collected

data was organized, edited and standardized. The various in-
stances don’t need to have the same content and parameters
or to have the same size since they come from data that was
sent by different authors or different hospitals. Even so, it is im-
portant to have the same name to the same type of parameters
in each instance and to be presented on the same format.

A model was developed to be used for all the data sets that
were analyzed and for their conversion into standardized bench-
mark instances. To develop it, some rules were taken: the for-
mat, the order of the parameters and the name and definition
of each parameter. Since each instance will be published on
a CSV file, data will be presented as a tabular format in plain
text, separated by commas. For the second rule, it was used a
template of one of the collected data and through this, the order
in which the parameters would be listed was defined. At last,
the name of each parameter was defined and each description
was held with the help of a surgical glossary [7], although it is
necessary to adapt it for each specific data set.

Afterwards, as the majority of the collected data sets came
directly from documents shared by hospitals, it was necessary
to proceed with their analysis and treatment, so that they would
conform with the benchmark instance model previously defined.
The entire process was carried out in Microsoft Excel, through
its functions and tools.

After the data processing and consequent formation of the
various benchmark instances, it was mandatory to define the
format and the platform on which they will be presented to the
scientific community.

2.3. Publication of benchmark instances
After the development of the various benchmark instances,

the focus was on sharing and publishing them. But first, the
instances created were sent to the authors and hospitals that
provided them, so that they could confirm that all data could be
shared together with the source (the article).

For this purpose, it was important to define in advance the or-
ganization and format in which each instance would be shared,
as well as the type of platform that would be developed. In order
to share the various instances, they were organized and placed
in an accessible format. Thus, they were separated into fold-
ers in zip format, where each folder corresponds to a specific
hospital, shared by an author or researcher.

Each folder contains the number of instances that the cor-
respondent author or hospital provided in a CSV file and the
instances are further accompanied by a txt file that provides
the source from which the data was obtained, additional infor-
mation about the hospital to it belongs, as well as information
and instructions on how to read each instance.

Finally, it was necessary to define the type and create an
open access platform to publish the developed instances, so

they can be used by the ones in need and therefore, it was de-
cided that it would be shared on a website developed through
WordPress. This is an open source content management sys-
tem, which allows the creation and editing of a website in a sim-
ple and practical way, without the need to use a programming
language. For this to be published, it is necessary to host it in a
domain that was provided by Instituto Superior Técnico. Thus,
an easy-access website was created and developed, which will
be disclosed with all benchmark instances created so far.

3. Results
This section consists of the presentation and analysis of the

results obtained, through the application of the methodology de-
scribed in the previous section. The results are presented by the
same three phases as the methodology: data collection, devel-
opment of benchmark instances and publication of benchmark
instances.

3.1. Data collection
3.1.1 Parameter set

The definition of the most interesting parameters, which act
as inputs in the developed methodologies and models, was car-
ried out by the literature review that was carried. It was possible
to extract 83 parameters, where the 15 most used are: real
surgery duration, planned surgery duration, number of ORs,
surgical specialty, number of surgeries performed per week,
length of stay, timestamps, number of surgeons, arrival rates,
priority, resources capacity, waiting list, block active time, allo-
cated surgeon and resources utilization, in descending order of
utilization.

With this review it was intended to achieve two objectives,
the collection and inclusion of the highest possible variability
of parameters, so that they can adapt to the largest number of
existing methodologies or the ones to be developed. But also
to give preference to the parameters that are most referenced
in the articles reviewed, as probably they will also be the most
wanted in the future. Although these parameters are defined as
those of greatest interest, in the case of obtaining others that
are not included, they will be analyzed and used if they fit into
the present study.

3.1.2 Established contacts

To obtain the data sets, several correspondent authors of
articles within the MSSP and EPSP context were contacted.
The authors were chosen through the process explained in the
methodology.

Thus, a total of 145 authors were approached. From the 145
contact attempts, 54 responses were obtained. From the re-
sponses received, 14 (26%) were from authors who sent and
shared the data sets used in their articles (positive answer) and
40 (74%) were from authors who did not shared the data (neg-
ative answer), due to various reasons. This information is pre-
sented in the pie charts in the figure 1.

Positive responses are analyzed in the following subsection.
As for the negative responses, several reasons were received
by each author for not sending the data set used in their articles.
From the 40 negative answers, 15 (38%) were emails that were
forwarded by the correspondent author to other co-authors, 20
(50%) are associated with the impossibility of sharing due to
confidentiality agreements with the hospital and 5 (12%) refers
to other answers, such as the language in which data were pre-
sented or the unavailability to search for the data as it was used
many years ago.

Regarding the responses received, although only 26% of
them were positive showing availability for cooperation and data
sharing, this number was higher than expected. As for the
negative answers, those corresponding to ”forwarded emails”
were not taken ahead by other co-authors, despite the interest
showed by the correspondent author. Those included in the cat-
egory ”others” represents for example logistic problems, making
it impossible to share the data sets. The 50% that represents
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Figure 1: Answers obtained from the contacts made. The pie chart on the left shows
the percentage of positive and negative answers. The pie chart on the right shows,
within the negative answers, the percentage of each reason associated with each
response.

”private data”, prove the nowadays existing problem in the lack
of sharing and publishing surgical data. This authors justified
their answer due to privacy policies agreed between the hos-
pital and the researchers, because it is a mandatory procedure
asked by the hospital and only with that the data is provided. So
it is possible to say that one obstacle found in the development
of a platform like this is mainly made by hospitals and not by
the scientific community that studies the subject, as they signed
those confidentiality agreements that forbids the publication of
data, even if the data is anonymous. Accordingly, hospitals pre-
fer not to share their data (not cooperate) even though long-term
cooperation can bring advantages in the development of new
methodologies that enables the optimization of their processes,
like the OR planning.

From a different perspective, when analyzing the existing lit-
erature, such a high number of positive responses was not ex-
pected, as until this moment any platform with compilation of
surgical data hasn’t been developed. Therefore, it was possible
to continue the project with a significant amount of data sets.

3.1.3 Collected data

As mentioned above, it was possible to obtain 14 positive re-
sponses related with different articles, in which the data sets
used were shared. Table 1 lists the articles and related refer-
ences of the articles that provided the data sets. Each article
is associated with a letter, from A to N, that will be used in the
remaining analysis.

Data set I is associated with an anonymous author that al-
lowed the sharing of the parameters used, as long as they were
not associated with any information that could identify either the
hospital or the article.

Whilst the development of the data collection process, it was
also possible to get in touch with three researchers in the area
who developed or are still associated with projects related to
benchmarking or just the compilation of data concerning surgi-
cal activity. The person in charge of the unique public website
was contacted. The platform contains a vast benchmark set
with generated data, as well as an instance generator, based
on real surgical data from a hospital. Although it has the same
objective as the present platform, it is complementary since the
objective is to focus on diversified data and parameters, with a
greater focus on real surgical data. Thus, the platform already
made available will be shared on the developed website, as they
are complementary.

Additionally, the corresponding author of several interesting
articles in the field was reached, whom despite not having real
hospital data sets, shared a drive consisting of a generated
database, including a list of surgeries with various parameters:
allocated OR, real surgery duration, surgical specialty, informa-
tion regarding the patient comorbidity level and information on
whether the request for each surgery was performed before or
after the closing hour of the daily schedule for each OR. Like the

previous one, this will also be shared in the developed platform,
as it consists of an instance, that despite having few parameters
is composed by a huge number of surgeries.

Finally, through the contact with a third researcher, it was
possible to know about the existence of a benchmark with real
surgical data from cardiovascular surgical interventions. It con-
tains 150 to 200 instances that are not public nor was possible
to obtain, because is only available for the group of researchers
associated with the hospitals that provided the data. Even so,
a meeting was held to share experience in data collection and
development of instances. In this benchmark, few parameters
were used (usage of OR, number of overtime hours, cancella-
tion rate and length of stay) also due to its specificity, being only
for the cardiovascular specialty. Two advice were obtained for
the process of creating the instances: collecting as much in-
formation as possible from the hospital that provides the data
and taking into account the countries where they are based.
This researcher gave a lot of emphasis on those two aspects
so that, when anyone wants to use the instances, they have the
possibility of knowing the size and functioning of the hospital
as they affect several characteristics of the data, for example
the size of the waiting lists or the resources capacity and utiliza-
tion. Thereby, importance will be given to the collection of all the
available information regarding each hospital and the instances
will be separated according to the hospital from they derived.

At this moment, there are only three compilations of surgical
data regarding the OR planning but only two of them are pub-
lic. Both of them contains generated data and a small number
of parameters, limiting their use for comparing various method-
ologies. As they are constituted only by generated data, the
existence of symmetries between the various instances is more
likely, compared to instances with real data. These two plat-
forms were developed by authors and researchers who study
the topic and noted the existing gap in data sharing and com-
pilation and, therefore, their creation came to fill this gap. An-
alyzing the number of articles and methodologies already de-
veloped on the subject and the importance given to it, there
is a very small and insufficient number of instances that can
be used for the study and testing of the developed models and
methodologies. This opinion was also denoted by the authors
contacted, who encouraged the collection and formulation of
this platform, including the two aforementioned, who gave im-
portance to its creation to complete the two existing platforms.

In addition to the collected data throughout the contact with
correspondent authors, two data sets were added to the com-
pilation shared by two Portuguese hospitals, Centro Hospitalar
Lisboa Norte (CHLN) and Hospital do Espı́rito Santo de Éevora
(HESE). Each one of these was associated with the letter O and
P, respectively.

In table 2 some characteristics of the collected data are pre-
sented: country, date, type of data (generated, real, generator)
and number of instances. The country is associated with either
the location of the hospital if applicable, or the location where
the research group is located. The date refers to the acquisition
date of the data if it is real, or when it was generated otherwise.
Regarding the type of data, it can be real when the set is orig-
inal and provided by hospitals, it can be generated based on
information provided by hospitals or only on projections made
by researchers and it can be a generator of data that, as the
name implies, is made up of parameters and distributions that
allow the generation of new data sets depending on the avail-
able parameters.

The first observation that can be taken from observing the
characteristics presented in the table is that the majority of col-
lected data are old. This fact can bring some disadvantage in
the development of instances, since more recent instances are,
more they resemble the current state of surgical activity, but still
due to the limited number of data sets available, these were the
ones that could be collected. Regarding the type of data, 5 data
generators, 2 generated data sets and 9 real data sets were col-
lected. Although an effort was made to collect as much real data
as possible, this task was also hampered by the small number
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Table 1: List of articles and related references of the articles that provided the 14 data sets.
Article Reference

A Optimizing a multiple objective surgical case sequencing problem [8]

B Robust surgery loading [9]

C Application of a patient flow model to a surgery department [10]

D A decision support system for cyclic master surgery scheduling with multiple objectives [11]

E Visualizing the Demand for Various Resources as a Function of the Master Surgery Schedule: A Case Study [12]

F Improving operational effectiveness of tactical master plans for emergency and elective patients under stochastic demand and capacitated resources [13]

G Bi-Criteria Scheduling of Surgical Services for an Outpatient Procedure Center [14]

H Patient mix optimisation and stochastic resource requirements: A case study in cardiothoracic surgery planning [15]

I Anónimo -

J Process Modeling of ICU Patient Flow: Effect of Daily Load Leveling of Elective Surgeries on ICU Diversion [16]

K Integrating Data Mining and Optimization Techniques on Surgery Scheduling [17]

L Planning and scheduling of semi-urgent surgeries [18]

M A pre-assignment heuristic algorithm for the Master Surgical Schedule Problem (MSSP) [19]

N Master surgery scheduling with consideration of multiple downstream units [20]

of articles that use them and by the confidentiality agreements
signed between researchers and hospitals. Even so, the num-
ber of real data is higher than those generated, which for the
barriers found is positive. The generated data sets are also
valuable, but compared to the real ones, have some disadvan-
tages already mentioned. The data generators, despite not be-
ing instances in themselves, allow the generation of new sets
and therefore new instances.

It was possible to gather a total of 262 instances, of which
37 are constituted by real data and 225 by generated data. This
discrepancy is reasonable, since it is possible to produce a large
number of sets in the data generation, like for example set A that
is constituted with 224 instance that were generated to test its
methodology. It is important to bear in mind that the actual data
sets are directly extracted from documents provided by hospi-
tals. For all the obstacles founded in the process, it is possible
to say that the number of possible developed instances is re-
markable.

In essence, it was concluded that the collection of data with
the contacts made was successful due to the number of sets
obtained and the variability of their origin. The number of possi-
ble instances resulting from this collection is high and sufficient
for the creation of a consistent platform that will enable the use
of the developed instances to compare existing methodologies
in the field.

Table 2: Characteristics of the collected data (country, date, type of data and number
of instances).

Data set Country Date Type of data Nº instances
A Belgium 2005 Generated 224

B Netherlands 2006 Generated 1

C Italy 2008 Real 1

D Belgium 2004 Real 1

E Belgium 2004 Real 1

F Netherlands 2011 Generator -

G USA 2006 Generator -

H Netherlands 2006 Generator -

I USA 2014 Generator -

J United Kingdom 2009 Real 1

K Portugal 2011 Real 10

L Netherlands 2007 Real 1

M Italy 2010 Real 1

N Netherlands 2008 Generator -

O Portugal 2008-2019 Real 14

P Portugal 2015-2019 Real 7

3.2. Development of benchmark instances
3.2.1 Analysis of collected data

It was possible to collect a total of 16 sets from various re-
searchers and from the two previously mentioned Portuguese
hospitals. Each set is constituted by one or more instances and
each one of these by several types of parameters. This way, it
was necessary to previously analyze the type of data that were
collected, in order to conclude whether they address the two
OR planning problems (MSSP and EPSP), but also to examine

their content and the type of data processing that it would be
necessary to developed the various instances. This analysis is
then presented for each of the data sets obtained.

Set A
Set A consists of 224 instances of generated data based on

hospital information. Each one of the instances represents a
list of planned surgeries, but the number of surgeries varies be-
tween instances despite the parameters being the same. For
each surgery, the following parameters are presented: type
of surgery, expected surgery duration, Post-Anesthesia
Care Unit (PACU) length of stay, bottleneck instruments
and other information related to either the patient or the
surgery. Each instance was received in a txt file with only
the values associated with each parameter and, in parallel, the
correspondent author sent the code used to generate the in-
stances, that allow to read them.

Set B
This was obtained from the author of the only existing open

access website constituted with generated instances. In addi-
tion to his platform, he also sent a larger instance also consti-
tuted with generated data. This is representative of a list of surg-
eries with the following parameters: surgery date, allocated
OR, surgical specialty, planned surgery duration, standard
deviation of surgery duration and surgery duration. Addi-
tionally, a data generator with a distribution was collected to cre-
ate new lists of performed surgeries with information about the
surgical specialty and the mean duration and standard deviation
of the duration. It was also made available the block availabil-
ity per day and the probability of urgent surgeries arrival per
specialty, which allows the generation of lists related to planned
surgeries.

Set C
Composed only by an instance of real data provided by a

hospital center. This instance is a list of 100 patients that fo-
cuses on the surgery priority and the waiting times at various
stages of the entire surgical process (surgery scheduling, hos-
pital admission, waiting for surgery and waiting for discharge)
and also the sum of these times, which in some cases is invalid
due to the lack of information about some waiting times. How-
ever, the number of this occurrences is not significant to discard
the present instance.

Sets D and E
Sets D and set E were provided by the same author but cor-

respond to two different data sets used in different articles. Set
D is composed by an instance with several planned surgeries
and associated information such as the surgery date and day
of the week, allocated ward and surgeon and length of stay
in the hospital. Set E is the link between the list of available
surgeons and the resources consumption by each one of
them, where the number of time blocks and shifts in which they
are applied is shown.
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Set F
Set F does not have a list of individual patients, but groups

of patients that are divided according to their age, the level
of surgery complexity and the Intensive Care Unit (ICU) and
OR length of stay. For each group, the arrival rate per day,
planned surgery duration, average length of stay before
surgery and ICU and Medium Care Unit (MCU) length of
stay distributions are presented. The capacity of multiple
resources by day of the week is also available. This data set
is presented in the literature [13] and was developed using real
data provided by a hospital, but it can also be used to generate
new data for individual patient lists.

Set G
Set G is also a data generator based on real hospital pa-

rameters, which is available in the respective article [14]. For
each surgical specialty, the following parameters were provided:
number of surgeries, mean surgery duration, standard de-
viation of duration, as well as the distribution associated with
each stage of the surgical process. Distributions and associated
parameters related to patient transfer time between units and
the turnover time between surgeries are also presented. The
existing parameters allow the creation of new lists for planning
surgeries.

Set H
Set H is a data generator that despite having been submitted

by a different author and referring to a different article, is quite
similar to data set F, but with less information than this one. It
was later understood that the authors who sent the two gener-
ators carried out the two articles together and these are based
on the same hospital data. Thus, as set F is more complete
than set H, this one will be excluded and will not be used for the
development of instances.

Set I
It consists of a list of surgical specialties that for each of them

presents number of surgeries, average number of surgeries
per week, average surgery duration, average turnover time
between surgeries and standard deviation of the number
of surgeries, duration and turnover time. This data set was
partially provided by a hospital and adapted by the investigators
who used it for their article. Like set F it can be used in its
original format or to create new data sets.

Set J
Set J consists of an instance composed by real data provided

by a hospital. This contains the patient inflow and outflow of 4
ICU for one month. Despite being an instance that contains only
one parameter, it was presented because it can be used to, for
example, analyze the maximum number of surgeries that can
be scheduled depending on the number of ICU available beds.
Therefore giving the possibility of its use for this type of studies,
increase the parameters variability and the methodologies that
can be reached with the formulated instances.

Set K
Set K has 10 instances, where each one corresponds to a

waiting list for each existing surgical specialty in a Portuguese
hospital. Each list has several parameters such as priority, sur-
gical specialty, allocated surgeon, waiting time for surgery
and planned duration of surgery. Furthermore, the block
availability is also referred to for each shift and each surgical
specialty.

Set L
Set L was acquired through an article that studies the plan-

ning of semi-urgent surgeries. From this, only one table was
picked with the number of elective, urgent, semi-urgent,
overtime or canceled surgeries and with OR capacity per
week. Since this was the only information available for sharing

and this is quite limiting, is not enough to form an instance in
itself and therefore the data set L will also be excluded.

Set M
It comprises an instance with approximately 400 planned

surgeries and the respective parameters associated with each
surgery: surgery date, priority, surgical specialty, surgery
duration and expected length of stay.

Set N
Like some of the previous data generators, this one is avail-

able in the respective article from which it was taken and
presents several parameters for a total of 7 surgical specialties.
The parameters are: expected number of operated patients,
probability of ICU patient need, expected ICU length of stay
and expected ward length of stay. The present set is related
and can be used for planning the Master Surgery Schedule tak-
ing into account the hospital units associated with the OR.

Set O
Set O was provided by one of the Portuguese hospitals,

CHLN. It contains 14 instances with real surgical data that can
be summarized in three different types: waiting lists, planned
surgeries lists and lists with timestamps. Waiting lists have
the surgery request date, patient’s date of birth and gender,
priority, type of surgery, surgical specialty and allocated
surgeon. Regarding the planned surgeries, it is available the
expected date for surgery and request date, allocated OR,
priority, type of surgery, surgical specialty and allocated
medical team. Finally, the last surgery lists have several times-
tamps of the entire surgical process, from the time the patient
enters the OR until the recovery. By analyzing the various exist-
ing documents, it was possible to observe that there were sev-
eral data from surgeries that were repeated and, for this reason,
it was necessary to exclude some instances of this set, resulting
in only 10 instances in total.

Set P
Set P refers to data provided by the other Portuguese hospi-

tal (HESE), in which 7 instances were presented. Among these,
the parameters provided are the same as those referred in the
previous data set (O) and are also divided into three types of
data: waiting lists, planned surgeries lists and lists with
timestamps. For the same reason mentioned above, some
instances were excluded due to the existence of duplicate surg-
eries in them, leaving a total of 5 instances.

After analyzing the content of the 16 collected data sets, two of
these (H and L) were excluded, leaving a total of 14 data sets
to continue the development of instances. After this step, it was
clear that some data processing would have to be carried out for
the formation of the various instances, in order to standardize
them. The following section describes this process, as well as
the title and definition associated with each parameter included
in the instances.

3.2.2 Standardization and development of instances

To develop the compilation of instances thru the 14 data sets,
it is essential to create a uniform template to convert the var-
ious data sets into this model. For this, it was necessary to
define a range of characteristics to be included in the format of
each instance. It was defined that in all instances each column
corresponded to a parameter and the lines to individual surg-
eries, surgical specialties or groups of patients, depending on
the case. Any additional hospital information that was referent
to all instances would not be included in each one of them but
would be stated through the website or a separate document.
Since the instances were converted into a CSV file, it was im-
portant that their organization was as clear and simple as pos-
sible. During the development of the instances in Excel, each
document cannot be composed of more than one sheet, as this
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is not compatible with the CSV format, and cannot exist joined
cells due to the same reason.

Through the analysis carried out to the 14 collected data sets,
the parameters that would be included in each instance were
selected and defined, to improve consistency between the var-
ious developed instances. The following parameters were es-
tablished:

• Surgery duration: corresponds to the time elapsed from
the patient’s OR entry until the exit, and is represented in
minutes.

• Planned surgery duration: corresponds to the expected
duration of the described procedure from the surgery du-
ration, and is also represented in minutes.

• Length of stay: refers to the time the patient is at the hos-
pital in days. Within each instance, it can also be specified
the OR time, the ICU, MCU, PACU time or preoperative
time.

• Resources utilization: by resources it can be intended
material resources such as beds, instruments, devices
and human resources such as surgeons, nurses, assis-
tants. It can be displayed in number of resource or utiliza-
tion hours.

• Resources capacity: which can refer to the same re-
sources listed above and is presented in the same units.

• Patient characteristics: such as age, date of birth and
gender.

• Surgery characteristics: such as type of surgery, date,
day of the week and allocated OR, ward and surgeon.

• Surgical specialty: corresponds to the specialty with
which the surgery is associated, such as general, cardio-
vascular or plastic surgery.

• Priority: each surgery has a defined priority, depending
on the urgency associated with it. It usually ranges from 0
to 4, with 4 being the most priority surgeries.

• Standard deviation of surgery duration: degree of vari-
ation in the surgery duration, and is presented in minutes.

• Mean surgery duration: based on historical records, it is
the average duration associated with each type of surgery
or with surgeries in a specific specialty. Displayed in min-
utes.

• Expected number of urgent surgeries: it is based on
historical records and represents the expected number of
urgent surgeries to be received at the hospital, per week
or day.

• Block availability: displays the number of hours each OR
is available to perform surgeries.

• Waiting time: it can refer to the waiting time between
the request and the day of surgery, but also the waiting
time at the hospital, between entering the hospital and the
surgery itself, or between surgery and hospital discharge.
Displayed in days or minutes.

• Arrival rate of patients: number of patients entering the
hospital per hour, day or week.

• Transfer time between unit: it is presented in minutes
and represents the time to transfer a patient between the
OR and its associated hospital units (PACU, ICU, for ex-
ample).

• Turnover time: represents the time between the end of
one surgery and the beginning of another, and is pre-
sented in minutes.

• Mean number of performed surgeries: based on histor-
ical records and represents the number of surgeries per-
formed per day or week or per OR.

• Expected number of performed surgeries: based on
historical records and represents the expected number of
surgeries performed per day or week or per OR.

• Standard deviation of number of performed surgeries:
indicates the degree of variation in the number of surg-
eries performed per day, week or OR.

• Number of patients at ICU

• ICU probability:probability that a patient will need to stay
at ICU.

• Timestamps: temporal marks of various events in the
surgical process, such as entering the OR or the begin-
ning of anesthesia.

As was observed above, 23 parameters are extracted from
the collected data sets. Although a general definition has been
developed for each parameter, within each instance and asso-
ciated supporting document, the parameters mentioned in each
instance are specified, especially in the case of patient and
surgery characteristics. Each parameter unit is also displayed
in the supporting document.

Moreover is important to uniform the instances in terms of
structure. Although some sets were already in the defined
standardize format, in others it was necessary to make some
changes. For example, in data set A, it was necessary to an-
alyze the collected instances through the code used to gener-
ate them. Additionally, each instance was based on the type
of surgery instead of being constituted by a list of surgeries,
with changes being made, the parameters are now presented
for each surgery rather than for each type of surgery. Data set
K consisted of 10 instances, each one of them was a waiting list
corresponding to only one surgical specialty and it was possi-
ble to gather the various waiting lists in only two instances. In
other sets the data was received in a txt file, in which each line
corresponded to a parameter, since it was previously defined
the opposite, the change was made to correspond each column
to a parameter. In addition, in sets O and P, as they were di-
rectly provided by hospitals, they were not organized like the
remaining data, existing a high number of duplicates within the
same instance and even between several instances. It was also
common to find empty records, that didn’t have enough informa-
tion about the correspondent surgery. Therefore, even in these
two sets, several instances were excluded for the reasons pre-
viously mentioned. In general, structural changes were carried
out in all instances and some redundant information and param-
eters were excluded if they didn’t fit into the study in question.

Regarding the data generators, they weren’t considered as
instances but are quite valuable as they allow the generation of
new data and can also be adapted to a certain distribution. The
parameters presented in each generator may not be enough
to generate a complete instance, but it can be useful for some
studies developed that need a specific type of data. Although
most of them are already available in the literature, from now on
it will be possible to find a compilation of these.

3.2.3 Analysis of developed instances

After analyzing and standardizing the aforementioned data
sets, a total of 247 instances and 5 sets of data generators were
created and compiled to be published. In table 3, the number
of instances and data generators that resulted from each set is
presented.
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Table 3: Number of instances and data generators (represented by G) that were extracted from each data set.

A B C D E F G I J K M N O P

Nº Instances 224 1 + G 1 1 1 G G G 1 2 1 G 10 5

Analyzing the instances, 225 are made up of generated data
and 22 are constituted with real data. In general, it was possible
to gather instances consisting on lists about planned surgeries
and others about performed surgeries. Within the lists of per-
formed surgeries, several types were also identified with infor-
mation like waiting times, patient flow or resources consumption
for each surgery. Several instances were also built consisting on
waiting lists of patients for surgeries and others composed on
timestamps related to the surgical process.

Within the several types of developed instances, the param-
eters presented in each one of them were listed, to enable their
analysis. Table 4 shows the correspondence between the vari-
ous parameters and the data sets were they are located, as well
as the percentage of utilization of each parameter in the created
instances.

Figure 2 presents the percentages (in descending order) of
utilization for the parameters in the created instances, to facil-
itate their analysis and comparison with the parameters men-
tioned from the literature review.

Figure 2: Parameters used in the developed instances and correspondent percent-
age of utilisation.

Various analyzes can be performed on the obtained results.
Although the general objective of the dissertation is the com-
pilation of several instances, within it there are other goals that
are intended to be achieved. As previously mentioned, the com-
pilation of as many instances as possible, incorporated with a
high level of parameters variability, but also with the parameters
most used in the literature, is useful for the study of MSSP and
EPSP, related to the optimization of OR planning.

Analyzing the parameters presented in each set, it was possi-
ble to build several types of instances or generators with several
types of data (table 4). Some are related to lists of surgeries al-
ready performed, such as set B, in which it is common to have
the planned and real surgery duration, the length of stay and,
more specifically, in sets O and P, which are made up of times-
tamps including the exact time an event occurred like the OR
entry and exit or entry and exit from the hospital, as well as
the beginning or end of anesthesia. This type of parameters
is only accessible when surgeries have already taken place but
are difficult to obtain through hospitals and therefore, even if it
is a list of performed surgeries, it is more usual to know the
expected surgery duration, a parameter that is defined in ad-

vance, than its real duration. Regarding the lists of planned (to
be performed) surgeries, as in sets D and M, it is usual to refer
to the average and expected surgery duration and other general
patient and surgery characteristics. The third type of instances
is the waiting lists, present in sets O and P, which include the
waiting time for surgery, patient characteristics and surgery pri-
ority. Within the collected instances there are more parameters
that represent the preoperative than the postoperative. Even
so, several stages of the surgical process were addressed, as
well as several key features of the surgery planning that could
be applied to different studies.

The compilation contains a total of 23 parameters, being
the most used: surgery characteristics, length of stay,
surgery duration, priority, surgical specialty and waiting
time. Among all parameters, there is a big difference mainly
in the utilization percentage of the surgery characteristics, due
to the fact that this parameter encompasses several information
regarding the surgery like date and hour. The rest of the utiliza-
tion percentages vary between 43% and 7%. Comparing with
the analysis carried out in the literature, it was possible to gather
in the instances the 15 most used parameters mentioned in the
reviewed articles and were collected even more parameters that
allowed to increase the level of versatility of the compilation. On
the other hand, it was intended to collect a higher number of
waiting lists, as they are commonly wanted by researchers to
test their developed methodologies on scheduling waiting surg-
eries, but that was impossible to achieve.

3.3. Publication of benchmark instances
3.3.1 Sharing confirmation

After the completion of the instances, it was important to
confirm again with the corresponding authors that their sharing
could be carried out and some clarifications regarding the data
set and some feedback was also asked. Thus, an email was
sent to the 14 authors, with the developed instances attached,
of which 12 confirmation were obtained. For the remaining two
the email was still forwarded but still unanswered. As future
work its is advised to try again to contact the two correspond-
ing authors, in order to collect their confirmation, since the in-
stances are already prompt to be shared. As a confirmation of
these two has not been received so far, only the 12 data sets
proceeded to the publication of the benchmark instances.

3.3.2 Format of instances

With the 12 data sets, the process of sharing and publishing
the respective benchmark instances continued. For each set, a
folder was created that includes all the instances associated in
CSV files, that can be converted into all other existing formats.

A txt file was also added to each folder, in order to help the
reading of the various instances but also with additional infor-
mation, such as characteristics collected about the hospital in
question and the reference to the article or hospital that pro-
vided the data set, when so is permitted. The purpose of this
file is to facilitate the use of the various instances for entities that
need them. They are all standardized, at the beginning it shows
the number of instances that the data set has and its origin, if
it was obtained through contact with authors or if it was from
one of the mentioned Portuguese hospitals. Afterwards, some
notes are left that can complement the reading of the instances
to which the document refers. Furthermore, if there is additional
information about the hospital from which the data comes, it is
presented in this document as it is general to all of them and
may be essential for their use. The various types of parameters
are: number of surgical specialties, number of ORs, avail-
able block time in hours, number of surgeons, number of
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Table 4: Correspondence between the selected parameters and the data sets where they are presented. The last column shows the percentage of utilization of each
parameter in the 14 data sets.

A B C D E F G I J K M N O P %
Surgery duration X X X X 36%
Planned surgery duration X X X X 21%
Length of stay X X X X X X 43%
Resources utilization X X 14%
Resources capacity X X 14%
Patient characteristics X X X 21%
Surgery characteristics X X X X X X X X X X X 79%
Surgical specialty X X X X 29%
Priority X X X X X 36%
Standard deviation of surgery duration X X X 21%
Mean surgery duration X X X 21%
Expected nº of urgent surgeries X 7%
Block availability X X 14%
Waiting time X X X X 29%
Arrival rate X 7%
Transfer time X 7%
Turnover time X X 14%
Mean nº surgeries X 7%
Expected nº surgeries X 7%
Standard deviation of nº surgeries X 7%
Nº ICU patients X 7%
ICU probability X 7%
Timestamps X X 14%

ICUs, number of wards and number of beds. Finally, instruc-
tions are presented to reading each instance by defining each
parameter that each column contains. If exists similar instances
in each data set, their instructions are gathered and if not, they
are described separately.

The standardization and the attempt to facilitate the reading
and use of the instances is extremely important. It is relevant
to bear in mind that the interpretation of each instance is more
complicated for someone who does not build them but wants to
use it, so the maximum effort was made to clarify all the param-
eters referred to, as well as all the information that was obtained
through contact with the authors. After organizing the instances,
a website was developed for the last stage of the project.

3.3.3 Development of website

To achieve the objectives proposed for the project, a website
was developed with WordPress, to enable the publication of the
various instances created. To the website was given the name
”Operating room planning and scheduling benchmark set”.

The website created has four main pages: Home, Real data,
Generated data and data generators. On the main page (Home)
the developed project is presented, the main objectives to be
achieved with the creation of the platform are enumerated and
the available content and how it was developed is described. In
each of the remaining pages (Real data, Generated data and
Data generators) an explanation is made about their content,
the number of available data sets and a brief explanation on
how they were built. Within each of the pages there are several
tabs and each tab corresponds to a set of instances. Within
each separator, the number and origin of each set is mentioned,
as well as a list of the parameters that contains. To have access
to each set of instances, it is necessary to download the folder
corresponding to each one of them. Finally, at the end of the
website, the scope in which the platform was developed is also
presented and an email address was also provided for contact
in case there are questions regarding the platform or the in-
stances, or to allow the sharing of more data sets.

After developing the website, it was necessary to define the
domain to host it. WordPress itself provides a free domain but
with some restrictions, that hinder the platform’s intended oper-

ation. This prevents the users from downloading folders, mak-
ing it impossible to share the developed folders for each set.
Another disadvantage is the storage space, which is quite lim-
ited. Since Instituto Superior Técnico provides a domain for
each student, giving the possibility to host a website, this option
was taken. Using the domain provided by the university it is pos-
sible to overcome the two major restrictions mentioned above.
However, it was not yet possible to do the transition between the
domains and, for this reason, the website is not yet available.

Choosing a website for the publication of the developed com-
pilation allowed to take the work carried out further, as it is an
open access platform that is easily disseminated. This, due to
the considerable number and the variability of the instances, is
a starting point to fill the gap in the study of the optimization
of OR planning regarding the lack of sharing surgical data and
allowing the test and comparison of various methodologies and
models developed in the field. Upon completion of the platform,
it is essential that it be disclosed to the authors who provided
their data sets, as well as other entities of interest.

4. Conclusions
The objective of this work is to compile data sets organized

in benchmark instances, focused on parameters related to the
OR planning and scheduling. This compilation intends to fill
the small percentage of articles that test their methodologies
after developing them, but also to allow a future comparison
between the methodologies available in the literature. In these,
preference was be given to real surgical data so that the test
and comparison performed can be closer to real cases.

When performing a literature review in the scope of the OR
planning, it is noticeable that it is rare to find available data sets
to be used. So far, there is only one website that compiles sev-
eral instances of generated data and a public drive also with a
list of sets. Additionally, it was possible to know that exists a set
of instances developed with real surgical data but which cannot
be shared, being only used by a group of Dutch researchers.
In the present work, two major barriers were found. The first
concerns the privacy policies applied by hospitals, which hardly
share data sets and when they do so for specific case studies,
they also sign agreements that forbidden their disclosure, which
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is one of the reasons for the unusual discovery of instances in
the literature. The second barrier is associated with the parame-
ters that function as inputs in the methodologies and, therefore,
are the ones that compose the instances. For these, there is no
standard model to be used in the studies, as well as a universal
definition for each one of them.

With the aforementioned barriers and the current state of the
art under consideration, several entities were contacted for data
collection and the parameters of interest were defined. The data
sets collected were standardized and transformed into bench-
mark instances that are intended to be published on an open
access website that was developed.

In the first phase of the present work, 145 authors were con-
tacted via email to provide their data sets, from which 54 re-
sponses were obtained and of those ones only 14 were positive.
Two additional sets were added, one corresponding to each one
of the Portuguese hospitals (CHLN and HESE), with whom a
contact was made to collect their records. The collected data
were analyzed in order to filter those that were within the scope
of the two problems addressed (MSSP and EPSP), which led to
14 remaining sets that were used to formulate the instances.

With the 14 data sets used, it was possible to form 247 in-
stances, of which 225 are constituted by generated data and 22
by real data. Additionally, 5 data generators were also collected,
which despite not representing a complete instance, allow the
generation of new data associated with the parameters that con-
stituted them. The instances created are generally composed
by lists of planned surgeries, lists of performed surgeries and
waiting lists for surgery. Within those lists, was obtained 23 pa-
rameters and the most presents are: surgery characteristics,
length of stay, surgery duration, priority, surgical specialty and
waiting time. Additionally, the set of parameters used was de-
fined and standardized to solve the previously mentioned barrier
and tackle the uncertainty in the reading and use of instances.

Finally, after the development of the instances, they were
edited to a uniform format and a document was developed for
each set with additional information and to aid its reading. Later,
a website was developed in WordPress for the publication of the
created instances, which despite being finished, is not yet pub-
licly accessible since it is not yet possible to host it in the domain
provided by Instituto Superior Técnico.

In the end of carried out work, it is possible to consider that
the objectives have been accomplished. Due to the scarce
sharing of existing data sets in the literature, it was not expected
to reach such a high number of data sets and consequent num-
ber of instances, and this aspect exceeded the expectations.
The instances formed are composed by parameters of interest
and commonly used in the study of the optimization of OR plan-
ning, and the versatile range that was possible to include is a
bonus for the developed compilation.

The existence of benchmark instances does not contribute to
the development of more optimization methodologies or mod-
els, but they allow their testing and comparison, raising the state
of the art. As future work, regarding the developed platform, the
hosting process will be finalized and will be disclosed to entities
of interest. Additionally, more data sets may be collected to form
more instances, mainly focused on real surgical data. In gen-
eral, it will be beneficial to develop more platforms of this kind
to promote cooperation between hospitals and researchers, al-
lowing the progress of the literature as well as its application to
the real world cases.
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