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Abstract. The service interaction provided by objects in IoT networks
enables the creation of advanced services to answer application requests.
However, the growing number of objects into the IoT network, besides
its ad hoc structure, are disturbing some functionalities, such as ser-
vice discovery. Therefore, when searching for services, the navigabil-
ity is impaired because the system needs to sweep a great quantity of
objects without a previous organization. Social Internet of Things (SIoT)
emerged as an alternative to solve several problems faced by IoT through
the concept of social networks. In SIoT each object has its own social pro-
file, which contains its characteristics and information, and are organized
by relationships. Thus, this research propose a solution for service dis-
covery in a SIoT network. This solution uses the relationships between
objects to improve the discovery scalability and considers their social
profiles to meet the requisitions in a more satisfactorily way. Simulated
results demonstrates the solution performance to answer service requisi-
tions in an urban SIoT network.

Keywords: Social Internet of Things - Social network -
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1 Introduction

Urban spaces are each day more crowded, causing a variety of problems related to
the quality of life, such as increased pollution, resource shortage, limited access of
public services, urban mobility and security [14]. Thereby, intelligent solutions
for these problems are always in great demand, which, using technology, are
most likely to solve or mitigate problems caused by urban expansion. A large
amount of these solutions are developed using the concept of smart environments,
defined as a “small world” where different types of smart objects work together
to improve the life of its inhabitants [17]. This concept has fomented many
research areas, for instance, smart cities, smart healthcare, smart grid, that
despite their differences, they have in common the performance of several smart
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objects working together to accomplish many tasks. Increasingly, these objects
acquire the capacity to connect to the internet, whether to perform actions,
gather, send or process data. This capability facilitates collaboration between
objects, thus providing greater functionality for applications [16].

The smart environment scenario is possible through the implementation of
the Internet of Things (IoT) paradigm. IoT is described as the pervasive presence
around us of “things” or objects, which over unique address schemes, are allowed
to interact between them and collaborate to achieve a specific goal [3]. These
objects are the technological devices of our daily life, such as computers, tablets,
smartphones, sensor nodes and so forth. However, the growing number of con-
nected objects is a concern for IoT. According to [9], the number of connected
objects is already larger than the world population and will reach fifty billions
until 2020. This increase directly affects the network management regarding its
scalability, navigability and the heterogeneity of the objects, making it difficult
to perform important paradigm tasks [12].

Service management is also hampered by the increase in the number of
objects. Because an object can provide one or more services, the total num-
ber of services in a network may increase greatly. Such services are abstractions
of functionalities offered by objects, without worrying about the technologies or
protocols. ToT architecture components that handle services, such as discovery
and service composition, suffer directly from these problems. As a solution, a new
paradigm was proposed, which uses the concept of social networks to organize
the objects and their services, called Social Internet of Things (SIoT) [5].

SIoT introduces the use of a social network for the organization of objects,
in which each object has the potential to form “friendships” with others objects
through relationships [4]. From the social network generated it is possible to
manage the scalability and navigability of the network, the heterogeneity of
objects and the transmission of data, as is already done by human social networks
[2]. Although SIoT inherits IoT features, most of them need to be adapted to
handle with this new paradigm, for instance the service discovery, which is a key
feature to attend applications through the discovery of services that can be later
can be compound to perform complex activities. Another challenge is to use the
social profile of objects as useful information, as a way to improve SIoT network
features.

In this paper we propose a service discovery in a SIoT network based on
social profiles (Social Profile Search - SPS). In this discovery we use the social
network’s relationships to improve its navigability and scalability, considering
also the information and characteristics contained into social profiles of objects
to improve the service requisition satisfaction level. To verify the efficiency of the
solution, tests were performed with data from an urban SIoT network, comparing
the results between SPS and conventional literature solutions.

This paper is organized as follows. Section 2 exposes a overview of researches
in SIoT field, including their approaches to service discovery and the social pro-
file. Section3 discuss concepts of SIoT and its service discovery. In Sect.4 is
presented this paper proposal for a service discovery based on social profiles.
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Section 5 discourse about the proposal implementation, describes the tests car-
ried out and presents and discusses the results achieved. At last, Sect. 6 concludes
this paper and discuss future researches.

2 Related Work

Because it is a relatively recent area, most SIoT works focus on conceptual issues
of the paradigm, such as, SIoT definitions, applicability, necessary infrastruc-
tures and proposed architectures. A small number of researches present paradigm
implementations. Nevertheless, some researches focus on the social capacity of
objects, using their characteristics, information and the potential of the interac-
tions to provide solutions for the management of objects and services. The works
that will be presented, also are concerned with the SIoT network functionalities
regarding, explicitly or implicitly, the service discovery.

The SIoTCampus proposed by [1] exemplifies the use of SIoT for the dissem-
ination of academic information among users of a university campus. this work
proposes an exclusive smart objects network in which context information, such
as location, calendar, user, etc., are used as criteria for establishing relationships
between objects. As the social network has dynamic relationships, which can be
modified through the acquisition of information from the owner of the object, it
is possible to propagate information, events and news through the network to a
greater number of users interested on that context.

A possibility proposed by the SIoT is to adopt the objects’ social network as
a tool to ascertain the trustworthiness of an object. The research performed in
[7] attempts to construct a network within a medical environment so that objects
can transmit and receive hospital system data securely, identifying the reliability
level of objects and blocking attacks. Trustworthiness identified through the
creation of a trustworthiness management protocol, which uses the relationships
and information of the objects to determine their trustworthiness level. In [18]
also is proposed a model that verifies the trustworthiness of objects in SIoT,
being based on the collective work of objects that provide computational and
storage operations. In this model, tasks are sent to objects and serving them,
a reward is given to objects, thus helping to create relationships and establish
trustworthiness between objects that cooperate frequently with each other.

The research developed in [15] presents a solution for the implementation
of a SIoT architecture service discovery. Using the relationships built by the
social network’s objects it is possible to create a discovery method that with a
small number of hops in a network implemented as graph, find objects which
provide the required services. This is accomplished using two properties: the
first is intrinsic to the social network, based on object friendships; the second is
external to the social network, based on the similarity between the object and
the request.

In [8] is proposed the creation of a method for service composition in SIoT
using the relationships formed by the objects in the social network. The method
encapsulates heterogeneous objects as web. Using the RESTful style, applica-
tions may require homogeneous access to objects, allowing collaboration between
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them to compose more robust processes services. Composition is possible through
the modeling of relationships between services over the social network, classi-
fying relationships in three dimensions: location, type and correlation. When
requesting a complex process, which needs to be composed of several services,
the component performs a search throughout the social network using its three
relationships to find the candidate services. These candidates are then evalu-
ated and the best ones are compound into the required process. The work also
proposes a service discovery algorithm used to find object services using the
breadth-first search for graphs.

Through the works exposed in this section it is possible to notice that there
are researches concerned with addressing the social capacity of objects, using
its characteristics, information and the potential of their interactions to provide
solutions for SIoT applications, especially within the context of smart environ-
ment. Likewise, there is a growing concern about creating SIoT functionalities
that fit the use of social network, being the service discovery one of them. There-
fore, this work presents the proposal of a SIoT service discovery method based
on the information and characteristics, from social profiles of objects, to improve
its efficiency. Differing from other solutions by restricting the need to sweep the
entire network to find the appropriate services required.

3 SIoT Service Discovery

Social Internet of Things (SIoT) is a paradigm derived from the IoT that pro-
poses the use of social networks in conjunction with the well-established IoT
infrastructure. The use of the concept of social networks in IoT can lead to great
advantages, such as: (i) SIoT structure can be shaped to ensure the navigabil-
ity of the network, allowing efficient discovery of services and objects; (ii) the
trustworthiness of objects can be determined by analyzing the interaction with
their “friend” objects and models used to study social networks can be easily
applied to address problems related to IoT [5]. The formalized concept of SIoT
determines it as a social network where each node is a smart object capable
of establishing relationships, autonomously, with other objects, following rules
established by its owners [10].

A relationship in SIoT is the representation of a bond that objects can have in
the real world, being this representation used for the construction of the social
network through the formation of friend objects that are linked by relation-
ships. The researches in SIoT establish five types of relationships that can exist
between the objects [4,5,10]: (i) Parental: established between objects belonging
to the same production batch, are usually homogeneous objects, originated in the
same period and by the same manufacturer; (ii) Co-location: established between
objects that are always used in the same place, in the case of sensors, actuators
and objects of augmented reality are considered objects in the same environ-
ment as a house or smart city; (iii) Co-work: established when objects cooperate
to provide certain functionality; (iv) Ownership: established between heteroge-
neous or homogeneous objects that belong to the same user; and (v) Social:
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established when objects come in contact, continuous or sporadic, because their
owners came in contact during some period of their lives.

SIoT objects are organized through a social network of objects, used in several
processes of the paradigm, such as service composition and discovery. The social
network is composed of representations of the physical existence of objects in
the network, called social profiles. Each profile, contains attributes related to the
object it represents, such as its identification, the friends formed by its relation-
ships with other objects, the services it offers, its characteristics and information
[11]. Characteristics of an object are the data inherent to its constitution and are
generally immutable, for example its manufacturer, production batch, number
of processing cores and primary and secondary memory, among others. While,
the information of an object is data on the object that are constantly changing,
such as storage capacity, battery status, object trustworthiness, security settings,
among others [13].

The service discovery generally used in the literature, such as Chen et al. [§],
uses only the relationships to search the network for objects that have services
that satisfy the requests. Due to the peculiarity of such relationships, the search
results may be different for the same objects. Figure 1 presents an example of
how different relationships affect the discovery in SIoT networks. Each social
profile is represented by a node and each edge identifies a relation of friendship
between objects. The relationships Ownership and Co-work (Figs. 1(a) and (b),
respectively) are used as examples. When a request is sent to the discovery
component, it identifies the object that requested the service (requester) and
makes it the initial search object. This is possible because any requester is an
object that is part of the social network. In both figures, the requester is the
object D. From the requester, the discovery method seeks to know if the services
it offers meet the request. Each color represents the set of objects accessed at
each search level. In the Fig. 1(a), from D, your friends, which are the objects
B, C, D and G, are searched. Search continues on friends of previous objects
(A, F, H, I, L and O), thus continuing until the discovery has covered all the
objects in the network. Same process occur in Fig. 1(b), where the discovery is
performed using a different relationship. In this case, it is possible to visualize
that the result will be different, since there is no Co-work relationship between
objects (N, M, I) and the rest of the network.

o c—f—J N o—C F—J N
N 2 O <./ B \
— E (H | A E - H I

(a) Ownership Relationship (b) Co-work Relationship

Fig. 1. Graphs representing SIoT network relationships. (Color figure online)
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In both cases, the service discovery is performed by the breadth-first search
for graphs, which checks all objects in the social network to find the services that
best serve the request. This approach returns all the services that can fulfill the
request, including several services that perform the same activities or do not meet
the requirements of other SIoT network functionalities. Therefore, an additional
step to filter services is required. Such step may compromise the performance of
the application performing the request.

4 Social Profile Search - SPS

The SPS discovery method proposed in this work uses the characteristics and
information contained in the social profiles of the objects as additional compar-
ison criteria to verify if the services of an object, and itself, meet the request
requirements. The SPS also introduces a new stopping condition for the breadth-
first search, once all requested services are found, regardless of the number of
objects visited, the search is interrupted. In addition, as in the breadth-first
search, the SPS also ends its execution when all objects in the network have
already been searched. Thus, the method ensures that a satisfying response to
the request can be found in less time, balancing the quality of the services found
and the search time, however leaving open the possibility of the worst case sce-
nario, that happens when it is not possible to find in the network all the services
to fulfill such request.

Figure 2 presents the request message that is received by the SPS, which is
formed by three attributes: (i) Requester object (RO), containing the identifi-
cation of the object that requested the search; (ii) Service List (SL), containing
the required services that will be searched by SPS; and (iii) Requirements List
(RL), containing requirements that will be verified and must be met by the
characteristics and information of the objects, for instance, type of transmission
technology, amount of memory, trustworthiness of the object, among others.

RO SL RL

Fig. 2. Service discovery request and their attributes.

In Fig. 3 the SPS process is illustrated in a network with seven objects that
receives a service discovery request. As any object that requires a service dis-
covery is also part of the social network of objects, the SPS uses the requester
social profile in the network as the initial object of the search. With the other
attributes of the request, the SPS begins to verify if the friends of object A have
the requested services (Fig. 3(b)). The initial object A is marked as not selected,
because it either does not have the services sought or does not meet all imposed
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requirements, even if it has the required service. When checking the objects B
and D, SPS realizes that the two have required services and that they meet all
the requirements, so their identifications are added to a list with the possible
result. As all required services were not found the search is expanded to the
objects F and C (Fig.3(c)), that having the missing services and meeting the
requirements, complete the execution of the search.

REQ EQ
— —
| |
Result: Result:
Il ° [B, D]
(a) Request sent to discovery. (b) Service discovery start.

.Selected
Result:
[B,D, C, F] ONot Selected
O Not visited

(¢) Fully attended request.

Fig. 3. Operation of the SPS method.

As an example we can consider an object that belongs to a SIoT network. In
this network, the objects have as one of its characteristic, the types of wireless
connections them can perform, such as bluetooth, 3G, GSM and Wi-Fi, being
allowed to have any combination of these four connections. This object has
only the ability to connect over Wi-Fi, while the discovery request calls for
object services that can communicate over Wi-Fi and 3G, even if this object
has a service that meets the request, it will not be considered since it does not
meet the minimum discovery requirements. This type of approach facilitates the
manipulation of the discovery results for other SIoT network functionalities, like
the composition of services, since it guarantees that the services found do not
have to undergo a new requirement check evaluation.

Algorithm 1 describes the SPS service discovery method considering the pro-
files of objects. The request is treated as three separate blocks, (i) required service
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list (required_service_list) which represents the list containing the services must
be found; (ii) requirement list (requirement_list) which contains all the minimum
requirements that objects must attend; and requester (iii) (requester) which will
be used as the starting point of the SIoT network discovery. In addition to the
request, the algorithm also receives as input the social network (social_network),
containing all social profiles of objects in the network.

Algorithm 1. Service Discovery Based on Social Profiles (SPS)

Input: required_service_list, requirement_list, requester, social_network
Output: service_list

Require: requester must be an object belonging to the social network

1: search_list.add(social_network.retrieve(requester))

2: while search_list is not empty do

3:  head <« search_list.removeHead()

4:  if required_service_list was met then

5: break

6: else

T if head.visualized = true then

8: continue

9: else if head met required_service_list and head met requirement_list then
10: service_list.add(head.services())
11: end if
12:  end if
13:  head.visualized « true
14:  search_list.add(social_network.retrieveFriends(head))

15: end while
16: return service_list

Initially, the SPS adds the social profile of the requesting object to search_list
and then initiates the loop by searching services over the entire network until
the required_service_list has been completely met or search_list is empty. For
each object removed from the list search_list, and added to head, is verified that
the social profile has already been searched (line 7). If so, the next object is
checked. If not, it is checked whether one or more of head correspond to the
services required in required_service_list and if that object meets the minimum
requirements established in requirement_list (line 9). Services that meet both
conditions are added to service_list (line 10). The SPS then marks the social
profile contained in head as already seen and add its friends to search_list (line
14), starting the process again. When the algorithm finishes its execution by
one of the two stopping conditions, the found services are delivered as request
response. The end result of the SPS allows three different states, (i) find no
service that meets the request, (ii) find only some services, thus partially meeting
the request, or (iii) find all services in order to meet the request.
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5 Test Environment and Evaluation

The SPS method was implemented in Python and tested using the dataset of
an urban SIoT network provided by [6]. which was created in the context of
the SmartSantander project and executed in the cities of Belgrade, Guildford,
Liibeck and Santander, however, the only available dataset is the one from the
city of Santander.

The dataset consists of 16216 devices (objects of the social network) of vari-
ous technologies. It provides information about social network relationships and
the services that each object offers. The services are represented by numbers
that indicate some service that the object can provide, and each object can
have up to eight different types of services out of a total of sixteen. Because the
dataset does not work with the services being unique entities, with their own
identification, the SPS was implemented with a minor change, that instead of
returning the services encountered, the objects that provide them are returned.
The dataset presents object relationships through matrices with Boolean values,
that represent the existence, or otherwise, of a friendship between objects. The
ownership relationship was used to carry out the tests of this work. Figure4
illustrates the organization of a relationship matrix where the number one iden-
tifies a friendship between two objects. For example, objects (A, C) and (E, F)
are friends because the intersection of their columns and rows have one as value.

Objects

A B C D E F
A—oo@oo@
Blo o o (1) o o
ﬁc@o o o () o
§olo(@o 0o 0 o
Eoo@oo@
FIA) o o @ o]

Fig. 4. Dataset relationship matrix.

To verify the efficiency of the SPS, two metrics were used: search time and
solution scalability. The search time is the time that the algorithm takes to
respond to the request, being calculated from the moment that the algorithm
begins to consult the social network to find services until the moment the list of
found objects is returned. Scalability evaluates the behavior of the solution as
the number of objects in the network increases. The tests were carried out on a
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machine with a 17-8750H hexa-core of 2666 MHz processor and 16 GB of DDR4
RAM memory.

The SPS was compared with the algorithm proposed by Chen et al. [8], that
uses the breadth-first search method. To test the search time, a file was created
containing all the requests that were made during the tests. The use of the
file guarantees that the requests realized in the method SPS were identical to
those realized in Chen. Each line of the file represents a request, containing the
following information: the requesting object, the services to be found and the
requirements that will be used by the search. This latter information is only used
by the SPS method.

Each attribute of the request was generated randomly obeying certain mini-
mum and maximum values. The requesting object is necessarily an object belong-
ing to the network. The desired services are generated from a list of sixteen pos-
sible dataset services. Of those, four are chosen to form the desired services of
each request, in way that an already chosen service can not be chosen again. To
generate the requirements, it was necessary to first create the social profiles for
the dataset objects, defining what characteristics and information would be asso-
ciated with the profile and would become its attributes, these, can be observed
in the Table 1. The next step was to fill in the attributes contained in the social
profiles, following the allowed values in the Table 1. Finally, the requirements
were generated and added to the request, which are based on the social profiles
attributes. Random initial values were used for each requirement, respecting cer-
tain limits imposed in Table 1. In total, 2380 requisitions were created for the
tests.

Table 1. Social profiles attributes and requisition requirements.

Attributes Minimum value | Maximum value
Primary memory | 256 MB 4 GB
Secondary memory | 0 MB 512000 MB
Processing cores 1 8

Connectivity 1 5

Storage capacity | 15% 75%

Battery status 10% 100%
Trustworthiness 45 95

The scalability test should check how the solution behaves by increasing the
number of network objects. To accomplish this, it was necessary to divide the
network into several samplings representing networks of varying sizes, consist-
ing of five hundred, a thousand, two thousand, four thousand, twelve thousand
and sixteen thousand objects. These samplings must obey the probability dis-
tribution of the object types present in the initial dataset. Table 2 displays the
percentages for each type of device.
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Table 2. Distribution of device types in dataset.

Device type Percentage
Smartphone 22.45%
Personal computer 20.72%
Car 13.57%
Printer 13.07%
Tablet 9.87%
Smart fitness 5.43%
Parking 4.17%
Home sensors 3.70%
Street light 3.12%
Smartwatch 1.23%
Transportation 0.88%
Environment and weather sensors | 0.86%
Point of interest 0.58%
Alarms 0.23%
Indicator 0.06%
Garbage truck 0.04%

Once it was guaranteed that the samplings had the same distribution as the
original dataset, it was necessary to deal with another problem caused by the
samplings. The randomness choice of objects makes it difficult for objects having
relationships to be chosen together, especially for small-sized samplings. This
situation impairs the navigability and makes it difficult to perform the search,
since it is possible that there are several objects or groups of them isolated in
the network. As a solution, it was necessary to manually add new relationships,
so that all social profiles have at least one relationship with another object of
the same sampling, thus guaranteeing the navigability of the network.

5.1 Results

Ten executions were performed for each network sampling using the SPS and
Chen algorithms. For each test the median search time of the 2380 requisitions
was calculated, the median was used as a way to prevent outliers from impacting
the results. Then, the mean of all the test medians of a sampling were calculated.
The Table 3 displays the median of the search time, in seconds, of each sampling.
Analyzing the values, it is possible to notice that the SPS algorithm can respond
to the requests of all the samplings at a time significantly lower than the algo-
rithm of Chen. This behavior can be seen mainly in sampling 4000 and 8000,
where the SPS search time is less 93.98% and 94.32% than Chen, respectively.
Some surprises were observed during the comparison of the search times
between the algorithms, being this comparison shown in Fig. 5. Among the 500
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Table 3. Search time median, in seconds, for each request in the test samplings.

Samplings (n°of objects) | Chen (s) | SPS (s)
500 0,02594487 | 0,01072197
1000 0,10345836 | 0,01405903
2000 0,38549267 | 0,03829563
4000 1,37108796 | 0,08257948
8000 4,28259313 | 0,2434388
12000 0,56687746 | 0,00898465
16000 0,00587981 | 0,00399698

to 8000 samplings it is possible to notice that there is a growth in the average
time needed for a request to be answered, and this behavior is already expected
with the increase of objects in the social network. However, in the 12000 and
16000 samplings we have a totally reverse effect with an abrupt decrease in
search time. For example, in the 12000 sampling, the Chen algorithm has a time
reduction at the rate of 86.76%, while the SPS has a time reduction of 96.30%.

Chen et al.
45 SPS

) N

25 | yd AN

y
15 L o AN

Search Time (s)

025 >

0.15
0.1
0.05 L

5001000 2000 4000 8000 12000 16000
Samplings

Fig. 5. Comparative graph of search time behavior in algorithms Chen et al. and SPS.

One of the possibilities for this behavior is that adding new objects has
created a much more connected network, making it easier for the algorithms
to reach objects that previously had few relationships and were more isolated.
Another possibility is the randomness used to create relationships and to choose
objects from the network have made its operation more complex. A great indi-
cation would be the fact that most of the changes made in the network were
made in the smaller samplings, from 500 to 8000, while few changes were made
at 12000 and even less at 16000. This being the case, these results can be a clear
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testimony to the efficiency of SIoT solutions, because the smaller the change in
the original network, provided by [6], the better its efficiency.

When comparing the algorithms’ execution through the analysis of Fig.5 it
is easy to see how the SPS can keep the search time much lower than the algo-
rithm Chen et al., being generally 94.03% faster and taking no more than 0.25s,
on average, to respond to a request. Another important aspect to be observed
and analyzed is the algorithms’ behavior regarding the network scalability. Obvi-
ously 16000 objects are still a very small number to test the scalability of these
algorithms in a network that today already bears billions of objects. However,
indications that the SPS algorithm is scalable can be observed through the con-
trolled search time increase in relation to the expansion of the number of objects
in the network and also of the expressive fall of it in larger samplings.

In contrast to SPS, Chen et al. has a search time increase well accented
until the sampling 8000, where it then decrease to values very close to those of
the SPS. Although there is a suggestion that Chen et al. is not scalable, the
observed results show that it is necessary to verify this algorithm’s behavior
with an even larger number of objects per sampling to have a final verdict.
However, it is possible to affirm that the solution proposed in this work through
the SPS algorithm was more scalable than the method proposed by Chen et al.
[8]. Other key information indicated by the tests presented in Fig. 5 is the need
to verify how the organization of social profiles and their relationships affect
service discovery algorithms in a SIoT network.

The Table4 displays the average of objects returned in the search in each
sampling. It is possible to observe that the number of objects returned by Chen
is much larger than that of SPS (on average 99.09% more objects). Although
Chen’s method can always find the best services for each request, an additional
step is still required to choose which objects, among those found, will be used to
satisfy the requisition, which can impact the performance of the application that
is performing such request. In SPS, this additional step is not required, since the
method returns, as soon as it finds, the necessary objects to completely satisfy
the request. Thus, in addition to a faster search time, the SPS shows that it can

Table 4. Average number of objects returned per request.

Sampling (n°® of objects) | Chen | SPS
500 344

1000 679

2000 1340

4000 2459 |17
8000 3502 | 37
12000 3789 |42
16000 4102 | 39
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more satisfactorily fulfill service discovery requests by taking into account the
network social profiles of objects.

6 Conclusion

This work proposed a solution for a more efficient service discovery in a SloT
network, using the characteristics and information contained in the object social
profile to attend the discovery requests more satisfactorily. For this purpose
a service search method, called SPS, was proposed from the modification of
a breadth-first search for graphs. The SPS adds a new stopping condition to
improve discovery efficiency and inserts the use of the characteristics and infor-
mation of the object social profile to verify the quality of the found services.

Simulated tests using the dataset of an urban SIoT network verified that
the SPS algorithm performs a service search, 94.03% on average, faster than
the method proposed in the literature. Similarly, the results of these tests also
indicate a good adaptability of the SPS to deal not only with the increase in the
number of objects in the network, but also with the complexity of its organiza-
tion. The tests also indicated that there is a need to study how the relationships
between objects are being formed in the social network, being one of the points
that can lead to improvements in the efficiency and effectiveness of service dis-
covery algorithms in SIoT.

As future works, new tests will be performed to determine the behavior of
the SPS with more varied requests, containing a greater number of services
required and also a greater variation of the characteristics presented. Another
test that should be essentially performed is the verification of the behavior of
service discovery algorithms when dealing with the different types of possible
relationships in a SIoT network, identifying if there is a specific search order
among these relationships that benefits the service discovery. In addition to the
tests it is possible to focus efforts on the construction of other functionalities
of the SIoT network that depend directly on the service discovery, as methods
of social network management and service composition. Other future work can
be done by identifying other service discovery strategies used in the Internet
of Things and verifying the possibility of adapting them to the SIoT discovery,
including methods based on artificial intelligence.
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