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Social Internet of Things (SIoT) combines social interactions with Internet of
Things technology to create intelligent and integrated environments. In this
network, people establish friendships with each other and various objects are
owned by these people, and the purpose of this network is for people to use the
services provided by objects owned by others. With the expansion of the size of
the Internet of Social Objects network and the increase in the number of people,
the importance of providing personalized services tailored to people's interests
becomes more and more evident. In this article, firstly, the real data set of the city
of Santander has been examined in terms of the number of people, the distribution
of the degree of friendship and its type of distribution, and an adaptive
consonance filter algorithm based on friendship communities (A-CFA-FC) is
proposed, which takes into account Friendship relationships and preferences of
individuals can distinguish friendship communities based on the similarity index.
Then, this algorithm can rank and suggest services according to people’s interests
in the Internet of Social Things environment. The results of the implementation
of this algorithm on the data of the city of Santander show that the proposed
algorithm can detect friendship communities by using the Jaccard similarity index
with a lower time complexity value, compactness value and more communities,
this proposed algorithm has been able to compare with the refiner algorithm. Base
consonance improves the root mean square error by about 17% and the F1 score
by about 21%.
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1) INTRODUCTION

The Social Internet of Things (SIoT), is a network where users and devices are interconnected through social
bonds, forming a complex web of interactions. Each device in the SIoT environment can offer services that
may be accessed by other users, but the system must decide which services to recommend to which users
based on shared connections and social interactions. The difficulty arises from the fact that as more users and
devices join the network, the space of possible connections and interactions expands exponentially. Without
a sophisticated recommendation system, it becomes increasingly difficult to provide relevant, personalized
service suggestions to users. The challenge is twofold: 1. Personalized Service Recommendation: How to
recommend services to users based on their preferences and social connections (friendships). 2. Scalability:
Handling the large scale of social networks while maintaining low time complexity. The first challenge is
how to provide tailored service recommendations for each user based on their personal interests and social
connections. In a SIoT environment, users are connected not just to devices but also to the people behind
these devices. Their service needs can be influenced by the preferences of those they are connected to in the
network. Therefore, an algorithm needs to intelligently analyse both users' individual behaviours and their
friendship communities to deliver more personalized service suggestions. This involves leveraging
information about shared friends, preferences, and usage patterns to recommend relevant services. The
second challenge is to handle the scalability of such a large network, as the number of users and connected
devices grows exponentially. In any real-world SloT deployment, the sheer volume of interactions and
connections makes it difficult to compute personalized recommendations in real-time without overwhelming
the system’s computational resources. Therefore, the solution should be designed to maintain low time
complexity, ensuring that it can scale to larger networks while efficiently processing user data and generating
recommendations. The adaptive nature of the algorithm must allow it to dynamically adjust to changing
network conditions and user preferences, ensuring scalability even as the network grows in size and
complexity.

2) Solution Method

The proposed solution is an adaptive-collaborative filtering algorithm (A-CFA-FC). This algorithm
leverages the Jaccard similarity index to identify friendship communities and recommend services. It
considers both the social relations between individuals and their preferences, allowing the system to
personalize recommendations effectively. The Jaccard similarity index is commonly used to measure
the similarity between two sets, often in network analysis and collaborative filtering. In the context of
the Social Internet of Things (SloT), it is employed to quantify how similar two users are based on their
shared social connections or preferences. However, whether the Jaccard similarity index can identify
friendship communities effectively depends on how the “communities” are defined. It is not inherently
designed to discover or identify communities directly, but it can contribute to the process by clustering
users with high pairwise similarities. Communities are typically detected by clustering algorithms that
group users into communities based on the similarity values we used. Firstly, The algorithm groups
users into friendship communities based on their social interactions and service preferences. The Jaccard
similarity index is used to measure how similar two users are based on their shared friends and
preferences. The service recommendation is personalized, considering the user’s interests and the
preferences of individuals within their friendship community.

To prove the algorithm’s capability to solve the problem, we need to rigorously formalize the key
elements involved:

The Jaccard similarity between two users u and v is defined as Equation 1. Where: I'(u) represents
the set of friends of user u. I'(v) represents the set of friends (neighbors) of user v.

The algorithm constructs friendship communities by grouping users whose similarity exceeds a
predefined threshold z. Formally, for a user u, the friendship community FC, is as formula 2. Where P
is the set of all users in the network. Users in FC, are those most likely to share similar service
preferences with u.

The algorithm recommends services by analysing the preferences of users in the friendship
community. Let service,, be the set of services used by user u, and the recommended service s for user
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u is based on formula 3. The frequency of services across the community is calculated, and the top-
ranked services are recommended.

The algorithm is designed to be efficient. The complexity of computing the Jaccard similarity
between all pairs of users is O(E), where E is the number of edges in the friendship graph. The
complexity of ranking services within the friendship community depends on the size of the community,
typically O(|FC,|log|FC,]).

The experimental results in the paper demonstrate that the proposed A-CFA-FC algorithm
improves the root mean square error (RMSE) by 17% and the F1 score by 21% when compared to a
base algorithm. The results strongly support the research objectives of improving personalized service
recommendations and community detection in the SloT environment. By enhancing the accuracy,
precision, and scalability of the recommendation system, the A-CFA-FC algorithm offers a practical
solution for the growing demands of smart cities and 10T ecosystems, where user satisfaction and service
efficiency are paramount. Future research could build on these findings by exploring the application of
the A-CFA-FC algorithm in other domains or integrating additional machine learning techniques to
further optimize service recommendation in complex, dynamic networks.

3) Equations
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4) Conclusion

The results of this study provide compelling evidence that the A-CFA-FC algorithm using the Jaccard
similarity metric is significantly more effective in addressing the challenges of community detection
and personalized service recommendations within the Social Internet of Things (SIoT) environment.
The algorithm's ability to identify communities based on shared social connections and preferences
contributes to its superior performance in recommending services that are highly relevant to users'
interests. By leveraging the Jaccard index, the algorithm ensures a more precise calculation of similarity
between users, especially when identifying close-knit communities where users share many common
connections. This fine-tuned approach allows for the creation of smaller, more relevant clusters, which
in turn leads to highly personalized service suggestions. Moreover, the results demonstrate that the A-
CFA-FC algorithm achieves higher precision and accuracy than traditional collaborative filtering
methods, as shown by the improvements in Root Mean Square Error (RMSE) and F1 scores.
Specifically, the reduction in RMSE by 17% and the 21% improvement in the F1 score confirm that the
algorithm can more accurately predict users' preferences and deliver recommendations that better match
their needs. This improvement is critical in SloT environments, where the sheer volume of users,
devices, and services necessitates an efficient and scalable recommendation system.

5) Community Detection
The following results are presented for the number of communities identified using different similarity
metrics and thresholds:

Table 1. Community Detection

A-CFA-FC (Adamic-Adar) Adamic-Adar 0.25 7

A-CFA-FC (Adamic-Adar) Adamic-Adar 0.5 11
A-CFA-FC (Jaccard) Jaccard 0.25 48
A-CFA-FC (Jaccard) Jaccard 0.5 254

Analysis: Jaccard index detects far more communities compared to the Adamic-Adar index at both
threshold values. This shows that the Jaccard similarity metric is more sensitive to friendship relations
and forms more communities, which can provide a finer granularity in service recommendations. The
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difference between the number of communities suggests that Jaccard is more effective in forming
clusters based on similarity, which aligns with the goal of providing more personalized
recommendations by grouping users more finely based on shared preferences.

5-1) RMSE, Precision, Recall, and F1 Score
The table shows the RMSE, precision, recall, and F1 scores for the basic collaborative filtering algorithm
(CFA) and the A-CFA-FC algorithm using both similarity metrics:

Table 2. RMSE

Algorithm Thresholdtz RMSE Precision Recall F1 Score
Basic-CFA - 0.78 0.50 0.30 0.37
A-CFA-FC (Adamic-Adar) 0.25 0.69 0.61 0.41 0.49
A-CFA-FC (Adamic-Adar) 0.5 0.67 0.63 0.43 0.51
A-CFA-FC (Jaccard) 0.25 0.61 0.68 0.52 0.58
A-CFA-FC (Jaccard) 0.5 0.53 0.73 0.61 0.66

Analysis: Jaccard consistently shows lower RMSE values compared to Adamic-Adar at both thresholds,
with the lowest RMSE of 0.53 at 7 = 0.5. The A-CFA-FC algorithm outperforms the Basic-CFA
algorithm, with a 17% reduction in RMSE, indicating that the proposed algorithm provides more
accurate predictions of user preferences and service recommendations. The lower RMSE values for
Jaccard, especially at higher thresholds, demonstrate its superiority in accuracy, aligning with the
research objective of improving recommendation quality.

Jaccard similarity metric yields the highest precision, recall, and F1 score, especially at a higher
threshold of T = 0.5 (F1 score of 0.66). The Basic-CFA algorithm performs the worst in terms of all
metrics, confirming that the A-CFA-FC algorithm is more effective in the service recommendations.
The improvement in F1 score by 21% for Jaccard at T = 0.5 over Basic-CFA aligns directly with the
research objectives, proving that the adaptive filtering based on friendship communities and similarity
indices indeed enhances service recommendation quality.
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recommended_services(u) = Top services based on frequency(a,) (Yw)
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1. Define function collaborative_filtering (e,,, Person_Communication, Device_Description, Device_Profile, Service_Table, G, 1):

2. Initialize an empty dictionary service_preferences

Retrieve the list of Connected,, to the given a,, from Person_Communication

Calculate the similarity Sim(u, v) of each a,, in list Connected,, with person a,,

3

4

5. If the similarity Sim(u, v) is greater than the T value:
6 Add person a,, to Friendship Community(u)

6

For each person a,, in the list of Friendship Community (u, v):

7. Get the y of the Community's person from Device_Description

8. If ¥ is not found, continue to next person in Community

9. Get the service_preferences of the Community's person from Device_Profile

10. Get the device IDs of the Community's person's devices from Device_Description

11. If lengths of service_preferences and device IDs don't match, continue to next person in Community
12. Update the service preferences dictionary:

13. For each ay, a pair:

14. If a; is not null:

15. Add a to the list of device IDs associated with ag in service_preferences

16. Sort the service_preferences dictionary by frequency in descending order
17.  Get the top recommended services and their associated device 1Ds
18.  Return the top recommended services to a,,
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L. Number of relevant recommendations
Precision = (Y4)
Total number of recommendations
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