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Today, the decision-making process during the search and selection of large amounts
of spatial and non-spatial information is a time-consuming and costly task. In this
condition, "recommender" systems are used to provide the most appropriate in the large
amounts of data available in the shortest time while having similarity with the needs of
users. At present, there are several 19 Covid vaccination centers throughout Tehran,
each of which operates with its various and unique services. The purpose of this study
is to design a recommending system to suggest the best vaccination center of Covid 19
in District 6 of Tehran Municipality in 1400. In the proposed recommender system,
centers of vaccination service providers are first divided into clusters with spatial
characteristics using a self-organizing mapping clustering algorithm and in the second
step, users' preferences are inferred by using fuzzy method type-2. Finally, by
combining the outputs obtained from the previous two steps, the appropriate
vaccination center is extracted according to the user's preference. The results were
evaluated using three evaluation parameters of accuracy 0.70, sensitivity 0.84 and F1
score 0.76 These results showed that the second type fuzzy inference system is a
suitable method for modeling a personalized recommender system.
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Extended Abstract

Extended Abstract
Introduction

Covid 19, also known as coronavirus, is an infectious disease caused by the SARS-CoV-2 virus. Anyone can get Covid
19 at any age and become seriously ill or even die. In the meantime, vaccines have saved millions of lives. Covid
vaccines are effective for most people 18 years of age and older with autoimmune disorders or underlying diseases. The
recommender systems are an intelligent complement to the retrieval of information and refining concepts by analyzing
user behaviors and one of the main tools in overcoming the problem of information redundancy. Therefore, in the
process of vaccination centers recommending, uncertainty in preferences can be modeled and personalized
recommendations can be performed. Therefore, by using the information of users' preferences and properties of
vaccination centers based on knowledge-based recommender systems, appropriate arguments can be made about which
centers are suitable for users.

Data and Method

The current study uses the self-organized mapping clustering method to cluster vaccination centers and the fuzzy logic
type-2 method to model users' preferences and reduce uncertainty. Self-organized mapping (SOM) is a biological neural
network based on unsupervised learning that displays the samples being trained in a low-dimensional space. The
network uses a neighborhood function to maintain the topological properties of the input space. The topology actually
determines the shape of the proximity of neurons in the SOM plane, which can be square, hexagonal, triangular. We
used that to cluster vaccination centers with similar characteristics. The fuzzy type-2 set -which is an extension of the
type-1- can be more resistant to the uncertainties in fuzzy rules. This method, proposed by Prof. Zadeh in 1975, can
reduce further uncertainty through fuzzy membership degrees. In other words, the fuzzy type-2 set, unlike the fuzzy
type-1, uses an interval instead of a number to determine membership degrees. The main feature is Footprint of
uncertainty, which is defined by two upper and lower boundaries under the names of the Upper membership function
and the Lower membership function.

A fuzzy type-2 set consists of five basic stages: the fuzzification, the rule base, the inference engine, the type reducer,
and the fuzzification. This system generates a fuzzy output for each crisp input based on the rule base and inference
engine. Then this value enters the output-process section and the fuzzy type-2 set is converted to a fuzzy type-1 set by
“Type reducer”. In the last step, the reduced set uses the defuzzification process to produce crisp output.

Results and Discussion

From the combination of outputs obtained from users' preferences in the fuzzy system type-2 and clustering of
vaccination centers by SOM method, optimal vaccination centers were extracted for recommendation. Determining
users' preferences leads to determining a set of locations with unique attributes, which makes the decision-making
process easier and faster. Therefore, users will be able to see the position of the appropriate center by setting preferences
and selecting the "display button" on the user interface. To evaluate the system, we asked 50 users to examine the
system by selecting different preferences in different iterations. Therefore, 200 predictions were made in the system,
which 125 were correct predictions, 52 were incorrect, and 23 were not predicted. As a result, the accuracy, sensitivity,
and F1 scores indicators were 0.70, 0.84, and 0.76 respectively, which indicates the acceptable performance in
identifying and recommending centers

Conclusion

knowledge-based recommendation systems seek to increase the active participation of users to gain more knowledge of
the priorities in the decision-making and problem-solving process. The expansion of the use of recommender systems
in spatial and non-spatial domains has led us to design a recommender system in the field of the Covid 19 epidemic,
specifically recommending vaccination centers to vaccinated users. To achieve this goal, vaccination centers with
spatial and non-spatial characteristics were clustered by the SOM method. In the next step, by using the fuzzy method
of type 2, users' preferences were obtained to select the appropriate vaccination center. Finally, by combining these two
parts, the appropriate cluster was identified for the input users and the appropriate location was recommended.
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