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ABSTRACT

Solar energy is one of the most abundant and widely available renewable energy sources. It can be harnessed using photovoltaic panels on
top of buildings to reduce dependence on the electrical grid and to achieve the status of net-zero energy building. However, the rooftop cov-
erage by solar panels can modify the heat interface between the roof surface and its surrounding environment. This can alter a building’s
energy demand for heating, ventilation, and air conditioning, Such an impact on a building’s energy demand is highly correlated with its roof
structure and climate. In this work, three-dimensional distributed thermal models of the bare and photovoltaic added rooftop ensembles are
developed to simulate the heat gain/loss associated with the roof structure for monthly mean diurnal cycles. This work considers the low-
rise, high-density building style and hot semi-arid climate of Faisalabad, Pakistan to quantify the impact of a rooftop photovoltaic on the
roof-related thermal load of a building. Results depict a 42.58% reduced heat loss from the photovoltaic added roof structure during winter
and a 1.98% increase in heat gain during summer. This reduces the electricity demand for indoor heating during winter and slightly increases
it for indoor cooling during summer. The obtained results prove the significance of this work and provide guidelines to energy policymakers,
the construction industry, and energy consumers. Moreover, this work provides a better understanding of the building’s energy demand for
heating, ventilation, and air conditioning with a rooftop photovoltaic system and its net-zero energy requirements, which are pivotal for
modern construction.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0063044

1. INTRODUCTION
A. Background

electrical energy demand in Pakistan stems from the residential sector."
Thereby, a major source of energy use is in residential/commercial
buildings, which are concentrated in urban landscapes where large-scale

Worldwide, migration from fossil fuels to renewable energy has solar farms cannot be built. Large scale renewable or conventional

picked up pace in the past decade, and it is expected that the global elec-
tricity generation from renewable energy sources will increase by 2.7
times by 2035 as compared to its value in 2010." Among renewable
sources, solar energy is the most widely used source that can generate
electrical power using Photovoltaic (PV) arrays.” The increasing
demand and the good potential of solar and wind based energy genera-
tion in Pakistan suggest that the share of renewable energy in Pakistan
can increase to meet its carbon emission goals. Currently, a total of
15.2% of installed electrical power generation capacity in Pakistan is
made up of solar, wind, and biomass (excluding hydroenergy) with solar
alone having 4938.7 MW (10.98%) of the installed capacity.” However,
around 27% of the electrical energy demand worldwide and 50.5% of

energy plants can be developed in remote locations and electrical energy
can be transmitted and distributed using power lines that are subject to
power losses. As an alternative, distributed small-scale rooftop PV sys-
tems on top of buildings in urban areas can mitigate these losses.”
Furthermore, the rooftop PV systems can reduce dependence on the
electrical grid and assist in achieving the status of Net Zero Energy
Building (NZEB) by matching the building’s net annual energy produc-
tion and demand.””

In urban areas, the high density of buildings, man-made struc-
tures, and emissions from human activities significantly increase the
local maximum and minimum temperatures due to the Urban Heat
Island (UHI) effect.”’” UHI has resulted in a 2.68°C increase in
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Cross domain recommender systems (CDRS) can assist recommendations in a target domain based on
knowledge learned from a source domain. CDRS consists of three building blocks: domain, user-item overlap
scenarios, and recommendation tasks. The objective of this research is to identify the most widely used CDRS
building-block definitions, identify common features between them, classify current research in the frame of
identified definitions, group together research with respect to algorithm types, present existing problems, and
recommend future directions for CDRS research. To achieve this objective, we have conducted a systematic
literature review of 94 shortlisted studies. We classified the selected studies using the tag-based approach and
designed classification grids. Using classification grids, it was found that the category-domain contributed a
maximum of 62%, whereas the time domain contributed at least 3%. User-item overlaps were found to have
equal contribution. Single target domain recommendation task was found at a maximum of 78%, whereas
cross-domain recommendation task had a minor influence at only 10%. MovieLens contributed the most at
22%, whereas Yahoo-music provided 1% between 29 datasets. Factorization-based algorithms contributed a
total of 37%, whereas semantics-based algorithms contributed 6% among seven types of identified algorithm
groups. Finally, future directions were grouped into five categories.

Categories and Subject Descriptors: H.5.5 [Information Systems - information retrieval]: Recommender
Systems

General Terms: Survey, comparison, trend

Additional Key Words and Phrases: Cross domain recommender systems, systematic literature review, cross
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1. INTRODUCTION

Recommender systems are special software programs designed to recommend items to
users based on their observed interest [Ricci et al. 2011]. A user’s interest with respect
to recommended items is stored in the form of interaction, for example, numerical
rating, inside a rating matrix. Therefore, users, items, and the rating matrix create a
recommender systems ecosystem known as a domain.

These days, recommender systems focus on item recommendation to a single domain.
For example, AMAZON recommends items for sale to its interested users; Netflix
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Abstract

Recommender systems face cold start problem at the
time of inception which researchers have addressed by
transferring rating knowledge from auxiliary to target
domain, hence laying the foundation of cross domain
recommender systems (CDRS). Recently social media
has been utilized as a potential auxiliary domain for
recommender systems because they provide interactions
such as likes, read, download, play, click etc., for related
items. Among existing social media, Facebook provides
rich social interactions, broadly grouped as private and
public social interactions. Although research exists on
private Facebook social interactions, Facebook public
social interactions were not explored before. In this paper,
we propose Facebook Direct Social Recommendation
(Facebook DSR) approach which transforms Facebook’s
public interactions related to a social page into rating
matrix and generate recommendations for provided list of
items. Relative ratings obtained from proposed algorithm
and random approach were compared with Movielens
ratings. It was observed that proposed approach
outperformed random approach threefold with respect to
mean absolute error (MAE) evaluation and 19.4 % with
respect to precision evaluation for new user cold start
scenario. Finally, this study highlights future directions.

Keywords: Cross domain recommender —systems,
Facebook, Social interactions, ~System
domain transfer learning, Cold start problem

1 Introduction

Recommender systems are special softwares
designed to recommend items to users based on their
observed interest [1]. User’s interest with respect to
recommended item is stored in form of interaction
inside a rating matrix, these interactions can be either
explicit e.g. numerical rating or implicit e.g. likes,
download etc., as shown in Figure 1. Users, items and
rating matrix together create recommender systems

ecosystem known as domain [2].

ITEMS
ononononon

Figure 1. Recommender systems rating matrix

Nowadays recommender systems focus on item
recommendation to single domain e.g. AMAZON
recommends items for sale to its interested users,
Netflix presents its viewers with a list of media content
etc. Such recommender systems are increasing rapidly
and are found to focus on users having specific interest,
rather than relying on the wisdom of crowd i.e.
covering a broad range of users [3].

Single domain recommender systems face a variety
of problems like cold start, sparsity, new user, items
etc. [1]. Recently cold start problem has been described
as a problem arising in a recommender system due to
insufficient rating inside rating matrix [4]. Although
these problems are being researched under single
domain perspective. CDRS on the other hand, add a
new dimension in solving these problems, by
transferring knowledge available from other domains
known as auxiliary domain to target domain.

In recent years, CDRS is gaining momentum and
researchers have started contributing from diverse
viewpoint especially in attempting to resolve cold start
problem [30]. Researchers first identify common
entities in both domains i.e. users or items and then
transfer knowledge with respect to these entities. When
items are common in both domains, knowledge is
transferred with respect to similar items, for assisting
new user cold start problem, and when users are
common in both domains, knowledge is transferred

*Corresponding Author: Seung Ryul Jeong: E-mail: stjeong@kookmin.ac.kr

DOI: 10.3966/160792642018051903021




