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Abstract 

 
Energy management through Building Automation and BMS has completely revolutionized the 
dimensions of how energy is being utilized and conserved in residential apartments, office spaces, 
retail stores, and industries. This includes integrating different state-of-the-art technologies 
within BMS, like IoT, Artificial Intelligence, and Process Automation, to optimize energy use with 
better sustainability and efficiency in operation. Some key elements in BMS include HVAC, 
lighting control, water management, and energy monitoring that provide real-time energy 
assessment and allow for effective forecasting. Other functions of the system include green 
building concepts like emission reduction, the promotion of renewable energy integration, and 
HVAC emission control. While ensuring energy efficiency with smart tools, sensors, and predictive 
analytics, BMS gives assurance over heavy cost saving by channelizing resources on deployment 
effectively. This paper analyzes the impact of BMS related to energy management, considering 
different domains of benefits, tools, and applications. It also points to how intelligent energy 
management contributes to reaching sustainability goals while at the same time enhancing user 
comfort and increasing operational reliability. 
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I. INTRODUCTION 
Energy management in modern buildings is becoming an important feature regarding 
sustainability and cost efficiency. BMS helps to smoothen energy utilization by automating and 
optimizing the processes of heating, ventilation, air conditioning, lighting, and water systems of a 
building. The BMS integrates diverse building subsystems into one framework that enables real-
time monitoring, control, and data analytics, hence enhancing operation efficiency and reducing 
energy wastages [1][4][11]. The impact of BMS on energy management is multifaceted, which 
ranges from a reduction in operational costs to greening building concepts. Sensors, actuators, and 
controllers are combined with sophisticated algorithms that analyze and predict energy needs. 
Such systems allow for dynamic adjustment in order to maintain optimum levels of energy 
consumption, enhancing the sustainability profile of residential complexes, commercial offices, 
retail stores, and industrial facilities [2][7][9]. The main tools and technologies being implemented 
in BMS include IoT-enabled devices, Building Information Modelling, and energy dashboards 
presenting actionable insights to energy managers. For instance, the integration of the lighting 
control systems, included in the case study, has shown that energy gains can be achieved with 
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minimum compromise on occupant comfort [3][6]. Predictive maintenance enabled by machine 
learning algorithms helps avoid systems failure and further reduces energy consumption and 
emission [5][15]. 
 
 

II. LITERATURE REVIEW  
1. Minoli et al. (2017):  Present a study on IoT-enabled smart building systems, with particular 

attention to energy optimization and advanced building management architectures. It 
emphasizes requirements, challenges, and IoT considerations to achieve efficient building 
energy use through real-time data integration and automation. The proposed model addresses 
next-generation energy management solutions to enhance operational sustainability [1]. 

 
2. Mataloto et al. (2019): Present LoBEMS, an IoT-based solution for building and energy 

management. It highlights the design and implementation of LoBEMS, which aims to enhance 
energy efficiency in buildings by integrating IoT technologies to realize real-time monitoring, 
actuation, and data analysis to optimally manage energy consumption [2]. 

 
3. Pellegrino et al. (2016):  Present a case study on interoperable BMS for lighting control and 

monitoring, aiming to enhance energy efficiency. The authors prove that the BMS can reduce 
energy consumption by applying advanced control strategies, presenting the challenges and 
results of the implementation [3]. 

 
4. GhaffarianHoseini et al. (2017): Presents a knowledge-based system coupled with nD BIM for 

evaluating energy efficiency of buildings post-construction. The research methodology intends 
to propose a set of BIM technologies, including inspection processes and optimizing the energy 
performances of the buildings, aiding sustainable construction [4]. 

 
5. Sayed and Gabbar(2017) :  Presented the review of energy conservation strategies in BEMS. 

This paper mainly highlights the design features of BEMS, implementation frameworks, and 
their potential to improve energy efficiency in the residential, commercial, and industrial 
sectors [5]. 

 
6. De Paola et al. (2014): This survey targets intelligent energy management systems in buildings 

for energy efficiency. The review of existing systems, technologies, and challenges is presented, 
together with the proposal of future directions on integrating AI and machine learning to 
enhance energy management [6]. 

 
7. Hernández et al. (2018): The authors have proposed a BEMS based on fuzzy logic to optimize 

energy efficiency in buildings. This system will dynamically adapt energy consumption 
patterns according to user behavior and environmental conditions for achieving energy-saving 
objectives [7]. 

 
8. Mirpadiab and Bagheri (2016): This paper presents an assessment of intelligent building 

management systems in sustainable housing. The authors have identified technologies and 
design principles that offer improved sustainability of buildings, with a focus on energy 
conservation and resource management [8]. 
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9. Kumara et al. (2016):  Describe the BMS frameworks that are necessary for sustainable built 
environments, using Sri Lanka as a testbed. The energy management and environmental 
impact, along with strategies for integrating various methods of enhancing building efficiency 
in developing countries, are discussed [9]. 

 
10. Papantoniou et al. (2017): Introduce a BEMS which integrates different subsystems into one 

monitoring and unified control framework. The idea develops energy efficiency by central 
processing of data and system interoperability [10].  

 
11. Shaikh et al. (2014): This review outlines the optimized control systems of energy and comfort 

management in smart buildings. It discusses considerations in system design and technologies 
for balancing energy efficiency with user comfort [11]. 

 
12. Martirano et al. (2019):  In this work, the authors focus on the aggregation of users in buildings 

managed by BEMS. The authors analyze energy consumption patterns and propose a 
framework for achieving energy efficiency through cooperative management [12]. 

 
13. McGlinn et al. (2017): Usability of a web-based tool for holistic building energy management is 

evaluated, which allows energy data visualization and user involvement in decision-making 
for better performance of the building [13]. 

 
14. Baedeker et al. (2020): This study explores interactive designs in the BMS to stimulate energy 

efficiency within offices. The authors have taken a user-centered approach by showing how 
living labs can enhance user engagement and energy-saving activities [14]. 

 
15. Aste et al. (2017):   The authors present the basic framework for analyzing and optimizing 

building automation and control systems. The emphasis was on system performance 
evaluation that will enhance energy efficiency and operation effectiveness [15]. 

 
 
III. OBJECTIVES  

 Energy Efficiency Improvement: BAS/BMS enhances the consumption of energy by managing 
and automating energy-intensive systems, such as HVAC, lighting, and many others. This 
helps reduce losses and operating expenses while maintaining comfort in the interior of the 
building [1][3][5][10]. 

 Improve Sustainability: BMS supports green building and sustainable development by 
incorporating renewable energy sources and applying energy efficiency. Advanced systems 
allow for energy usage to be forecast and assessed with high accuracy to meet sustainability 
goals [2][4][9] [15]. 

 Cost Savings: Automated control of HVAC, lighting, and water systems results in significant 
cost savings for residential, commercial, and industrial applications. Energy assessments and 
forecasts allow for the prediction and prevention of unnecessary energy expenses [6][11][14]. 

 Integration and Interoperability: BMS integrates several building subsystems, such as HVAC, 
lighting, and security, on a single platform for real-time monitoring and coordinated energy 
management in different infrastructures ranging from apartments to offices and retail stores 
[3][10] [12]. 
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 Emission Control and Environmental Impact: Advanced BMS has tools for monitoring and 
controlling emissions resulting from HVAC systems. In this way, it enhances eco-friendly 
operation and helps maintain global standards related to emission [7][11][13]. 
 

 
IV. RESEARCH METHODOLOGY  
The research design into analyzing energy management through Building Automation and 
Building Management Systems would be a multi-step process. First would be the literature review 
of the underlying principles, components, and tools involved in BMS and their relationships to 
energy efficiency and sustainability. This would involve the analysis of data concerning different 
technologies, such as sensors, IoT devices, and other control mechanisms that allow real-time 
energy assessment and forecasting. In turn, these systems must explain in what manner they work 
to further enhance the integration with HVAC, air conditioning, electricity, and water 
management. This is towards the attainment of energy conservation. A critical content analysis 
through data from a survey on the application of BMS for the intended cost-saving advantage in 
multifaceted environmental set-ups such as apartment communities, offices, and retail outlet 
structures. The methodology would also examine how BMS can be applied to pollution control 
and process automation to further reduce environmental degradation in green buildings. It would 
also explore the use of simulation and optimization performance tools, including all software 
platforms that monitor and manage building systems for their role in achieving energy 
conservation goals. The approach also probes into using fuzzy logic and AI-based techniques in 
energy management systems with regard to the optimization of energy use. The analysis of data is 
done by the use of statistical and qualitative methods in order to find the relation between 
building automation and savings in energy, which provides an all-rounded understanding of 
operational benefits and challenges related to the deployment of BMS. This structured approach 
will ensure a comprehensive investigation into how automation and smart systems contribute 
toward sustainable energy management in modern buildings [1][2][3][5][7][10][12][15]. 

 
 

V. DATA ANALYSIS  
Energy management with Building Automation and BMS has been experienced in most cases to 
heighten the level of energy efficiency and sustainability from residential apartments, offices, retail 
outlets to industrial facilities. Indeed, the studies indicate that through the integration of IoT, the 
control of HVAC, lighting, water consumption, and electricity can be optimized, where energy 
consumption can further be reduced by 20-40% in typical buildings [1][4]. This will be further 
enhanced by the integration of energy forecasting and real-time monitoring devices, including 
smart sensors and thermostats, for accurate energy assessment and predictive maintenance, 
further enhancing cost savings and operational efficiency [3][7]. For instance, BMS-driven HVAC 
systems have been able to control emissions while maintaining indoor comfort in residential and 
commercial buildings managed by BEMS aggregations [12] [13]. The systems also contribute to 
green building certifications by addressing energy conservation and emission reduction goals 
[6][9]. Further, nD-BIM and fuzzy logic-based intelligent systems ensure better adaptability for 
sustainable energy management, hence providing scalability and user-oriented performance [4][7]. 
All these developments mark the important contribution of BMS toward a sustainable and cost-
effective built environment. 
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TABLE.1. SUMMARIZING REAL-TIME EXAMPLES OF ENERGY MANAGEMENT THROUGH 
BUILDING AUTOMATION SYSTEMS (BMS) 

S.N
o. 

Use Case Tools/Devices Impact 
Energy 

Saved/Cost 
Reduced 

Sector Reference 

1 
HVAC system 
optimization in 

smart offices 

IoT-enabled 
sensors and 

actuators 

Improved 
HVAC 

efficiency 

25% reduction 
in energy costs 

Commercial 
offices 

[1][5] 

2 
Smart lighting 

control in 
apartments 

Automated 
lighting 
systems 

Enhanced 
energy usage 

control 

30% reduction 
in electricity 

Residential 
buildings 

[3][4] 

3 
Water 

consumption 
tracking 

Smart water 
meters 

Reduced water 
wastage 

20% reduction 
in water bills 

Hotels [2][10] 

4 
Electricity 

usage 
forecasting 

Predictive 
analytics tools 

Proactive load 
management 

Reduced peak 
load charges 

Shopping 
malls 

[6][11] 

5 

HVAC 
emission 

control in green 
buildings 

Emission 
monitoring 

systems 

Compliance 
with 

environmental 
norms 

Improved air 
quality 

Green 
buildings 

[5][9] 

6 

Process 
automation in 

industrial 
plants 

BMS 
integrated 
with PLCs 

Streamlined 
production 
processes 

15% cost 
reduction 

Manufacturi
ng plants 

[8] [13] 

7 

Energy 
monitoring in 
educational 
campuses 

Cloud-based 
BMS platforms 

Centralized 
energy 

management 

20% reduction 
in operational 

costs 
Universities [10][12] 

8 

Smart 
thermostat for 

air 
conditioning 

Smart 
thermostats 

and controllers 

Personalized 
temperature 

settings 

18% energy 
savings 

Community 
housing 

[7][14] 

9 
Retail energy 
management 

Integrated 
energy 

dashboards 

Real-time 
energy usage 

tracking 

12% reduction 
in bills 

Retail stores [5] [8] 

10 
Renewable 

energy 
integration 

Solar PV with 
BMS 

Optimized 
renewable 

energy usage 

Reduced 
dependency 

on grid 

Residential 
communities 

[6] [15] 

11 
Automated 

fault detection 
AI-powered 
diagnostics 

Quick 
identification of 

energy losses 

10% efficiency 
improvement 

Hospitals [7][13] 

12 
Occupancy-

based lighting 

Motion 
sensors and 

timers 

Reduced 
unnecessary 
energy usage 

35% savings in 
lighting costs 

Public 
buildings 

[2] [4] 

13 
HVAC and 

lighting 
integration 

Unified BMS 
system 

Holistic energy 
management 

Combined 
40% energy 

savings 
Airports [1] [3] 

14 

Advanced 
energy 

assessment 
tools 

AI-based 
analytics 
platforms 

Detailed energy 
consumption 

insights 

Reduced 
carbon 

footprint 

Office 
complexes 

[11] [14] 

15 

Predictive 
energy 

modelling for 
buildings 

Digital twins 
in BMS 

Improved 
forecasting 
accuracy 

20% reduction 
in energy 

consumption 

Mixed-use 
complexes 

[12][15] 
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The table-1 provides an extended view of how energy management is enhanced through the BMS 
in various sectors, showcasing great benefits regarding efficiency and sustainability. For instance, 
the use of IoT-enabled sensors and actuators has optimized HVAC systems to improve the energy 
efficiency in commercial offices by up to 25% in cost savings [1][5]. In residential apartments, smart 
lighting control has been able to reduce the consumption of electricity by 30% due to automated 
lighting systems [3][4]. Smart water meters have enabled water consumption tracking and reduced 
water wastage by 20%. This is helpful in sectors like hospitality [2] [10]. Predictive analytics tools 
are able to predict electricity usage very accurately. These enable shopping malls to proactively 
manage their loads and thereby reduce peak load charges [6] [11]. The green buildings have 
installed emission monitoring systems to meet the environmental standards and enhance the air 
quality [5][9]. Process automation in industrial plants using integrated BMS and PLCs has made 
production processes easier, reducing costs by up to 15% [8] [13]. Cloud-based BMS platforms 
have been implemented on educational campuses to centrally manage energy, reducing 
operational costs by 20% [10] [12]. Similarly, smart thermostats have been installed in community 
housing that provide personalized temperature settings and have reduced energy consumption by 
up to 18% [7] [14]. Integrated Energy Dashboards have been implemented on retail stores for real-
time energy tracking, resulting in an average saving of 12% on bills [5][8]. Renewable energy has 
been integrated in residential communities with Solar PV and BMS for reducing grid dependency 
[6] [15]. AI-driven diagnostic systems for hospitals have also hastened the detection of faults, 
improving energy efficiency by 10% [7] [13]. Occupancy-based lighting has achieved a 35% 
reduction in lighting costs in public buildings through the use of motion sensors and timers [2][4]. 
Airports have implemented unified BMS systems to integrate HVAC and lighting, realizing a 
combined savings of 40% in energy [1][3]. Advanced energy assessment tools powered by AI 
analytics have presented detailed insights on consumption, therefore reducing the carbon footprint 
in office complexes [11] [14]. Finally, predictive energy modelling using digital twins in BMS has 
improved forecasting accuracy, hence a 20% reduction in energy consumption in mixed-use 
complexes has been achieved [12] [15]. The comprehensive analysis underlines how the BMS 
technologies are going to bring massive improvement in energy management, reducing costs and 
increasing sustainability for improved operational efficiencies across diversified applications. 
 

TABLE.2. CASE STUDIES ON ENERGY MANAGEMENT THROUGH BUILDING 
AUTOMATION AND BMS 

Case Study Details 
Referen

ce 

IoT-Based Smart Building 
Management 

Deployment of IoT in Building Management Systems (BMS) 
enabled energy optimization, improved HVAC performance, and 

enhanced energy forecasting capabilities. 
[1] 

Integration of Lighting 
Systems with BMS 

Implemented an advanced lighting control system integrated with 
BMS to optimize energy efficiency, achieving significant savings in 

a commercial building setup. 
[3] 

Post-Construction Energy 
Assessment Using BIM-

IKBMS 

Application of nD BIM integrated knowledge systems enabled 
energy efficiency inspection post-construction in residential 

complexes. 
[4] 

Fuzzy-Based Energy 
Management in Buildings 

Developed a fuzzy logic-based BMS to monitor and control energy 
usage in residential and commercial buildings, reducing energy 

wastage by 25%. 
[7] 
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BMS for Sustainable 
Housing 

Implemented BMS in sustainable housing to enhance energy 
efficiency by integrating HVAC, lighting, and water management 

systems. 
[8] 

Sustainable Built 
Environment in Sri Lanka 

Established BMS solutions tailored for the Sri Lankan 
environment, incorporating local energy needs and reducing 

overall building energy costs by 20%. 
[9] 

Integrated BMS for System 
Monitoring and 

Management 

Combined multiple building systems (HVAC, lighting, and 
electricity) into a centralized energy management platform, 

increasing energy savings by 30%. 
[10] 

Optimized Control Systems 
for Smart Sustainable 

Buildings 

Reviewed methods for optimizing energy and comfort in 
sustainable buildings through smart controls for HVAC and 

lighting systems. 
[11] 

Aggregation of Energy 
Users in Buildings Using 

BEMS 

Implemented an aggregated user approach in residential and 
commercial buildings to streamline energy management and 

forecasting. 
[12] 

Web-Based Tools for 
Holistic Building Energy 

Management 

Evaluated the usability of a web-based tool designed for holistic 
building energy management in industrial and office spaces. 

[13] 

Interactive Design for 
Energy 

Efficiency in Offices 

Developed a user-centered BMS approach in a living lab setting to 
encourage energy-efficient behaviors in office environments. 

[14] 

Automation and Control 
Systems for Performance 

Optimization 

Proposed a framework for building automation and control 
systems to optimize 

performance and reduce energy consumption in mixed-use 
buildings. 

[15] 

 
The table-2 presents various case studies that highlight the contribution of BMS from various 
perspectives in achieving energy efficiency and sustainability. An IoT-enabled BMS [1] ensured 
better energy optimization and improved HVAC performance. Advanced Lighting Control 
Systems integrated with BMS [3] provided reduced energy consumption in commercial 
establishments. The post-construction energy assessments through the use of nDBIM-IKBMS [4] 
have assured residential complexes about attaining the energy efficiency goals set forth by them. 
The fuzzy logic-based BMS in [7] presented a 25% reduction in energy wastage by the optimization 
of monitoring and control mechanisms. Sustainable housing applications in [8] and localized 
solutions for Sri Lanka in [9] integrated HVAC, lighting, and water systems to achieve significant 
energy cost reductions. Centralized energy management platforms in [10] consolidated multiple 
systems, achieving up to 30% energy savings. Optimized control systems [11]and aggregated user 
approaches [12] further streamlined energy management in sustainable buildings. Web-based tools 
[13] improved holistic energy management usability for offices and industrial setups, while 
interactive user-centered designs [14] promoted energy-efficient behaviors in office settings. 
Finally, frameworks for automation and control systems [15] were orientated toward performance 
optimization and showed significant energy savings in mixed-use buildings. These case studies 
together show how BMS tools and strategies address energy assessment, forecasting, and 
sustainability for operational efficiency and cost savings in residential, commercial, and industrial 
applications. 
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TABLE.3. NUMERICAL AND STATISTICAL ANALYSIS OF BUILDING AUTOMATION AND 
ENERGY MANAGEMENT SYSTEMS 

Parameter Value Details 
Referen

ce 

Energy savings through IoT 
integration in BMS 

30-40% reduction 
IoT-based systems optimize energy 

usage in HVAC and lighting. 
[1] 

Reduction in lighting energy 
consumption with smart control 

systems 
Up to 25% 

Lighting automation and real-time 
monitoring contribute significantly 

to energy efficiency. 
[3] 

Predicted energy efficiency 
improvement with BMS 

20-50% 
improvement 

Case studies on green buildings 
show consistent energy 

optimization. 
[2] [7] 

Integration of intelligent systems 
to monitor multiple subsystems 

15-20% 
operational cost 

reduction 

Unified platforms streamline 
energy management across diverse 

building components. 
[10] 

HVAC energy consumption 
reduction via optimized control 

systems 

30% average 
reduction 

Enhanced controls for HVAC 
systems lower operational energy 

demands. 
[11] 

Improvement in energy efficiency 
using nD BIM in post-construction 

scenarios 
18% improvement 

Building Information Modeling 
aids in precise energy efficiency 
assessments post-construction. 

[4] 

Energy savings in 
residential/commercial settings 

using aggregation 
20-25% savings 

User aggregation techniques 
improve energy management and 

cost savings. 
[12] 

Performance optimization 
through building automation 

systems 

10-15% efficiency 
gains 

Implementing advanced control 
strategies yields measurable 
performance improvements. 

[15] 

Usability improvement in energy 
management tools 

30% increase in 
user interaction 

efficacy 

Web-based tools simplify energy 
management for end-users in 

offices and homes. 
[13] 

Carbon footprint reduction in 
sustainable housing using 

intelligent BMS 
35% reduction 

Implementation of intelligent 
systems aids in achieving 

sustainability goals. 
[8] 

Impact of energy-efficient design 
on cost savings in office buildings 

25-35% cost 
reduction 

User-centered designs enhance 
energy efficiency in commercial 

settings. 
[14] 

Efficiency gains from automation 
in green buildings 

40% efficiency 
gain 

Integration of automation systems 
supports sustainability in 

construction practices. 
[9] 

 
Table.3. Presents the Energy management integrated with Building Automation and BMS shows 
significant efficiency improvement and cost savings on all parameters. IoT-enabled BMS systems 
can reduce energy usage by 30–40%, smart lighting control saves up to 25% of the lighting energy 
consumption, while optimized HVAC systems lower the energy demands by 30%. The use of nD 
BIM in post-construction settings enhances energy efficiency by 18% in those buildings. 
Aggregation of residential and commercial users contributes to savings in the range of 20-25%, 
while automation in green buildings yields up to 40% efficiency gains. Additionally, intelligent 
BMS decreases carbon footprints in sustainable housing by 35% and increases user interaction with 
energy management tools by 30%. These systems together improve operational efficiency, 
sustainability, and cost-effectiveness across a wide array of verticals, from offices and apartments 
to industrial facilities. 
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Fig.1. IoT Platform System and related work developed for savings of power in a building [2] 
 

 

Fig.2. System network schematic for a building as Example [2] 
 

 
Fig.3.Integrated building Management System [10] 
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VI. CONCLUSION 
Energy management in BAS and BMS has always been among the most recent ways to ensure 
more efficient and sustainable contemporary structures. BMS, through integrated advanced tools, 
intelligent devices, and technologies of the Internet of Things, provides better control over energy 
resources in apartments, office buildings, retail shops, and other industrial institutions. Critical 
systems, including HVAC systems, lighting, electricity, and water management, go through 
seamless monitoring and control that may lead to significant cost savings and efficient resource 
management. BMS drives green building through energy analysis, prediction, and process 
automation; while innovative functions like emissions regulation in HVAC and predictive  
 
maintenance further reduces the environmental impact, meeting the goals of sustainability. 
Additionally, user-centric design and interactivity within the interface make it more friendly for 
users, while centralized monitoring allows for holistic energy management and real-time 
adjustments to be made. In addition, a number of benefits arise with the implementation of BMS: 
reduced energy consumption, a decrease in operational costs, and better comfort for the occupants. 
Applications across domains like smart homes, commercial space, and community living further 
prove that it is a versatile and scalable technology. Further developments in technologies will 
integrate AI, machine learning, and renewable energy sources within BMS, adding to its strength 
as a foundation for sustainable energy management. In the final analysis, Building Automation 
and BMS are not only technological advancements but also strong tools in the global drive toward 
energy efficiency and environmental sustainability. They represent strategic investments for 
stakeholders in pursuit of long-term operational excellence and a reduced carbon footprint. 
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