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USING A DISTRIBUTED VIRTUAL MEMORY SYSTEM
TO MANAGE A SMART HOME

AKbINabl YA BACKAPY YLUIH TAPATbIJIFAH
BUPTYAIAbI XAObl XXYUECIH MAUOATAHY

NUCNOJIb30BAHUE CUCTEMbI C PACNPEQENIEHHON BUPTYAIIbHON
NAMATbLIO And YNPABJIEHUA YMHbIM JOMOM

AHOamna. Akaynapra mesimOinik mMaceneciH wewy, «akbiidbl yli» bardaprnamarbik-annapammabiK
KeWEeHIHIH bIHFaUnbIbIFbl MEH KayinciddiciH apmmabipy ywiH asmopriap XyueHiH apmypni myUiHOepiHOe
Oepexkmepdi napannens eHOeUmiH knacmep mypiHOeai SVM (Shared Virtual Memory) XyueciHiH
JKeHindemineeH HyckacbiH natidanaHyObl ycbiHObI. byn xXymbicma eHepkacinmik eHOipineeH Raspberry Pi 4
Model B KypbinfsinapbiHa xoaHe LAN xeHe Wi-Fi kommymauyusnbik xeniciHe Heziz0eneeH SVM xylieciH
KYpy Mbicarnbl KenmipineeH, COHbIMEH Kamap arbiHFaH XyUeHiH akaymnapra mesimoOinieiH mekcepy
Hemuxxenepi kenmipinzeH. Byn Xymbic xyleHiH XyMbiCbiHa manday xacaliObl XaHe K3WmIH xaHa mypiH
KOCy apKbliibl 6HIMOINIKMI xaKcapmy myparsb! wewim ycbIHaobI.

Tytin ce3dep: SVM xylieci, akbinObl yU, akaynapra me3imoinik, napannesnsoi ecenmey, SVM xyleciHiH
eHimOiniziH apmmeipy, xedes kaw, akaynapra mesimoi knacmep, Raspberry Pi..

AHHOmauyus. [nsa peweHusi npobnembl omka3oycmoldueocmu, nosbiueHuss ydobecmea u besonac-
HOcmu poepaMMHO-annapamH{o20 Komrnekca «YMHbIlU OoM» asmopbl MPeOnoXusiu Ucrob308amb
ynpoweHHyto eepcuro SVM (Shared Virtual Memory) cucmembl 8 eude knacmepa C napasnnesibHol
06pabomkoli daHHbIX Ha pa3uYHbIX y3rax cucmemsbl. B daHHoU pabome npusedeH rpumep co3daHusi SVM
cucmembl Ha OCHO8e MPOMBbIWEHHO u320moerisieMbiX ycmpoticme Raspberry Pi 4 model B u
KoMmymauyuoHHol cemu LAN u Wi-Fi, a makxe npedcmaeneHbl pe3ynbmambl mecmupo8aHusi
omka3oycmoudusocmu rosly4eHHoU cucmembl. B daHHOU pabome npugedeH aHasu3 rnpou3sodumersib-
HOCMu cucmemsbl, U rnpedsioXXeHO peweHue o yryHuweHuUro npouzsodumerisHocmu 3a cyem 0obasrneHust
HOB8020 8uda Kawa.

Knroueenie cnosa: SVM cucmema, ymHbIl O0M, 0mKa3oycmolyueocms, naparnnefibHble 8bI4UCEeHUS,
riosblWweHue npousgooumesnsHocmu SVM cucmembi, ornepamugHbIl K3W, omkKa30ycmoudusbilti Kinacmep,
Raspberry Pi.

Abstract. To solve the problem of fault tolerance, increase the convenience and security of the Smart
Home hardware and software complex, the authors proposed using a simplified version of the SVM (Shared
Virtual Memory) system in the form of a cluster with parallel data processing on various nodes of the system.
This paper provides an example of creating an SVM system based on industrially manufactured Raspberry
Pi 4 model B devices and a LAN and Wi-Fi switching network, and also presents the results of testing the
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fault tolerance of the resulting system. This paper provides an analysis of system performance, and a
solution is proposed to improve performance by adding a hew type of cache.

Keywords: SVM system, Smart Home, fault tolerance, parallel computing, SVM system performance
improvement, operational cache, fault-tolerant cluster, Raspberry Pi.

Introduction. Due to the development of computer and information technology, people have
started devoting more time to enhancing their personal spaces. Traditional ways of living and
working have undergone significant changes due to information technologies. Nowadays,
individuals actively incorporate Smart Home technologies into their lives. A "Smart Home" refers
to an automated software and hardware complex that can control all connected household
appliances and audio/video devices [1]. It optimizes life support procedures in modern buildings
by combining essential components into a single unit. Users can remotely change or configure
their home's internal equipment at any time using a remote control, wall panels, or a smartphone
app.

The engineering of a cutting-edge Brilliant home includes a head unit and an exchanging
climate that facilitates data exchange between the head unit, sensors, and actuators. This
architecture offers advantages such as relatively low device prices and easy configuration and
updates. However, a system with a centralized architecture has poor fault tolerance, which is a
significant disadvantage. If the head unit fails or catches fire, the system ceases to function,
thereby failing to alert occupants about a fire or other emergency situations that may jeopardize
human life or well-being.

There are several traditional approaches still in use for solving Smart Home systems. The
paper [2] discusses various architectures, technologies, and algorithms utilized in Smart Home
energy management systems. It also evaluates the efficiency of current systems in use. Another
article [3] focuses on the home's energy management systems in response to demand, covering
aspects such as energy management, load management, and energy preservation. Additionally,
studies [4] provide an overview of energy management systems in a smart home, including
various optimization and management algorithms, as well as addressing security and data privacy.
Moreover, loT technologies are commonly employed to address Smart Home issues, as
highlighted in article [5]. This article specifically examines the energy management system in a
Smart Home and various aspects of its development and implementation, discussing control
algorithms, optimization techniques, sensors, control devices, and monitoring systems.

Remote control methods utilizing Internet of Things technology are considered optimal and
cost-effective for Smart Homes due to their inclusion. Numerous Smart Home applications used
to control energy consumption are described in studies [6]. These applications cover topics such
as lighting, temperature control, electrical appliances, and energy consumption. Another article
[7] explores a novel approach to Smart Home management, incorporating a network protocol into
the architecture of the Internet of Things. Additionally, work [8] presents innovative ideas for
Smart Home management by altering energy consumption. For example, in article [9], the
Arrowhead Framework core systems - Event Handler were utilized. They implemented the Event
Handler system as a MQTT-enabled service broker and deployed the Node-RED data flow
programming tool to connect diverse hardware devices and nodes, along with APIs for online
services.

The main objective of this research is to design and develop a Smart Home system that
continues to function even if one or more devices fail. One potential solution proposed in this
paper is the development of a Smart Home based on a system with distributed virtual memory
(Shared virtual Memory). This approach involves processing the same data on multiple devices
simultaneously, allowing for timely alerts about any device failures in the system, as well as in
emergency situations. It can also automatically call for emergency services such as ambulances
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or firefighters. Another crucial aim of this research is to enhance the system's performance,
resulting in reduced expenses related to purchasing necessary Smart Home equipment.

The scientific novelty of this article lies in the implementation of a Smart Home system based
on fault-tolerant clusters and the introduction of a new caching mechanism in distributed virtual
memory systems. Specifically, the focus is on caching memory pages in RAM within a Smart
Home cluster. By integrating fault-tolerant clusters into the Smart Home infrastructure, the system
becomes more resilient to failures, ensuring continuous operation and enhanced reliability.
Furthermore, introducing memory page caching in distributed virtual memory systems optimizes
data access, improving overall performance and reducing latency. This innovative approach
demonstrates the potential for enhancing Smart Home management through advanced cluster-
based architectures and caching techniques in distributed virtual memory systems.

The article is organized as follows: The requirements for Smart Homes are briefly discussed
at the start of the section "Smart Home Management Requirements." The following section
suggests creating a cluster-based SVM system for a Smart Home. The technical specifications of
the proposed SVM system are described in the section "Smart Home architecture based on SVM
system." The results of fault tolerance testing and one possible approach to improving the system's
performance are discussed in the sections "Implementation of a Smart Home based on SVM
systems and computational experiments™ and "Improving the performance of the SVM system for
a Smart Home." The conclusion and plans for future research are presented in the concluding
section.

Smart Home Management Requirements. The design of a Smart Home is determined by the
person or group for whom the solution is intended. The Smart Home system must prioritize
meeting the needs of its users [10].

When designing a Smart Home, there are fundamental principles and requirements that must
be followed, despite the variety of solutions:

Data transmission standards: Different devices with various capabilities and functions exist in
a house, including furniture, home appliances, smart devices, and sensors. Integrating these
devices requires standardized network data transmission and a seamless platform for their
interaction, ensuring maximum functionality and comfort.

Apps for smart device management: The Smart Home system should support the addition of
new devices and their accompanying apps. Existing applications may need updates for added
security support and additional features. Tools for managing Smart Home applications should be
available to easily add new devices and apps.

Dependable and secure functionality: Smart Home users may lack sufficient experience and
knowledge to manage smart devices. Smart Home applications should operate reliably at all times,
without delays or interruptions. These applications should ensure the reliability, security, and
privacy of data, even without a head unit or manager.

User-centric design: Smart Home applications serve various purposes for users. These
applications must fulfill the requirements and convenience of all user groups and deliver the
expected outcomes through logical inference.

User-centered design: While there are numerous Smart Home apps available, users should be
given priority. These applications should be designed with the user's needs in mind, meet their
requirements, and provide a user-friendly interface for easy interaction.

One critical component of a Smart Home system is the head unit, which comes in a wide
selection from different companies and manufacturers.

In a Smart Home system, the head unit serves as a computer that controls the entire system,
connecting sensors, controllers, and control devices to each other. It processes data from various
sensors and controls the devices in the house based on preset schedules and settings.
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A major advantage of the head unit in a Smart Home system is the centralized control it
provides over all devices in the house. This simplifies the management process and allows users
to quickly configure and modify system parameters.

Additionally, the head unit plays a crucial role in the security of the Smart Home system. It
can control system access and send notifications to mobile devices in the event of unforeseen
events, such as hacking attempts or unauthorized access.

The head unit of a Smart Home system can be a standalone device or integrated into control
devices like smartphones or tablets. In some cases, it can be implemented as a cloud service that
manages the Smart Home system remotely.

Modern head units in Smart Home systems offer numerous functions and capabilities, enabling
users to configure and control the system with precision. They provide a high level of automation
and user-friendliness, enhancing comfort and safety in a Smart Home.

However, each model has its advantages and disadvantages, significantly impacting the overall
reliability of the Smart Home system. For example, cloud-based systems aimed at cost-saving are
often located on remote servers, causing modules to go offline when the internet connection is
lost within the Smart Home network. On the other hand, using local head units such as those from
Agara, Xiaomi, Mijia, etc., ensures the Smart Home remains functional even without internet
access. Nonetheless, risks exist in such situations, such as head unit malfunctions. Budget
headsets, typically priced up to $300, often have a centralized control system where sensors and
actuators connect to one central master head unit, with other head units as slave devices. In the
event of a master head unit failure, the components of the Smart Home system go into offline
mode. This limitation is addressed by more expensive headsets like those from Yandex and
Xiaomi, which implement a protected cluster of multiple head units. The proposed solution in this
article suggests implementing a cluster using three Raspberry Pi 4 Model B devices, each priced
at $60.

Designing a Smart Home based on an SVM system. A wide variety of SVM systems are
currently used in various industries, including personal computer work and scientific research
conducted in computing centers. Despite the extensive range of applications (Figure 1), the overall
appearance, operating principles, and limitations of SVM systems remain unchanged.
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Figure 1. General view of the SVM system

As illustrated in Figure 1, the SVM system comprises multiple devices, each equipped with its
own processor and memory. These devices are interconnected through a switching network,
forming a unified computing complex.
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The SVM system has several key limitations, including:

1) Each block of code is assigned to only one page.

2) The total length of blocks on a page does not exceed the page length.

3) The length of any working set does not exceed a predetermined system constant.

The functionality of Shared Virtual Memory involves multiple processors or computing
processes sharing a single address space. Each processor can directly access any memory cell
within this address space. The SVM System Manager is responsible for establishing the
connection between local memory and the shared virtual memory address space. It also ensures
the integrity of the address space, guaranteeing that the value returned by a read operation matches
the value written by the most recent write operation at the same address.

There are several types of SVM systems:

1) Computer-computer: This type is commonly used in servers.

2) Processor-processor or core-core: Also prevalent in server applications.

3) Graphics processor-graphics processor: Primarily used for working with video data and
neural networks.

4) Processor-graphics processor: Also utilized in video data processing and neural network
applications.

To enhance the reliability and security of a Smart Home, this article proposes implementing
an SVM system based on computer-computer communication. This type is often referred to as
"fault-tolerant clusters™ or "high-availability clusters.” A key feature of this type is the automatic
transfer of functions to other nodes within the cluster in the event of a node failure (known as
failover). Additionally, cluster roles are proactively monitored to ensure their proper operation,
with rebooting or migration to another node performed if necessary.

The home network is a crucial aspect of any Smart Home system. It facilitates communication
between devices and contributes to energy management and household consumption reduction
[11]. The home network can be either wired or wireless, as depicted in Figure 2. Wireless setups
offer easier installation and maintenance compared to traditional wired configurations. They also
provide improved scalability. However, wireless networks have their downsides, such as lower
bandwidth, reduced security levels, and susceptibility to interference.
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Figure 2. Home network [12]

It is important to highlight that for the implementation of an SVM system in a Smart Home, a
high data transfer rate between most nodes is not necessary. This is because sensor data is not
transmitted frequently, making little difference between using a wired or wireless network.
Additionally, the SVM system offers a "terminal server" functionality, allowing users to manage
their Smart Home, continue working, or watch movies on any connected terminal, regardless of
whether the terminal is directly connected to the home network or accessed through a mobile
application. Further details about this feature will be provided in the following module.

Intemet
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Figure 3. Smart Home Architecture

Smart Home architecture based on SVM system. Figure 3 depicts the architectural diagram of
a Smart Home that utilizes an SVM system. The head unit of the Smart Home system is based on
the Raspberry Pi 4 Model B, which possesses the following specifications:

1) A 4-core, 64-bit Cortex-A72 processor (ARM v8) with a clock speed of 1.5 GHz.

2) 4 GB of RAM.

3) A Gigabit network port.

For the switch, an 8-port TP-Link TL-SG1008MP is employed. This switch is connected to
three Smart TVs, three Raspberry Pi 4 Model Bs, an outdoor surveillance camera, and an Asus
RT-AX82U Wi-Fi router. These devices can establish wireless connections with sensors and
actuators, allowing them to communicate with the Smart Home system via the Internet. The gauss
Smart Home 1170112 lamps, connected through Wi-Fi to the SVM system, provide illumination
for each room. The system is also connected to sensors such as the Ps-Link WIFI-818 wireless
gas sensors, the PS-WDO001 wireless opening sensors, the Rovex RS-07CST4 wireless on/off air
conditioners, and Raspberry Pi 4 Model B devices with USB Wi-Fi and GSM receivers for
emergency notifications to firefighters and ambulances. Additionally, actuators for automatic
window control are incorporated. The system is built on the foundation of Raspberry Pi 4 Model
B devices with USB Wi-Fi modules, as depicted in Figure 4.

Figure 4. Actuator for automatic window control

The foundation of the SVM system for a Smart Home is based on Classic Swarm [13], which
runs on the Raspberry Pi OS Lite operating system. This Classic Swarm has been uniquely
modified to organize a cluster SVM system, as illustrated in Figure 5. The cluster forming the
SVM system consists of three Raspberry Pi devices connected through a fault-tolerant cluster
scheme, serving as the head unit for the Smart Home. Additionally, six additional Raspberry Pi
devices are connected to this cluster using a computing cluster scheme, and they are situated
within the actuators and GSM receiver. This plan combines a fault-tolerant cluster with a
computing cluster, resulting in increased system reliability and enhanced performance of the SVM
system. Consequently, the implementation of a terminal server for the Smart Home becomes
possible. By installing the Docker Engine version 19.03 application on the 32-bit Raspberry Pi
OS Lite operating system, each Raspberry Pi node is transformed into a Docker Machine.
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Figure 5. SVM System Connection Diagram for Smart Home

Implementation of a Smart Home based on SVM systems and computational experiments.
System performance is evaluated based on throughput and response delay parameters generated
by the system during load testing. The request load is simulated using Apache JMeter application
[14] version 5.5, executed from a client system consisting of a desktop PC equipped with a Ryzen
9 5950X processor (4.8 GHz clock speed), 32 GB of RAM, and running on the MS Windows 10
64-bit operating system. To facilitate monitoring of cluster behavior, a visual image is utilized -
the Visualizer container [15]. This container is launched on the cluster system manager node,
functioning as a web service accessible through a browser on the client machine.

Below are some of the completed test scenarios.

% 192.168.100.5:8080 67% - @ & & L W\ D 192.168.100.5:808 7%

Figure 6. Cluster visualization: (a) initial state; (b) rpi2 reboot status

1. Fault tolerance testing
First and foremost, a fault tolerance test was conducted to assess the system's reliability in
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handling failures caused by resource unavailability. For this experiment, simply disconnecting
the power supply or rebooting the device is sufficient. The purpose of this test is to monitor and
measure the system's availability by creating a scenario where one or more machines become
unavailable. We attempt to access the Visualizer application service using the same address to
verify if the cluster system can still run the Visualizer application service (Figure 6).

In this experiment, the initial state of the visualizer service was set on the RPI2 server. Next,
we rebooted the RPI2 server and attempted to access the Visualizer application at the same
address. As shown in Figure 6, the Visualizer application service is still running, but it has been
automatically moved to the RPI1 server. Therefore, the test confirmed that failover in this cluster
system occurs quickly and without downtime. This feature is essential in systems with high fault
tolerance.

2. Execution testing

Framework performance testing involves gathering data from various components of the
system within a short period of time. The objective of this test is to monitor and measure the
availability of SVM framework pages by tracking the number and duration of page failures. This
scenario assesses how the system handles consecutive requests. To conduct this test, we have
developed a program that generates a significant load on the entire SVM framework in a Smart
Home by sending a large number of data page requests to each component of the system.
Additionally, this program records the execution time of each individual request. The test program
for the SVM framework is designed as a Windows application, as depicted in Figure 7.
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Figure 7. A test program for evaluating system performance

This program connects to the cluster over the network to exchange memory pages. It serves as
an external manager for the SVM system. This program'’s primary objective is to organize, control,
and monitor the entire SVM system. Notwithstanding the abovementioned, this program likewise
makes a heap on the SVM framework as an enormous number of solicitations for pages. There
are a lot of settings and functions in this program. For instance:

— Program duration: Decides the quantity of irregular virtual memory locations to get pages
from the SVM framework.

— More floor space: This is the additional space that can be added by this program to the SVM
system in order to simulate the computational process.

— Sorting loads: allows you to display the system's most loaded node.

— Loading gradient: responsible for adjusting additional load on a particular system node
selectively.

— Export to File: The job of this function is to save interim totals to files for later analysis.

Figure 7 shows how this program displays computing process information in real time and



Ne 3, 2023 135 «IKTY XABAPIIBICHI»

saves data when the "save to file" option is selected (Figure 8). Each process's output data are
stored separately in files that can later be analyzed with third-party software like Microsoft Excel.

3. Smart Home management

To enhance the usability of the Smart Home system and enable access from mobile devices
[16], an LTSP terminal server was incorporated into the SVM system. With LTSP, local network
computers can boot from a single server, reducing equipment costs and minimizing maintenance
time. Since most processes are executed on the server, clients do not require powerful processors
or video cards. Servicing only the server instead of multiple local network computers decreases
service time, and software installations and updates only need to be performed once. The
decreasing cost of hardware further contributes to the time-saving benefits of LTSP [17].

LTSP also offers advantages in administration and communication. Features like
screen/desktop sharing and centralized user accounts allow users to access their accounts from
any terminal. Furthermore, LTSP is widely used and compatible across different platforms. This
strategy enables access to the Smart Home system via thin-client technology from Android-
powered smartphones, tablets, and personal computers. The aTMC application was utilized to
connect Android devices to the Smart Home SVM system, while the VNC Viewer 6.22.315 64-
bit program was used for connections from MS Windows OS. An example illustrating the
functionality of the terminal server in this system is watching movies. If a movie is started on one
device, such asa TV in one room, it can be seamlessly continued on another device, like a tablet
in the kitchen. Users simply need to turn on the device and log in as their user, similar to any
operating system.
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1£295f32-f7ea-453¢-b829-54268blccdad 805306368 696528312 86% 33554432 33537229 99% True 4192/10000 41X 3872 320
1£295¢32-f7ea-453c-b829-54268bl1ccdad 805306368 696528312 86X 33554432 33536399 99% True 4265/10000 42X 3939 326
1£295f32-f7ea-453¢-b829-54268blccdad 805306368 696528312 86X 33554432 33555771 100X True 4348/10000 43% 4014 334
1£295f32-f7ea-453¢-b829-54268blccdad 805306368 696528312 86% 33554432 33609368 100% True 4408/10000 44% 4069 339
1£295¢32-f7ea-453c-b829-54268blccdad 805306368 696528312 86% 33554432 33620284 100% True 4512/10000 45% 4166 346
1£295f32-f7ea-453¢-b829-54268bl1ccdad 805306368 696528312 86% 33554432 33643160 100X True 4568/10000 45% 4216 352
1£295f32-f7ea-453c-b829-54268blccdad 805306368 696528312 86% 33554432 33636516 100% True 4618/10000 46% 4260 358
1£295¢32-f7ea-453¢-b829-54268bl1ccdad 805306368 696528312 86% 33554432 33616682 100% True 4706/10000 47% 4341 365
1£295f32-f7ea-453¢-b829-54268blccdad 805306368 696528312 86% 33554432 33642242 100X True 4799/10000 47% 4428 371
1£295f32-f7ea-453¢-b829-54268blccdad 805306368 696528312 86% 33554432 33627392 100% True 4872/10000 48% 4495 377 v
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21:28:13.7534434
21:28:13.8544663

Crp1, 61 100%  Windows (CRUF)  UTF-8

Figure 8. Calculation result

As a result, the Smart Home system becomes accessible from any preferred device, allowing
uninterrupted work without the need to start over.

Improving the performance of the SVM system for a Smart Home. SVM systems are typically
implemented using particular server technologies or emulated using FPGAs, as shown in [18].
However, not the most powerful single-board computers, the Raspberry Pi 4 model B, were used
as a foundation for the SVM system for a Smart Home in order to maximize energy savings and
reduce costs. As a result of its small size and poor performance, the SVM system for a Smart
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Home frequently began to function but then froze. Using the testing program we developed, which
can be seen in Figure 7, a number of tests were carried out to determine the causes of freezes in
the SVM system. We were able to create a schedule of delays in receiving pages in the SVM
system and observe the response times of each system device thanks to this program. In this
experiment, data page addresses were selected based on the worst-case access scenario, hamely
accessing a memory address randomly. Figure 9a depicts a 32-second delay graph of the entire
system with 10 Raspberry Pi, while Figure 9b depicts a 4-second delay graph of just one
Raspberry Pi device that is distinct from the overall graph in Figure 9a.

Figure 9 illustrates that the system exhibited a maximum response time of 68 milliseconds and
an average response time of 15 milliseconds. To address the occurrence of system freezes, an
additional form of caching called "Operational Cache" was implemented on each system node.
The size of this cache was set to 5% of the RAM. Instead of swapping pages in the SVM system,
the Operational Cache serves as a software-based page caching mechanism, allowing pages to be
cached in local memory for future read operations. These cached pages are marked as "read-only."
If there is a need to write data to a cached page, the requesting device sends a request to invalidate
the page on other nodes. As a result, the SVM system ensures that only one instance of the page
exists, satisfying the requirements for page editing.
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Figure 9. Delay schedule: (a) the delay schedule of the entire system in 32 seconds;
(b) the delay schedule of rpi5 in 4 seconds

It is important to note that complete elimination of page failures is nearly impossible.
However, this strategy has significantly reduced both the frequency and duration of page failures
in the system. This is attributed to the fact that the Smart Home system does not involve a large
number of mathematical calculations that constantly access the pages of the SVM system. After
the incorporation of the Operational Cache, the delay schedule of the entire system is presented
in Figure 10a for a duration of 32 seconds. Figure 10b shows the delay schedule of an individual
Raspberry Pi, represented separately from the overall graph in Figure 10, a.
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Figure 10. Schedule of delays with an "Operational cache":
(a) schedule of delays of the entire system in 32 seconds; (b) schedule of delays of rpi5 in 4 seconds

As depicted in Figure 10, the implementation of the "Operational Cache" resulted in a decrease
in the average page failure time from 15 milliseconds to 12 milliseconds. Furthermore, the
occurrence of very long page failures that previously took up to 65 milliseconds was completely
eliminated. This improvement in the system's performance led to an overall boost of up to 20%.

In conclusion, this paper introduces a Smart Home system based on a distributed virtual
memory SVM system that can maintain functionality during emergency situations even when one
or more devices, including the Smart Home's head unit, become disabled. The paper also presents
a method for integrating various commercially available devices into a unified SVM-based
computing system for Smart Home management. By utilizing "Thin Client" technology, this
approach enhances the convenience of using a Smart Home. Additionally, the paper discusses
how increasing the amount of RAM utilized by the SVM system's components can result in
improved performance for a Smart Home. Experimental tests involving data block and page
transfers between devices support this concept. The results demonstrate a reduction in the average
page failure time from 15 milliseconds to 12 milliseconds, with the elimination of very long page
failures that previously took up to 65 milliseconds. Consequently, the system's performance was
enhanced by more than 20%.

Future plans involve conducting experiments with a neural network as a caching algorithm, as
it is anticipated to further reduce the occurrence of page failures by accurately predicting page
requests.
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