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Abstract: In a world where data is increasingly important, distributed memory systems (DMS) are critical in the most advanced
applications, such as cloud computing, big data analysis, and HPC. Such systems allow scalability, high performance, and resilience by
distributing data and computing loads among many nodes. However, their decentralization poses great cybersecurity and data privacy
threats. It, therefore, seeks to look at some of the biggest threats to distributed memory systems. DDoS attacks, data breaches, insider
threats, and malware. It also gives broad ways to counter these risks and protect the data, from traditional encryption and MFA to the
most innovative technologies of Al & ML. The paper focuses on a predictive model for security and a layered approach to control risks

and protect data in distributed memory space.

Keywords: DMS, Cybersecurity, Data Privacy, Cloud Computing, Big Data Analytics, HPC, DDoS, Data Encryption, MFA, Al, ML, Zero
- Trust Architecture, Malware, Insider Threats, Sharding, and Compliance are critical factors that define the technological environment

1. Introduction

This has led organizations towards DMS because of the
amount of data being generated and processed and the ever -
increasing ever increasing complexities of various
computational tasks. They lay the foundation of different
types of cloud computing services, big data solutions, and
HPC systems that provide an efficient solution for handling
large datasets. Several organizational benefits can be
associated with distributed memory systems, such as
scalability, fault tolerance and high - performance levels.

Machine
Learning

Big Data
—— _,_.-/

However, they also present severe cybersecurity and data
privacy threats because of their inherent architecture and the
need for communication between the multiple nodes that can
be geographically distributed.

The research in the present paper focuses on cybersecurity
and the integration of distributed memory systems and
presents a complex strategy for their protection and data
security. This strategy allows organizations to thwart threats
via security technologies like Artificial Intelligence (Al),
Machine Learning (ML), and Zero - Trust Architecture.

“Artificial
Intelliggnce

Figure 1: Relationship between deep learning and other related hot topics.

Cybersecurity Threats in Distributed Memory Systems

Table 1: Major Cyber Threats to Distributed Memory Systems

Potential Impact

traffic.

Cybersecurity i
Threat Description
Overwhelms the
DDoS Attacks |system with excessive

Service disruption,
system failure,
cascading node failures.

Data Breaches

Unauthorized access to
data stored on
distributed nodes.

Data loss, financial loss,
reputational damage,
regulatory penalties.

MITM Attacks

Interception of
communication
between nodes.

Data theft, fraud,
confidentiality breaches.

Insider Threats

Malicious or
unintentional actions
by trusted users.

Data exposure,
operational disruption,
financial losses.

Malware
Insertion

Malware spreads
across nodes, infecting
the system.

Data corruption, system
downtime, operational
failures.
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Distributed Denial of Service (DDoS) Attacks

A common form of such assaults is the Distributed Denial of
Service (DDoS), where the system is oversaturated with a
significantly large number of traffic that the usual functioning
is affected (Fowler et al., 2011). This type of attack is most
effective in the distributed memory system since the
architecture of the system covers a wide area of opportunities
for an attacker. The application layer does not have an
adequate defence mechanism, while attackers seek instances
of vulnerability in the system's network topology to flood
certain nodes or detect botnets. This makes the system
congested and denies access to all the genuine users who want
to access data and services, which seriously affects the
system's performance.

PaaS providers, including AWS, Microsoft Azure, and
Google Cloud, will likely be affected by DDoS attacks
because they rely on DMS to deliver scalable and demand -
based services. In these environments, a DDoS attack that
directs multiple nodes can disrupt overall services and affect
many users, which may result in considerable service
unavailability. While it is possible to scale these platforms to
cope with such a workload, attacks of such kind will impact
multiple aspects of the system as the attackers will be able to
direct traffic to numerous components of the system all at
once.

DDosS attacks in distributed systems present one of the major
challenges, which is failure escalation. Sometimes, one node
or a group of nodes can become congested, and the traffic
overload can affect the other parts of the system and its nodes.
This leads to an effect that extends the attack to the rest of the
system, making its removal or recovery difficult and time -
consuming (Lov¢i, 2019). Sometimes, adversaries can focus
on key parts like load balancers or database servers,
worsening the situation.

To counter these attacks, distributed systems require
immunity against DDoS attacks. By practicing traffic
filtering, rate limiting, and load balancing, the load on any
single node can be reduced because the traffic can be spread
more evenly across the system. Since using cloud services,
cloud providers have developed enhanced DDoS protection
services that continuously analyze traffic and prevent any
dangerous activity from penetrating the system. However, as
the DDoS attacks become more and more complex, the only
option is to monitor the systems and responses and implement
adaptive defence methods.

Along with these drives, response strategies need to be
developed. They include self - learning systems that can
identify when a DDoS attack occurs and take necessary
measures such as rerouting traffic, isolating the affected
nodes, or even temporarily increasing the capacity to address
the traffic. Organizations also require DDoS testing to
determine how the system will perform when under extremely
heavy loads and when an actual attack occurs (Zargar et al.,
2013).

Table 2: Key DDoS Mitigation Strategies
Mitigation Strategy Description
Traffic Filtering & Rate Filters out excessive traffic and
Limiting limits the rate of incoming requests.
Distributes traffic across multiple
nodes to avoid overloading any
single node.

Cloud - based services that
automatically detect and block
malicious traffic.

Scales up resources and isolates
affected nodes during an attack.

Load Balancing

DDoS Protection Services

Automated Response
Systems

2. Data Breaches

It has been seen that distributed memory systems are
vulnerable to data breaches because data is stored in multiple
nodes (Luo et al., 2014). In such systems, people copy data
and distribute them geographically making it easier for a
possible security breach to occur. One unwell or ill -
mannered node may provide access to plugins that unleash
unauthorized access to the data. Inside the network, the
attackers can navigate to other nodes and spread the infection,
thus threatening the network’s data integrity.

Data breaches are a major concern in distributed memory
systems because it becomes very hard to identify and address
the problem as it occurs. When data is spread across different
points, it is difficult to supervise all the parts simultaneously
and identify any sign suggesting a violation. An attack can be
made on this challenge by attacking weak nodes or through
phishing tricks for information on the network. When a
breach happens, having data distributed across the system
means that the impact is even bigger since the attacker might
have access to many data located in different data stores of
the system.

For breaching data protection laws such as GDPR and CCPA,
the consequences may involve monetary losses, damage to
reputation, and legal fines (Helman, 2018). The consequences
of such acts are ordinarily fatal in organizations possessing
delicate information, like financial institutions or healthcare
organizations; in addition, since these systems are distributed,
it becomes difficult to limit the attack as the attackers can
access the backups or replicated data.

As in any other distributed memory system, each node must
be well - secured to prevent unauthorized access. User data is
most vulnerable to attacks, so organizations’ systems should
use encryption, MFA, and access controls to prevent
unauthorized access to any data level. Security assessments
should also be conducted periodically to check for any
vulnerabilities within the system; this is important before the
attackers exploit them. The given practices can be
implemented to enhance the security of distributed memory
parallel systems.

Detection speed and ways to react to the incident are essential
to preventing damage from data breaches. Organizations
dedicate resources to better monitoring platforms capable of
identifying potential threats in branched - out nodes and
initiating measures as soon as possible. Effective incident
response teams must be supplied with prearranged guidelines
for containing the affected nodes and commencing recovery
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measures to alleviate data losses while continuing business
operations (Abdalla & Esmail, 2018).

Distributed DW
Architecture

Figure 2: Distributed Data Storage

3. Man - in - the - Middle (MITM) Attacks

Man - in - the - middle (MITM) attacks will likely occur in
distributed memory systems because of the communication
volume needed between nodes to finish tasks (Kang et al.,
2018). A classic example of the MITM attack is where the
attacker monitors communication between two parties
without the consent of either of them. The above attack is
devastating, as many nodes interconnect to form a large
distributed network to exchange important information such
as credentials, transactions, or confidential information
among nodes.

One of the main risks the perpetrator uses in MITM attacks is
the absence of encryption in connection. If this
communication is not adequately secured, the attackers are
confined to monitoring this data flow. Sometimes, the
attacker can manipulate the transmission and insert a virus or
change some parameters, which may damage the system.
These attacks are devastating because the communication
session usually resembles normal communication between
the two parties.

MITM attacks pose a significant risk to the functionality of
distributed memory systems, particularly where sensitive data
is being analyzed (Stewin, 2015). For example, in financial
systems, attackers can corrupt or capture payment data,
resulting in fraud or unauthorized access. In health care and
government systems, MITM attacks could lead to privacy
Violations coupled with legal implications since people’s
information is at stake. In distributed systems, the
decentralized increases the risk since the attacker has several
avenues to exploit.

To prevent MITM attacks, the transference of data must be
encrypted. Employing proper encryption methods,
particularly Transport Layer Security (TLS), makes taping
into nodes’ communications impossible (Parmar & Gosai,
2015). They also differentiate between end - to - end
encryption (E2EE), which provides added layers of security
in that the attacker cannot use the information even if he
intercepts it in transit.

Organizations should also adopt secure key management so
that attackers cannot access the keys used in the encryption
process (Zhou et al., 2013). Further measures such as MFA
and PKI may also improve the situation. Daily and weekly
security audits or scanning and monitoring of the network
may also assist in identifying MITM attacks in the initial
stages. This helps the organization immediately deny the
attacker’s access and organize the impact of such attacks.

Thus, these precautions ensure that organizations minimize
instances of MITM attacks.

Y .
a X
User Web Application
]
e
Perpetrator

Man in the middle

Figure 3: Man in the middle attack example
4. Insider Threats

This makes insiders a very complex problem in the security
of distributed memory systems since the insiders, unlike
outsiders, are trusted personnel (Kandias et al., 2013). These
threats can include insider - threatening actors, those who
misuse the system for personal benefits, and greedy people
who malfunction by mistake. As the size of the distributed
memory system increases, more and more individuals can
access highly sensitive information and the system's critical
components, making it potentially vulnerable to insider
attacks. These systems are distributed in nature, thus making
it easier to oversee all actions; hence, insiders get more
chances to take advantage of vulnerabilities without being
seen.

An Internal user, understanding the system'’s architecture and
all the loopholes, can wreak havoc by gaining access to, say,
confidential information. For instance, employees could use
their login credentials to steal, sabotage, or sell the
information to other parties. Since insiders already have these
permissions to access some sensitive parts of the system, they
may perform malicious activities that go unnoticed for a long
time. This makes insider threats especially damaging since
privileges given to the user will not alert the security program
to possible hanky - panky (Levi, 2016).

There are also unintentional inside threats that are just as
lethal. These happen when users with legitimate access to the
resources unintentionally compromise the sec of the system
due to dangerous acts, violation of policies and acceptable
use, for example, using a simple or re - used password which
can be guessed, forwarding emails with attachments from
unknown sources and mishandling classified information. In
distributed memory systems, insiders can have a single error,
enabling other outside attackers to exploit these
vulnerabilities and gain full access to the system. Data is
present on any node; therefore, an exposure at one node can
lead to data exposure in the entire network, making it arduous
to completely remediate data once it has been exposed (Aceto
et al., 2018).

Organizations must use approved access control to prevent
insider threats, conduct audits and monitor user activities
(Baracaldo & Joshi, 2013). Access control based on the
person's job responsibilities and the principle of least
privilege is useful in reducing the exposure of unauthorized
people to some parts of the system. Moreover, analysis of user
interactions with the system in real - time and logs collection
from all the system nodes can highlight behaviors that look
like insider threats, including data tampering or access (Liu et
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al., 2018). Last but not least, comprehensive training
programs and security awareness programs can minimize the
chances of accidental leakage from the employees as all of
them are made aware of the security measures and precautions
required to prevent Ito.

DIFFERENT INSIDER THREATS

Lone wolves

Figure 4: Insider Threats in Cyber Security
5. Malware Insertion

Malware is a major threat to DMS because of its
interconnected operation mode (Stewin & Bystrov, 2013).
Malware inserted into one of the nodes can easily spread
throughout the remainder of the nodes, corrupt the
information, and negatively affect the system's functionality.
In distributed systems, the structure is inherently
decentralized, and the malware disseminates through the
communication pathways between the nodes, making them
harder to contain or detect. Due to the transfer of massive data
between the nodes and the inter - node communications, this
malware can use these openings to spread from one part of the
system to the other, causing numerous operations
interferences.

Malware can get into a distributed memory system, for
example, through a security hole in the distributed memory
software and compromised security policies (Schwarz et al.,
2017). For this reason, attackers have realized that it's easier
to slip into the system through unpatched software bugs or
older components that have not been updated. Sometimes,
malware is brought in by internal personnel after getting the
login credential details or when the infected files are installed
in the organization. Mainly, the distributed memory systems
used in critical sectors like healthcare and finance are at a high
risk of malware attacks because the loss or corruption of data
in such critical environments leads to serious consequences
like financial losses, service interruption, or the violation of
data privacy authorities.

Once the malware is installed in the distributed memory
system, it can engage in various undesired activities. For
example, ransomware can encrypt important information at
multiple nodes and make it inaccessible to users until the
attackers receive a ransom. Spyware can sneak into the
background of a system and, without permission, transfer
sensitive details like username, password, or any other
confidential detail and transfer it to the attacker. Furthermore,
malware can be intended to cause system downtimes, for
instance, overloading nodes, erasing crucial files or even
corrupting information; these lead to wvast losses in
organizational downtimes and many efforts to reverse the
situation (Nguyen, 2013).

Because distributed memory systems are susceptible to
malware attacks, the systems must employ strong protective
measures such as appropriate detection tools and adequate
security checkups (Zheng & Namin, 2019). Security
appliances, firewalls, and other security tools like anti -
malware applications, network IDS, and IPS can block the
spread of malware in each node. Another extremely important
discipline is the timely update of the utilized software and
patch management, as this helps eliminate other known
vulnerabilities that malware can use. Moreover, the network
segmentation process and the sandbox can help separate the
potentially infected nodes, minimizing the possibility of
expanding the malware across the whole network and its
consequences (Mahboubi et al., 2017).

Table 3: Malware Defense Techniques in Distributed
Memory Systems

Malware Defense

Strategy Description
Anti - Malware Monitors and detects malware across
Software distributed nodes.

Intrusion Detection
& Prevention
Systems (IDS/IPS)

Patch Management

Detects and blocks malicious activities in
real - time.

Regularly updates software to close
vulnerabilities that malware could exploit.
Isolates nodes to prevent malware from
spreading throughout the system.

Tests  suspicious files in isolated
environments before introducing them to
live systems.

Network
Segmentation

Sandboxing

6. Comprehensive Strategies for Handling
Cyber Threats and Ensuring Data Privacy

1) Data Encryption

To date, data encryption remains an effective method of

protecting sensitive information. Distributed memory entails

data encryption while in storage and transit; even if the
attacker gains possession of the data, they cannot use it since
they do not possess the encryption keys.

o Data at Rest: When data is partitioned across multiple
nodes, it must be encrypted utilizing algorithms such as
Advanced Encryption Standard—256. If a node is under
the attacker's control, the data is not understandable
without decryption keys.

« Data in Transit: Data sharing is to be third - party secure,
and the transfer of data between nodes is to be encrypted
by transport layer security protocol. This eliminates the
chances of attackers intercepting data because, in case
they do, they are unable to understand it.

e End - to - End Encryption (E2EE): E2EE ensures that
data is encrypted the whole time it is in transit, from the
source node to the destination. This technique ensures that
no party other than the two nodes can access the
information, even in transit.

In the realm of distributed memory systems, the
implementation of decentralized storage solutions has
become increasingly critical for ensuring data control and
privacy. Recent work on blockchain technologies,
particularly  Zero Knowledge Blockchain  Rollups,
demonstrates a promising approach to enhance data security
and efficiency in distributed environments. By utilizing
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blockchain for decentralized storage, these techniques offer
improved data integrity and resilience against unauthorized
access, making them well - suited for protecting sensitive
information in distributed systems.

Furthermore, contributions to blockchain gaming and the
development of quantum - safe algorithms highlight the
potential of integrating advanced cryptographic methods into
distributed memory systems. This innovative approach
emphasizes not only securing data but also optimizing system
performance by leveraging  blockchain's  inherent
transparency and immutability. As organizations continue to
adopt distributed systems, incorporating blockchain - based
solutions could significantly mitigate cybersecurity risks and
streamline data privacy compliance.
2) Restrictions and Multi - Factor Authentication
(MFA)

Authorization forms an important aspect of distributed
memory systems since it regulates the operations of the
memory system and who has access to the various resources
and data (Agarwal & Wenisch, 2017). Due to the
decentralized structure of these systems and the numerous
nodes and users possible, it is critical to identify all possible
methods for decreasing user access to material containing
such permissions. Another security model, called Role -
Based Access Control, or RBAC, is used in many
organizations to grant access rights according to the user's
position in the company. RBAC minimizes the risk of
violating users' access rights because it allows access only to
the data and resources needed for job fulfilment.

RBAC also restricts access and provides finer control over the
system resources. For instance, a user in charge of a particular
database may only be authorized to modify system settings
but cannot access customers' data (Aftab et al., 2019. By
reviewing such aspects as the role of a specific employee and
their permissions on the particular data type, the organization
can reduce the possibility of sharing data accidentally or on
purpose. This becomes more applicable in distributed
memory environments where the data may be distributed in
nodes, and the users may have different end access privileges.
Multi - factor authentication (MFA) enhances the
authentication process by demanding the user provide another
or another form of identification to gain access to the system
(Ometov et al., 2018). This normally comprises what the user
chooses, for instance, password, what the user possesses, ne -
use code or what the user is, for example, biometric features.
This is important in distributed memory systems where the
access points could be located in different geographical
regions. Therefore, MFA offers a strong layer of protection
by minimizing the danger of stolen or compromised
authentications.

With the use of RBAC and MFA together, organizations will
be able to establish a more secure access control mechanism
that will restrict the interaction with sensitive data and
resources while only allowing access to the other sections of
the system to those users who have been granted the
authorization to do so. These measures work to prevent
intrusion into the distributed memory systems while at the
same time isolating the insiders from the sensitive

information in case they decide to leak it to external parties

(Alneyadi et al., 2016).
T\ /W
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Figure 5: Issues and challenges in MFA implementation
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3) Data Segmentation and Sharding

Data partitioning and scattering are two remarkable strategies
for hiding sensitive information in distributed memory space
(Zhang et al., 2015). If the data are partitioned into several
sub - datasets that are completely independent of each other,
then the impact of the leakage will be controlled. In data
fragmentation, information that needs to be safeguarded is
partitioned into segments and distributed in different nodes.
Despite the case in the event of a security breach, the attacker
could only get part of the data, and it would not be easy to
reassemble the whole data set to minimize exposure.

Sharding is another effective method, especially for large -
scale distribution systems dealing with large amounts of data.
Sharding is a process by which the database is partitioned into
several shards independent of one another and located on
different nodes. Each shard contains limited information
about the overall dataset. The data must be reconstructed by
combining the shards, while the system requires the right
encryption keys to do the same. This means even if the
attacker gets a shard; they can only access the entire database
by messing up several nodes. Sharding increases security
measures, as explained above, and increases the performance
and scaling of distributed memory systems.

Apart from enhancing security, knowledge of shards and
segments enables the provision of data redundancy and
availability (Stevic et al.,, 2015). By dividing data,
organizations can be assured that even if some nodes are
down, it is still possible to retrieve data. Such a design is very
important in distributed systems where availability and
performance are paramount. In case of a node failure, that is,
failure of a particular node to operate, other nodes extract the
data from the failed node, and the system's operation
continues without data loss.

Data segmentation with a sharding component added can be
an effective security measure combined with encryption
(Afra, 2019). Division segments or shards imply that each
segment is encrypted, so even if a hacker gets hold of one
segment, he cannot access others. This tiered approach to
developing data security significantly lowers the overall risk
of a breach and substantially complicates such adversaries'
attempts in distributed memory systems.
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Message-Queue Model

Figure 6: Sharding vs Partitioning

4) Network Security and Firewalls

Due to data transmission and communication between nodes
in the distributed memory system, security is a main concern
in such systems. Therefore, to protect the networks from
unauthorized access, Organizations must put strong network
safeguards like Firewalls, VPNs, and security groups in place.
The first protection element is firewalls, which are limits that
separate incoming and outgoing traffic based on security
parameters. Firewalls can also be set, thereby regulating
traffic flow within nodes of the distributed memory systems
to allow only authorized communication between the various
parts of the system.

Other forms of structural security include using firewalls and
security groups in the network to separate the system into
different compartments to prevent offenders from moving
around the network. For example, nodes containing crucial
information can be located in security compartments to which
only particular users or programs can access. This
segmentation aids in minimizing the exposure of used
information and assets and reducing the network's exposure
in the distributed environment. Segmentation minimizes the
attacker's access points and stops them from moving around
the network "In the event of a breach.... "

Another interesting aspect of distributed nodes'
communication is the element of virtual private networks
(VPNSs), which enhance data protection through encryption
(Lackorzynski et al., 2019). VPNs are ideal for creating
secure pathways over insecure networks where attackers can
easily interrupt or forge data exchanges between two nodes.
This is especially so in distributed memory symptoms where
the nodes are spread out geographically, and nodes'
communications are typically routed through the internet.
VPNs encrypt data at the network level, thus providing data
security and ensuring secure node - to - node
communications.

When used with firewalls and VPNSs, organizations need to
incorporate IDS/IPS for traffic analysis and the identification
of intrusions (Stewart, 2013). These systems study traffic
characteristics and search for increased traffic volume or
violation of access permissions. IDS/IPS can stop such an
invasion and notify the security personnel about it so that they
can counteract it promptly. These network security measures,
if put into practice, would help organizations design a
distributed memory system that is highly secure from outside
threats.
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Figure 7: Network Security

5) Zero - Trust Architecture

ZTA, or Zero - Trust Architecture, is the new framework
considered to displace other security models where no
identity evidence or location is trusted by default. This
contrasts with the typical security models that always
presume that the internal systems and users are reliable. In
distributed memory systems, where data and processing
nodes may be located in different geographical areas, the Zero
- Trust model guarantees that security will not be threatened
even if a certain section within the distributed system has been
compromised. The basic premise of ZTA is that each access
request from a user or machine must be strictly checked and
authenticated before any access is granted (Newhouse et al.,
2017).

One of the main elements of ZTA is its continuous
verification. The system must check permissions whenever a
user or a device needs to access information or any other
resource. This approach is useful in that even if the node or
user is attacked and controlled, they will only be able to
access the resources they have full permission to access,
hence containing the attack. Continuous verification also
involves checking the user's activity patterns that may
indicate a security breach, thus improving the system's
defences. This proactive and dynamic access control method
enables organizations to control the threats that are taking
place at present.

Micro - segmentation is another facet of ZTA, which will be
discussed in detail below. In distributed memory systems,
micro - segmentation fragments the network into small
segments defined for access control. This segmentation
controls the degree to which one segment can communicate
with another. Thus, the extent of the harm an attacker can
cause if they enter any segment is minimized. This means that
if an attacker gains control over a particular node or some
nodes, they remain limited to that part of the network and
cannot easily transfer to the other parts. It is a very useful
strategy in distributed systems because of the information
often contained in a distributed system, which is usually
sensitive and spread across the system's nodes.

Successfully adopting Zero - Trust Architecture in distributed
memory systems requires the following approaches: Identity,
Encrypted, and Monitor. Organizations must implement MFA
and key management best practices to diminish the risks of
unauthorized access. Furthermore, the system must include
comprehensive logging and monitoring mechanisms to record
all the access attempts to detect unusual activity. This
approach enhances the security of the distributed memory
systems, for no prior trust is given, and every access request
is checked for genuineness.
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Figure 8: Zero Trust Architecture (ZTA).

6) Regular Security Audits and Vulnerability Scanning
Systems running distributed memory applications must
undergo routine security checks and vulnerability
assessments. Because as these systems grow and develop,
new threats and exposures can appear, so organizations need
to reconsider their security environment periodically.
Security audits are processes through which general, system -
specific documents, standards and regulations are checked
against the system’s policies, configuration and practices.
These audits are useful to define areas where threats and
vulnerabilities may affect the system and to determine
whether it complies with the legal provisions and the
organization’s security guidelines (Bozkus Kahyaoglu &
Caliyurt, 2018).

Of all the versions of security audits, Penetration Testing is a
real attack on the organized system because it involves
imitation of an actual attack. As organizations accept using
ethical hackers or automated tools to test the system’s
defences, they will be able to identify the loopholes that
hackers can exploit. By doing this, the vulnerabilities are dealt
with before they can be exploited in real attacks, making the
systems used in distributed memory secure. Penetration
testing should be conducted regularly, and environments are
constantly changing. For example, in the case of distributed
memory systems where nodes and services are frequently
introduced, tested penetration should be more frequent.

It is combined with penetration testing whereby instead of
using a human to try to crack into the system, automated tools
are used to scan the system for known vulnerabilities at
regularly specified intervals (Brooks, 2019). These scanners
help detect which nodes have outdated software, are
configured wrong or have some security flaws. The problem
with having distributed memory is seen in the fact that all
nodes need to be updated and properly configured; however,
vulnerability scanning proves useful because it does not allow
for a single component to be left unchecked. Software may
provide and compile daily reports, citing identified risks and
suggestions for their elimination so that the organization
could make prioritization can prioritize them.

When done in parallel, security audits, penetration tests,
checks, and vulnerability scanning give an organization a
holistic view of the security situation. Organizations can
effectively protect distributed memory systems through
periodic assessment and scrutiny of the system for emerging
threats. This is an important continuous learning process on
the continually changing nature of threats in cyberspace to
maintain security in compound distributed systems where
several security nodes spread over various geographical
locations are inevitable (Malik & Choudhury, 2019).
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7) Data Anonymization and Tokenization

Some of the methods that help secure information in
distributed memory include data anonymization and
tokenization, especially when the flow of information is
compelled by the GDPR and CCPA regulations.
Anonymization is deleting or misplacing the information that
makes the data identifiable, thus making the data non -
traceable. Organizations dealing with massive quantities of
personal information should find this technique valuable
because, even if data is leaked, no information can be traced
back to specific individuals (Xu et al., 2014).

Anonymization is common in sectors that process large
amounts of personal information, like health and finance.
That way, organizations can remove PIl from datasets before
they are stored or processed while still conducting analysis
and generating reports. Distributed memory systems storing
data across various nodes and regions use anonymization as it
guarantees that no one’s data can ever be leaked, even if
multiple nodes are attacked.

Another data security method is tokenization, where sensitive
information is exchanged for tokens without value outside the
security system. For instance, credit card account numbers
can be replaced by meaningful tokens only in the payment
processing system. The nature of the tokenized data makes it
impossible for an attacker to reverse - engineer it to get the
initial data, even if he intercepts or hacks into them.
Tokenization finds its application in organizations involved
in data handling areas, especially financial ones like credit
card firms and banking systems.

Anonymization helps to fit an organization to the various
regulations that govern the use of data, while tokenization
maps out the sensitive data to remove or replace it. These are
used mainly in Distributed memory systems whereby the data
is located in different nodes and is moved from one location
to another. Anonymizing or tokenizing the data before it is
shared across nodes also helps further reduce exposure in the
case of a breach. These methods are important, especially
when dealing with regulating bodies, and the organization has
to ensure that data privacy is maintained in a distributed
computer network system (Kshetri, 2013).
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8) Patch Management and Software Updates

The constant patching and software updates are notable ways
of ensuring the security and stability of distributed memory
systems (Hosek & Cadar, 2013). Vendors deploy patching
and update mechanisms when new weaknesses are identified
in the software, operating system, and applications. In
distributed systems where different nodes are running the
other software instances, it is necessary to synchronize all the
nodes to diminish the risk of attackers' penetration. Utilizing
known weak utilization lure to patch allows for vulnerable
points that hackers can exploit and compromise the system
further.

Automated patch management systems are most helpful in
distributed memory environments, as individual patching of
each node is almost impractical. This ensures that every node
is included in updating its information, reducing the
likelihood of a vulnerability being exploited. These systems
can also plan how the updates should be done at certain times
when they will not cause much of a hiccup within the systems
again to avoid issues with the security patch. Automated
patching also aids in uniformity applied in the system to
prevent some nodes from being patched.

Besides the frequent automated patch management, a record
of all the software running in an organization's distribution
must be recorded (Dey et al., 2015). This inventory enables
the security teams to know the software versions deployed on
which node or nodes, together with those that need updating.
Patch management should be done systematically regarding
the components discovered by the Vulnerability Scanners,
and the checks should be carried out so that any missing
patches cause alarms to be raised. This approach is
particularly relevant at the nodes in a distributed memory
system where nodes are dynamically inserted or withdrawn,
and tracking software changes is tiresome.

Software updates are about fixing problems, covering
performance improvements and new features that help
strengthen a system's security. For example, the latest releases
might have tighter encoding algorithms or enhanced login
procedures to maintain the system's mechanisms against
violation attempts. Thus, organizations can reap these
software updates and protect their distributed memory
systems from these emergent threats. Updating and patching
is one of the critical practices for ensuring a secure and strong
distributed infrastructural system (Edge, 2019).
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9) It is also a way of ensuring compliance with Data
Privacy Regulations.

Because distributed memory systems store and process
personal information, adhering to data protection laws like the
GDPR and CCPA is critical for organizations. These
organizations have the maximum gathering and organization
of personal data, and non - compliance attracts severe fines
and reputational loss (Mulugeta, 2016). Maintaining
compliance is especially problematic in distributed systems
because data may be collected and stored in various nodes and
locations and, therefore, regulated by rights of different legal
statuses.

A major compliance program component is having rigorous
Data Handling Policies set and implemented. Such policies
must define how personal data is gathered, to whom it is
accessible, and how it will be stored and transferred within a
distributed memory system. Data access is another challenge
that organizations should employ to allow restricted access to
the data. This practice requires initial and continuous audits
and monitoring to ensure that subsequent practices meet the
regulations' thresholds and that any lapses are corrected.

Data minimization is another imitation that complies with
compliance with privacy regulations. It is recommended that
organizations should only organize personal data insofar as it
is needed to accomplish organizational tasks. The
organization uses the amount of data stored in distributed
systems to minimize leakage risks. Data minimization is also
justthe GDPR principle of data minimization, which specifies
that personal data must only be processed in an adequate,
relevant, and limited manner to the intended purpose for
processing.

Organizations must also implement mechanisms to enforce
the requirements, including encryption, anonymization, and
tokenization (Small, 2019). These safeguard personal data
from its acquisition to storage and processing. Other control
measures and consistent assessments can help an organization
adhere to standards and avoid costly breaches, fines, or
penalties. About Legal compliance, especially in DMSS, is
constantly being exercised due to changes in laws and
regulations.
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10) Resilience and Recovery Planning

The concepts of resilience and recovery are critical to
managing distributed memory systems and maintaining their
operation and integrity in the wake of adverse events, which
could include cyberattacks, hardware malfunctions, or natural
disasters. The ability of distributed systems to rapidly recover
and quickly provision services with little or no data
unavailability is called resilience. The basis of this resistance
is a sound disaster back and recovery plan to enable systems
to recover data and functions from preservation sites away
from potential vulnerability zones, thus reducing the effects
of data leakage or damage.

Regular Backups are among the most important tools
allowing distributed systems to recover from failures
(Colman - Meixner et al., 2016). Data needs to be backed up
relatively frequently, with more emphasis placed on the
system'’s critical parts and confidential data. For backups, it is
also necessary for distributed memory systems to address the
individual nodes and networks of these nodes. Mirrors should
be kept in separate rooms or different geographic regions of
cloud architecture to shield them from localized crises. A
tiered backup model whereby organizations take backups at
various times, with the more frequently backed up data being
critical, can greatly help in cases where data needs to be
restored.

Another is the Disaster Recovery Plan (DRP), which should
also be an advanced and detailed document designed for a
company strictly following the concept of business continuity
(Wey, 2019). The DRP specifies procedures to bring back
functionality in case of a system crash or cyberattack. It
should outline procedures for restoring the data in case of an
attack, managing failovers, and defining the recovery teams'
responsibilities. HA techniques, primary/secondary, hot,
warm, and cold standby, guarantee the continuity of important
services in the failure of a system. For distributed memory
systems, DRP must address strength and duplicate copies of
the same data in two or more nodes to guarantee the same
data's availability and recoverability. Periodic revision and
probably testing of the DRP is crucial for it to be reliable as
the system configuration changes and the threats associated
with the many systems.

Another important characteristic of a reliable Distributed
Memory System is data redundancy. Systems need multiple
copies of the data stored in various nodes, allowing the
systems to continue running if several nodes fail. Failure
detection should be incorporated in the design of distributed
systems, and they should be expected to transfer operations to
backup nodes seamlessly. Further to this, organizations
should consider having a way of synchronizing data that is
available at the different nodes with a view of ensuring that
the fresh data is the one that gets restored. This approach
reduces the amount of data loss experienced during data
storage or processing and enables the business to perform its
functions as planned.

Organizations should schedule health checks on their systems
to identify possible failures that may occur and hinder the
organization's normal functioning (Chassin & Loeb, 2013).
Using monitoring tools, one can see how the system works
and which elements need reinforcement to prevent issues that

may be potentially dangerous. Such a strategy helps
organizations avoid problems occurring in the first place,
thereby enhancing the security and reliability of DMs against
internal and external threats.

Table 4: Components of a Resilience and Recovery Plan
Component Description
Frequent backups of critical data stored
in secure, offsite locations.
Detailed procedures for data restoration
and failover strategies.
Maintains redundant copies of data
across multiple nodes to ensure
availability.

Monitors system health and detects
failures before they escalate.
Automatic switching to backup nodes to
prevent downtime.

Regular Backups

Disaster Recovery
Plan (DRP)

Data Redundancy

Real - Time
Monitoring

Failover Strategies

11) Identity and Access Management (I1AM)

IAM strategically protects distributed memory systems since
it guarantees authorized users work on specific data and
system resources (Spyra, 2019). Namely, distributed memory
systems are geographically spread across many locations and
allow for multiple points of access; therefore, it is essential to
have a centralized solution for managing such factors as user
identity and access rights. IAM solutions not only guarantee
that only the right individuals get a hold of the correct
resources but also put organizational security measures and
policies into practice, thus conforming to industrial standards
(Buecker et al., 2014).

Centralized IAM Solutions across distributed environments
can easily be adopted due to its capability of having a
centralized system of managing user authentication across all
the nodes in the system. Introducing centralized IAM systems
allows the implementation of uniform security standards for
all nodes and users via the network without regard to their
geographical location. This is particularly relevant to
distributed memory systems with several wusers and
permissions, as a large number of distributed architectures.
IAM centralized systems often support integration and
interaction with the directory services, MFA, and encryption.
Privileged Access Management (PAM) is a security solution
that arose on top of access control: the access to high -
privilege accounts, a breach of which may lead to severe
detriment to the system. PAM solutions offer solutions to
meet the least privilege principle since any privileged user is
granted access to particular assets only. Given that high -
privilege accounts or sensitive data may be distributed across
various nodes in a distributed memory system, proper
containment of such accounts is crucial for minimizing the
possibility of insider threats or unauthorized access. It is also
important to monitor an authorized user's session for any high
- risk activity, and PAM also allows for the ability to audit
this.

IAM systems can also improve user responsibility by
allowing every action in the distributed memory system to be
applied to a particular user or role. Such openness is vital for
identifying scam activities and guaranteeing all participants'
compliance with specific security guidelines. When used with
LOG and AUD tools, IAM can offer an impressive record of
all access attempts, changes made, and violations made to the
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system. It is especially useful to the responding units in their
investigations—Thus, minimizing the time a breaching
security event takes in an organization is crucial.

IAM can be updated with large distributed memory systems
to accommodate a new set of users, nodes, and services
(Carretero et al., 2018). IAM configurations should be revised
periodically to provide information on how they suit the
business and current legal demands. This includes ensuring
that the access privileges assigned to a given user are up - to
- date and relevant to the user's job description. Thus, it can
be stated that enhancing 1AM links secures clearance with the
efficiency and scalability of distributed memory systems in
organizations.

Table 5: IAM Solutions for Distributed Memory Systems

1AM Solution Description
Centralized IAM | Simplifies user authentication and access
Solutions management across all distributed nodes.
Privileged Access Controls and monitors access to high -
Management (PAM) privilege accounts.
. Logs all user actions to detect and
User Accountability investigate suspicious activities.
Flexible IAM Adapts to new users, nodes, and services
Configurations as the distributed system scales.

12) Secure Software Development Lifecycle (SSDLC)

It is important to note that to maintain and achieve a high level
of security, a Secure Software Development Lifecycle
(SSDLC) should be employed to incorporate security in every
aspect of the software developmental life cycle from the
developmental to the distribution stage. In distributed
memories, maintaining SSDLC guarantees that aspects of
security are considered from the onset, which helps avoid the
emergence of vulnerabilities in the system. SSDLC comprises
the following practices: Code review, threat modelling,
automated testing, and continuous integration and
deployment (CI/CD) practice, with security requirements and
checks integrated.

One of the most important activities of SSDLC is Code
Reviews and Auditing activities of the software. Static code
checks are carried out manually and using analyzers, which
aid in the early detection of security vulnerabilities, bugs, or
logical errors in code. Involving security experts in the code
review process enables an organization to determine if the
code meets the recommended security standards, thus
eliminating some common weaknesses, such as SQL injection
or buffer overflows. Tools for automated code review may be
used to search for existing vulnerabilities to identify and fix
insecure code before deployment. This is especially so in
distributed memory systems where a single error in the code
can affect several nodes, and the information obtained is
sensitive.

Threat Modeling is another imperative activity that needs to
be performed while carrying out SSDLC. It involves
identifying threats that may infringe on the system's security
and assessing the nature of the risk from the identified threats.
Threat modelling in distributed memory systems enables the
developers to have a foresight of the possible attack, hence
designing and developing appropriate defences for a system
with vulnerabilities to such an attack. For instance, threat
modelling will point to areas of weakness whereby an attacker

can disrupt a node or intercept the information flowing in the
network. By identifying the above risks at the design phase,
organizations will be better positioned to implement
improved distributed systems that adequately cope with
technologically advanced attack mechanisms.

Integrating security measures into the continuous integration
and development process makes security considerations part
of the development process and not an add - on feature (Khair,
2018). Tools like SAST and DAST, or the ones that belong to
their categories, can also be implemented in a CI/CD pipeline
to scan the code for vulnerabilities at different stages of
development. This particular type of testing makes it possible
for security flaws to be identified and dealt with if they are
present in the system. As code frequently gets changed and
deployed in the distributed memory systems, this continual
security assessment ensures that no new risks are inserted into
the live cluster.

However, implementing the SSDLC requires more than
technology control; the development teams need security
knowledge and awareness. Security awareness and
knowledge should be available so developers can be up - to -
date on new dangers and ways of handling them. By
cultivating this mentality, security becomes one of an
organization's key concerns. It ensures that every stage in
software development entails its memory systems being
effective and secure.

Table 6: Benefits of Secure Software Development
Lifecycle (SSDLC)
Benefit
Identifies security flaws early in
development, reducing the risk of
vulnerabilities.

Anticipates potential security threats at

the design stage, improving system

resilience.

Ensures that vulnerabilities are
continuously tested and fixed before
deployment.

Builds a security - first culture within
development teams.

SSDLC Practice

Code Reviews &
Auditing

Threat Modeling

CI/CD Pipeline with
Security Checks

Security Training for
Developers

13) Supply Chain Security

Supply chain security is becoming an issue of interest in
distributed memory systems since more companies depend on
third parties, software libraries, and other systems to build and
manage their supply chains. A supply chain attack happens in
the third party's software or hardware, enabling hackers to
infect systems other than the direct target. Due to the high
degree of indirection found in distributed memory systems,
application dependencies, and other third - party integrations,
guaranteeing the software supply chain's security becomes
critical to defending against potential hostile intrusions.

Third - party risk Management is one of USART's major
approaches to achieving supply chain security. Any entity an
organization interfaces with — software vendors, hardware
manufacturers, cloud services, and so on — must be evaluated
by its security (Dern, 2015). This includes security audits,
checking for the wvendor's security certifications and its
capacity to manage security breaching cases, among other
activities. The contracts signed with third parties should
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contain provisions for ensuring proper security and security
audits. Also, it requires admittance controls that restrict third
- party privileges to the specific assets in an organization that
are relevant to their activity.

Two more components of Secure Supply Chain are known as
Secure Software Supply Chain Practices. This includes using
trusted and relayed software libraries and frameworks and
safe updating and patching of third - party software. Malware
attacks which affect updates that are distributed in the supply
chain have negative impacts on distributed systems. To avoid
these risks, managers should ensure that their respective
organizations use procedures to validate code - signing before
deploying to the various networks. It also includes
daily/weekly/monthly scanning of third - party software to
constantly check to know if any vulnerabilities are found so
that they can be fixed immediately.

Another significant part of the supply chain security
considerations, or its integral part, involves visibility and
transparency (Sodhi & Tang, 2019). The third - party
components involved in implementing distributed memory
within the organization include libraries, frameworks and
hardware components; hence, the organization has to ensure
they have accurate records of all these components. This way,
it becomes easy for the security teams to notice any
components that may be compromised by a supply chain
attack and work towards containment. Further, an
organization should demand disclosure from their vendors
regarding security problems or breaches to take the necessary
measures.

Finally, threat actors should identify reaction protocols that
consider supply chain attacks. These plans should contain
measures to isolate an infected system, determine the cause of
the breach, and recover from an authentic backup.
Periodically practicing these plans facilitates responding to a
supply chain attack without compromising distributed
memory systems.
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14) Quantum Computing and Distributed Systems

Since quantum computing has yet to mature, researchers and
engineers still face emerging threats and opportunities to
implement distributed memory systems (Srivastava et al.,
2016). On the one hand, quantum computing is an innovative
data processing concept, implying the possibility of solving
many problems millions of times faster than classical
computers. Nevertheless, quantum computers challenge
certain forms of encryption like the RSA and the ECC
(Elliptic Curve Cryptography) since a quantum computer can
factor large numbers simultaneously. With the progression of
quantum computing, organizations have to start thinking
about what it means for distributed memory systems.

Table 7: Quantum Computing and Its Impact on Distributed
Systems Security

Topic Summary
Quantum computing offers potential for
Quant_um faster problem - solving but threatens
Computing & . .
Distributed traditional encryptlon_ metr_lod_s (e. 9.,
S RSA, ECC), impacting distributed
ystems

systems.

Organizations should invest in post -
quantum cryptography, which uses
algorithms resistant to quantum attacks,
to safeguard sensitive data in distributed
systems.

Developing quantum - safe algorithms for
optimization and security is crucial,
ensuring resistance to quantum - specific
attacks while improving system
performance.

QKD provides a theoretically
unbreakable encryption method, ensuring
secure key exchanges in distributed
memory systems, even against quantum -
based attacks.
Organizations must engage in continuous
research, collaborating with academic and
industry leaders to address emerging
guantum security challenges.

Post - Quantum
Cryptography

Quantum - Safe
Distributed
Algorithms

Quantum Key
Distribution

(QKD)

Security Research
& Innovation

Case Study: Cybersecurity in Distributed Memory
Systems — A Case of Cloud - Based Financial Services
Background

A case in point is FinCorp, a multinational financial services
firm that relies on DMS to support its massive data processing
requirements (Gomber et al., 2018). Every day, FinCorp
handles tens of millions of financial transactions across
several geo - locations, and to support this, the firm utilizes
distributed systems in cloud computing architecture. It offers
its customers banking and investment services, payment
services, and other related services, which are highly sensitive
and demand high availability and security. FinCorp has
implemented a hybrid cloud deployment strategy with AWS
and Azure, as well as private data centres for DMS to store
and manipulate data such as customer financial information,
payment records, and transaction logs.

Because FinCorp deals with sensitive data, protecting such
information is a major concern. The consequences of
violating this data include financial losses, fines for the
violation of legislation, such as GDPR and CCPA, and
damage to the business's image.

‘@U, <€ Global Secure Shield

Compul:x; S;curi(_\‘ T

> G

Data Protection

ilic”
B e
i

Mobile Security Security Padlock

Cybersecurity

= DU

| &=

Antivirus Firewall Online Privacy

Secure Payment

Figure 13: Essential elements of cybersecurity in financial
management.
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7. The Challenge

As a global organization, FinCorp faced several key
cybersecurity challenges: As a worldwide organization,
FinCorp faced several key cybersecurity challenges:

1) DDoS Attacks: In Detail, FinCore's Distributed memory
system was subjected to Distributed Denial of Service
(DDoS) attacks intended to overload the system and thus
cause service disruptions. This led to major downtime
and an interruption to services for millions of users in
different geophysical locations.

2) Data Breaches: Data duplication meant the data was
stored in multiple nodes and locations in the company's
structure. Failure of any of these nodes may represent
vulnerabilities to customer data in other nodes, hence
increasing the vulnerability of the whole network.

3) Insider Threats: The threats in FinCorp were insider
threats. Several employees had access to sensitive
information, and accidental or intentional data leakage
was likely to occur. For example, a subordinate can use
knowledge of the system and leak essential details to
competitors, or an inspector can misuse the information
by sharing it with a third party.

4) Malware: Multiple streams of Node. js applications at
the company's unit presented architecture distribution
issues for malware spread with potential impacts of data
corruption, loss, or unauthorized access at every linkage
of the network nodes.

5) Compliance: The financial institution was responsible
for adhering to multiple regulations, such as the GDPR
of the EU and the CCPA of the US. These regulations
prescribe certain standards for how customer data must
be managed and processed.

8. The Solution

To counter these difficulties, FinCorp established a
pragmatic, hierarchical, three - tiered security solution that
aims to eradicate threats, preserve data confidentiality, and
meet all regulatory requirements.

1) Mitigating DDoS Attacks

To protect its AWS and Azure environments from DDoS
attacks, FinCorp procured cloud - based DDoS prevention
services, which involved traffic analysis, filtering, and rate -
limiting services (Duan, 2019). Such services ensured that all
unwanted traffic was stopped in its tracks and did not get a
chance to access the company's servers. FinCorp also
incorporated load balancers to avoid overwhelming certain
components and ensure the traffic was well divided among
the different nodes.

The company deployed mechanisms like auto responder
capable of escalating resources in the event of a persisting
DDosS attack to allow other clients to access services (Scott
Sr & Summit, 2016). This eliminated the huge time that is
usually consumed when such attacks occur and their effect on
customers.

2) Preventing Data Breaches

To ensure that customer data was not compromised, FinCorp
used several measures, namely data encryption and the rest of
the data encryption in transit. AES - 256 encryption was

implemented for data at rest in all nodes to provide reasonable
security. Even if the enemy manages to get through a certain
node, he cannot read the data due to the encryption key. For
data in transit, the firm employed Transport Layer Security
(TLS) to encrypt and safeguard data transmission between
nodes in its network.

To minimize the risk of a data breach, the company utilized
authentication (MFA) and role - based access control (RBAC)
for the employees on the distributed system. These security
measures ensured that only authorized personnel could
retrieve organizational information and that any intrusion was
met with immediate investigation.

3) Mitigating Insider Threats

To protect against insider danger, FinCorp adopted intense
Role - Based Access Control, which made it mandatory that
people only access data fitting their work profile (Metoui,
2018). Furthermore, to detect and prevent the usage of
privileged accounts, FinCorp installed a Privileged Access
Management (PAM) solution. PAM enabled the company to
capture all activities performed by privileged users and alert
the company to any form of malicious activity or access
attempts.

In addition to monitoring system activity, security audits
conducted regularly provided FinCorp with insight into
possible insider threats. The employees were also put through
cybersecurity awareness programs to decrease the chances of
accidental leaks caused by carelessness, such as clicking on
links with phishing attacks or using bad passwords.

4) Combating Malware Propagation

Across FinCorp's disparate architecture, a multi - tiered
approach to malware mitigation was instituted, comprised of
antisocial tools, IDS, and IPS. The company also possessed
stringent patch management policies, whereby all nodes in the
distributed memory system were updated with the latest
patches.

Network segmentation was implemented to disconnect more
important nodes from less secure network parts. This ensured
that the rest of the system did not get infected if one node was
infected by malware. Further, sandboxing methodologies
were incorporated to analyze dubious files and traffic before
permitting them to be uploaded to the live stream.
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Figure 14: Web malware spread modelling and optimal
control strategies

5) Achieving Regulatory Compliance

To meet the GDPR, CCPA, and other regulations, FinCorp
used data anonymization and tokenization on the distributed
memory system (Thapliyal, 2016). First, P1I was stripped of
information whenever possible to preserve customers'
anonymity. Tokenization meant mining data to replace items
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like credit card numbers with tokens, and as much as data was
breached, the actual information could not be retrieved.

Another policy implemented at FinCorp was data
minimization, where the company only collected and stored
data relevant to its operations. This approach minimized the
company's exposure in the event of a breach and regulatory
compliance.

9. Outcome

Through these strategies, FinCorp was able to reduce the
effects of multiple cybersecurity hazards and protect the
security and confidentiality of its distributed memory
systems. The company was able to decrease the occurrence
and impact of DDoS attacks, thereby minimizing great
service disruption. Thus, by enabling encryption, access
control, and advanced monitoring, FinCorp remained free
from data leaks and internal threats; moreover, it successfully
protected itself against malware that could infect the system.
FinCorp ensured compliance with GDPR, CCPA, and other
data privacy laws to avoid fines and maintain customers' trust.
The company's business continuity and disaster management
strategies also enabled it to quickly and effectively respond to
system breakdowns or hacking threats, providing
uninterrupted service to its clients worldwide.

In this case, it becomes clear that a complex global approach
is required to protect data in distributed memory and prevent
cyber threats in today's diverse and complex environment.

10. Conclusion

Distributed memory systems are important in contemporary
data processing but have inherent security and privacy risks
owing to their structure. As a result, organizations have to
adopt a multifaceted approach to system security that
comprises data encryption, access controls, security audits,
and, among other things, Al and ML. In this way, the above -
listed strategies can help organizations reduce cyber threats
and protect the data in distributed memory to the maximum
extent. Protecting these systems calls for constant
surveillance, frequent software updates and the need to
preempt other emerging cyber threats.

With the increasing complexity of the distributed system,
more progress will be required in security models like 1AM,
SSDLC, supply chain security, and post - quantum
cryptography. When holistically applied, such new practices
will be invaluable in achieving the protection and privacy of
distributed memory systems in the future.

References

[1] Aceto, G., Botta, A., Marchetta, P., Persico, V., &
Pescapé, A. (2018). A comprehensive survey on internet
outages. Journal of Network and Computer Applications,
113, 36 - 63.

[2] Afra, W. M. (2019). Sharding as a Method of Data
Storage.

[3] Aftab, M. U., Qin, Z., Hundera, N. W., Ariyo, O., Zakria,
Son, N. T., & Dinh, T. V. (2019). Permission - based

separation of duty in dynamic role - based access control
model. Symmetry, 11 (5), 669.

[4] Agarwal, N., & Wenisch, T. F. (2017, April).
Thermostat: Application - transparent page management
for two - tiered main memory. In Proceedings of the
Twenty - Second International Conference on
Architectural Support for Programming Languages and
Operating Systems (pp.631 - 644).

[5] Alneyadi, S., Sithirasenan, E., & Muthukkumarasamy,
V. (2016). A survey on data leakage prevention systems.
Journal of Network and Computer Applications, 62, 137
- 152.

[6] Baracaldo, N., & Joshi, J. (2013). An adaptive risk
management and access control framework to mitigate
insider threats. Computers & Security, 39, 237 - 254,

[7] Bozkus Kahyaoglu, S., & Caliyurt, K. (2018). Cyber
security assurance process from the internal audit
perspective. Managerial auditing journal, 33 (4), 360 -
376.

[8] Brooks, T. N. (2019). Survey of automated vulnerability
detection and exploit generation techniques in cyber
reasoning  systems. In Intelligent  Computing:
Proceedings of the 2018 Computing Conference, Volume
2 (pp.1083 - 1102). Springer International Publishing.

[9] Buecker, A., Arunkumar, S., Blackshaw, B., Borrett, M.,
Brittenham, P., Flegr, J.,. .. & Vereecke, S. (2014). Using
the IBM Security Framework and IBM Security Blueprint
to Realize Business - Driven Security. IBM Redbooks.

[10] Carretero, J., 1zquierdo - Moreno, G., Vasile - Cabezas,
M., & Garcia - Blas, J. (2018). Federated identity
architecture of the European elD system. IEEE access, 6,
75302 - 75326.

[11]Chassin, M. R., & Loeb, J. M. (2013). High-reliability
health care: getting there from here. The Milbank
Quarterly, 91 (3), 459 - 490.

[12] Colman - Meixner, C., Develder, C., Tornatore, M., &
Mukherjee, B. (2016). A survey on resiliency techniques
in cloud computing infrastructures and applications.
IEEE Communications Surveys & Tutorials, 18 (3), 2244
- 2281.

[13]Dern, J. (2015). Embedded Software: Striving for
excellence in development. BoD - Books on Demand.
[14]Dey, D., Lahiri, A., & Zhang, G. (2015). Optimal policies
for security patch management. INFORMS Journal on

Computing, 27 (3), 462 - 477.

[15] Duan, Y. (2019). A New Sustainable Cloud Computing
Model for the Higher Education Sector in China
(Doctoral dissertation, Curtin University).

[16]Edge, P. (2019). Security in the software defined
networking infrastructure  (Doctoral dissertation,
University of Southern Queensland).

[17]Fowler, S., Zeadally, S., & Chilamkurti, N. (2011).
Impact of denial of service solutions on network quality
of service. Security and communication networks, 4 (10),
1089 - 1103.

[18] Gomber, P., Kauffman, R. J., Parker, C., & Weber, B. W.
(2018). On the fintech revolution: Interpreting the forces
of innovation, disruption, and transformation in financial
services. Journal of management information systems, 35
(1), 220 - 265.

[19]Helman, L. (2018). Pay for (privacy) performance:
Holding social network executives accountable for
breaches in data privacy protection. Brook. L. Rev., 84,

Volume 8 Issue 11, November 2019

WWW.iJsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR24918031411

DOI: https://dx.doi.org/10.21275/SR24918031411

2058


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

523. Abdalla, R., & Esmail, M. (2018). WebGIS for
disaster management and emergency response. Springer.

[20]Hosek, P., & Cadar, C. (2013, May). Safe software
updates via multi - version execution. In 2013 35th
International Conference on Software Engineering
(ICSE) (pp.612 - 621). IEEE.

[21] Kandias, M., Virvilis, N., & Gritzalis, D. (2013). The
insider threat in cloud computing. In Critical Information
Infrastructure Security: 6th International Workshop,
CRITIS 2011, Lucerne, Switzerland, September 8 - 9,
2011, Revised Selected Papers 6 (pp.93 - 103). Springer
Berlin Heidelberg.

[22] Kang, J. J., Fahd, K., & Venkatraman, S. (2018). Trusted
time - based verification model for automatic man - in -
the - middle attack detection in cybersecurity.
Cryptography, 2 (4), 38.

[23] Khair, M. A. (2018). Security - Centric Software
Development: Integrating Secure Coding Practices into
the Software Development Lifecycle. Technology &
Management Review, 3 (1), 12 - 26.

[24] Kshetri, N. (2013). Privacy and security issues in cloud
computing: The role of institutions and institutional
evolution. Telecommunications Policy, 37 (4 - 5), 372 -
386.

[25] Lackorzynski, T., Kopsell, S., & Strufe, T. (2019, May).
A comparative study on virtual private networks for
future industrial communication systems. In 2019 15th
IEEE International Workshop on Factory
Communication Systems (WFCS) (pp.1 - 8). IEEE.

[26]Levi, M. (2016). The phantom capitalists: The
organization and control of long - firm fraud. Routledge.

[27]Liu, L., De Vel, O., Han, Q. L., Zhang, J., & Xiang, Y.
(2018). Detecting and preventing cyber insider threats: A
survey. IEEE Communications Surveys & Tutorials, 20
(2), 1397 - 1417.

[28] Lov¢i, M. (2019). Automaticka klasifikace skodlivych
URL.

[29] Luo, Y., Govindan, S., Sharma, B., Santaniello, M.,
Meza, J., Kansal, A.,. . . & Mutlu, O. (2014, June).
Characterizing application memory error vulnerability to
optimize datacenter cost via heterogeneous - reliability
memory. In 2014 44th Annual IEEE/IFIP International
Conference on Dependable Systems and Networks
(pp.467 - 478). IEEE.

[30] Mahboubi, A., Camtepe, S., & Morarji, H. (2017). A
study on formal methods to generalize heterogeneous
mobile malware propagation and their impacts. IEEE
Access, 5, 27740 - 27756.

[31]Malik, J. K., & Choudhury, S. (2019). Cyber Space -
Evolution and Growth. East African Scholars Journal of
education, Humanities and Literature, 2 (3).

[32] Metoui, N. (2018). Privacy - aware risk - based access
control systems (Doctoral dissertation, University of
Trento).

[33]Mulugeta, B. M. (2016). Perceptions on an effective
Compliance Management System: An approach to
compliance with EU Data Regulations.

[34] Newhouse, W., Ekstrom, M., Finke, J., & Harriston, M.
(2017). Securing property management systems.

[35] Nguyen, B. (2013). Cloud and Internet Security: Security
Matters. Binh Nguyen.

[36] Ometov, A., Bezzateev, S., Mékitalo, N., Andreev, S.,
Mikkonen, T., & Koucheryavy, Y. (2018). Multi - factor
authentication: A survey. Cryptography, 2 (1), 1.

[37]Parmar, H., & Gosai, A. (2015). Analysis and study of
network security at transport layer. International Journal
of Computer Applications, 121 (13), 21604 - 4716.

[38] Schwarz, M., Weiser, S., Gruss, D., Maurice, C., &
Mangard, S. (2017). Malware guard extension: Using
SGX to conceal cache attacks. In Detection of Intrusions
and Malware, and Vulnerability Assessment: 14th
International Conference, DIMVA 2017, Bonn,
Germany, July 6 - 7, 2017, Proceedings 14 (pp.3 - 24).
Springer International Publishing.

[39] Scott Sr, J., & Summit, W. (2016). Rise of the machines:
The dyn attack was just a practice run december 2016.
Institute for Critical Infrastructure Technology,
Washington, DC, USA, 3, 9.

[40]Small, M. (2019, April). Big Data Analytics—Security
and Compliance Challenges in 2019. In Preuzeto sa
KuppingerCole  Report:  https:  //www.comforte.
com/fileadmin/Collateral/WP_KC_Security
and_Compliance_Challenges_in_2019. pdf Tth
International  Conference  “Law, Economy and
Management in Modern Ambience (Vol.135).

[41]Sodhi, M. S., & Tang, C. S. (2019). Research
opportunities in supply chain transparency. Production
and Operations Management, 28 (12), 2946 - 2959.

[42] Spyra, G. K. (2019). Embedded document security using
sticky policies and identity based encryption (Doctoral
dissertation).

[43] Srivastava, R., Choi, I., Cook, T., & Team, N. U. E.
(2016). The commercial prospects for quantum
computing. Networked Quantum Information
Technologies, 2018 - 10.

[44] Stevic, M. P., Milosavljevic, B., & Perisic, B. R. (2015).
Enhancing the management of unstructured data in e -
learning systems using MongoDB. Program, 49 (1), 91 -
114,

[45] Stewart, J. M. (2013). Network security, firewalls and
VPNs. Jones & Bartlett Publishers.

[46] Stewin, P. (2015). Detecting peripheral - based attacks
on the host memory. Springer International Publishing.

[47] Stewin, P., & Bystrov, I. (2013). Understanding DMA
malware. In Detection of Intrusions and Malware, and
Vulnerability Assessment: 9th International Conference,
DIMVA 2012, Heraklion, Crete, Greece, July 26 - 27,
2012, Revised Selected Papers 9 (pp.21 - 41). Springer
Berlin Heidelberg.

[48] Thapliyal, H. (2016). Unveiling the Past: Al - Powered
Historical Book Question Answering. Global journal of
Business and Integral Security.

[49]WEY, L. A. (2019). DISASTER RECOVERY
DATABASE BACKUP SYSTEM MODEL AND
BANKS’SURVIVAL (A CASE STUDY OF ZENITH
BANK PLC).

[50] Xu, L., Jiang, C., Wang, J., Yuan, J., & Ren, Y. (2014).
Information security in big data: privacy and data mining.
leee Access, 2, 1149 - 1176.

[51] Zargar, S. T., Joshi, J., & Tipper, D. (2013). A survey of
defense mechanisms against distributed denial of service
(DDoS) flooding attacks. IEEE communications surveys
& tutorials, 15 (4), 2046 - 2069.

Volume 8 Issue 11, November 2019

WWW.iJsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR24918031411

DOI: https://dx.doi.org/10.21275/SR24918031411

2059


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[52] Zhang, H., Chen, G., Ooi, B. C., Tan, K. L., & Zhang, M.
(2015). In - memory big data management and
processing: A survey. IEEE Transactions on Knowledge
and Data Engineering, 27 (7), 1920 - 1948.

[53] Zheng, J., & Namin, A. S. (2019). A survey on the
moving target defense strategies: An architectural
perspective. Journal of Computer Science and
Technology, 34, 207 - 233.

[54]10hm Patel, "Building Data Replication System
Replication System IPFS Nodes Cluster”, International
Journal of Science and Research (1JSR), Volume 8 Issue
12, December 2019, pp.2057 - 2069, https:
[hwww.ijsr.net/getabstract.
php?paperid=SR24708023552

[55] Zhou, Z., Han, J., Lin, Y. H., Perrig, A., & Gligor, V.
(2013). KISS: “key it simple and secure” corporate key
management. In Trust and Trustworthy Computing: 6th
International Conference, TRUST 2013, London, UK,
June 17 - 19, 2013. Proceedings 6 (pp.1 - 18). Springer
Berlin Heidelberg.

Volume 8 Issue 11, November 2019

WWW.iJsr.net
Licensed Under Creative Commons Attribution CC BY

Paper |D: SR24918031411 DOI: https://dx.doi.org/10.21275/SR24918031411

2060


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



