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Abst ract

Thi s docunent di scusses the use of Al technology and digital twn
technol ogy to automate the managenent of computer network resources
distributed across different locations. Digital tw n technol ogy

i nvol ves creating a virtual nodel of real-world physical objects or
processes, which is utilized to anal yze and optim ze conpl ex systens.
In a network digital twin, Al-based network nanagenent by automating
di stributed processing involves utilizing deep learning algorithnms to
anal yze network traffic, identify potential issues, and take
proactive neasures to prevent or mtigate those issues. Network

adm nistrators can efficiently manage and optinize their networks,

t her eby inproving network performance and reliability. Al-based

net wor k managenent, utilizing network digital tw n technol ogy, also
aids in optimzing network performance by identifying bottl enecks in
the network and automatically adjusting network settings to enhance

t hroughput and reduce | atency. By inplenenting Al-based network
managenent through automated distributed processing, organizations
can i nprove network performance, and reduce the need for manual

net wor k managenent tasks

Status of This Meno

01,

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 8 January 2026
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I nt roducti on

Due to industrial digitalization, the nunber of devices connected to
the network is increasing rapidly. As the nunber of devices

i ncreases, the anount of data that needs to be processed in the
network is increasing due to the interconnection between various
devi ces.

Exi sting network managenent was managed manual |y by admi ni strators/
operators, but network nmanagenent becomes conplicated, and the
possibility of network nal function increases, which can cause serious
damage.

Digital twinis a digital representation of an object of interest and
may require different capabilities (e.g., synchronization, real-tine
support) according to the specific domain of application [Y.4600].
Digital twin systens hel p organi zations inprove inportant functiona
obj ectives including real-time control, off-line analytics,

predi ctive mai ntenance by nodel ling and simulating of objects in the
real world. Therefore, it is inportant for a digital twin systemto
represent as much real -world informati on about the object as possible
when digitally representing the object.

Therefore, this docunment considers the configuration of systenms using
both digital twin technology and artificial intelligence (Al)
technol ogy for network managenent and operation, in order to adapt to
the dynam cal ly changi ng network environnent. In this regard, Al
technol ogies play a key role by maxim zing the utilization of network
resources. They achieve this by providing resource access contro

and optimal task distribution processing based on the characteristics
of nodes that offer network functions for network nanagenent

aut omati on and operation[l-D.irtf-nnrg-ai-chall enges].

Conventional Task Distributed Processing Techni ques and Probl ens
Chal | enges and Alternatives in Task Distributed Processing

Conventional Task Distributed Processing Techni ques refer to methods
and approaches used to distribute computational tasks anmong multiple
nodes in a network. These techniques are typically used in
distributed conputing environments to inprove the efficiency and
speed of processing | arge vol unes of data.

Sone conmon conventional techniques used in task distributed
processing include | oad bal anci ng, parallel processing, and

pi pelining. Load bal ancing involves distributing tasks across
multiple nodes in a way that minimzes the overall workload of each
node, while parallel processing involves dividing a single task into
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mul ti pl e sub-tasks that can be processed sinultaneously. Pipelining
i nvol ves breaking a task into smaller stages, with each stage being
processed by a different node.

However, conventional task distributed processing techniques al so
face several chall enges and problens. One of the nain challenges is
ensuring that tasks are distributed evenly anmong nodes, so that no
singl e node is overburdened while others remain idle. Another
chal | enge is managi ng the communi cati on between nodes, as this can
often be a bottleneck that sl ows down overall processing speed.
Additionally, fault tolerance and reliability can be problematic, as
a single node failure can disrupt the entire processi ng workfl ow.

To address these chall enges, new techni ques such as edge conputi ng,
and distributed deep | earning are bei ng devel oped and used i n nodern
di stributed conputing environments. The optinmal resource nust be

al | ocated according to the characteristics of the node that provides
the network function. Coud servers generally have nore powerful
performance. However, to transfer data fromthe [ ocal machine to the
cloud, it is necessary to nove across nultiple access networks, and
it takes high latency and energy consunption because it processes and
delivers a |l arge nunber of packets. The MEC server is |ess powerful
and less efficient than the cloud server, but it can be nore
efficient considering the overall delay and energy consunption
because it is placed closer to the local nmachi ne[ MEC. | EQ06]. These
architectures conmbi ne conputing energy, teleconmunications, storage,
and energy resources flexibly, requiring service requests to be
handl ed i n consideration of various performance trade-offs.

The existing distributed processing technique can divide the case
according to the subject performng the service request as foll ows.

(1) Al tasks are performed on the |ocal nachine.

Performall tasks
on | ocal machi ne
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Figure 1: Al tasks on |ocal machine

(2) Sonme of the tasks are performed on the |ocal nachine and sone are
perfornmed on the MEC server
Local Machine MEC Server

Perform t asks
on MEC server

Perform t asks
on | ocal machi ne

Figure 2: Sonme tasks on | ocal nmachine and MEC server
(3) Sonme of the tasks are performed on | ocal machine and sone are
performed on cl oud server
Local Machi ne Cl oud Server

Perf orm t asks
on cl oud server

Perf orm t asks
on | ocal machi ne

Fi gure 3: Sone tasks on |ocal machine and cl oud server

(4) Sonme of the tasks are performed on | ocal machine, sone on MEC
servers, sone on cloud servers
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Local Machi ne MEC Server Cl oud Server

Perform t asks
on cl oud server

Perform t asks
on MEC server

Perform t asks
on | ocal machine

Figure 4: Sonme tasks on | ocal machine, MEC server, and cloud server
(5) Sone of the tasks are performed on the MEC server and sone are
performed on the cloud server

MEC Server Cl oud Server

Perf orm t asks
on cl oud server

Per f orm t asks
on MEC server

Figure 5: Sone tasks on MEC server and cloud server

(6) Al tasks are perforned on the MEC server
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MEC Server

Performall tasks
on MEC server

Figure 6: Al tasks on MEC server

(7) Al tasks are performed on cloud servers
Cl oud Server

Performall tasks
on cl oud server

Figure 7: Al tasks on cloud server

2.2. Considerations for Resource Allocation in Task D stributed
Pr ocessi ng

In addition, it is necessary to consider various environnments
depending on the delay tinme and the inportance of energy consunption
to determ ne which source is appropriate to handl e requests for
resource use. The inportance of delay tinme and energy consunption
depends on the service requirenents for resource use. There is a
need to adjust the traffic flow according to service requirenents.
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Requi rements of Conventional Task Distributed Processing

The requirenents of task distributed processing refer to the key
el ements that nust be considered and net to effectively distribute
conputing tasks across nultiple nodes in a network. These

requi renents include

* Scalability: The ability to add or renpbve nodes fromthe network
and distribute tasks efficiently and effectively, wthout
conprom sing performance or functionality.

* Fault tolerance: The ability to handl e node failures and network
out ages wi thout disrupting overall system perfornmance or task
compl eti on.

* Load bal ancing: The ability to distribute tasks evenly across al
nodes, ensuring that no single node becones overwhel med or
underutilized.

* Task coordination: The ability to nanage task dependenci es and
ensure that tasks are conpleted in the correct order and on tine.

* Resource nmanagenent: The ability to manage system resources such
as nenory, storage, and processing power effectively, to optim ze
task conpletion and minimze delays or errors.

* Security: The ability to ensure the integrity and confidentiality
of data and tasks, and protect agai nst unauthorized access or
t anmperi ng.

Meeting these requirenents is essential to the successfu

i mpl ement ati on and operation of task distributed processing systens.
The effective distribution of tasks across nultiple nodes in a
network can inprove overall system perfornmance and efficiency, while
al so increasing fault tolerance and scal ability.

Automating Distributed Processing with Digital Twin and Al

Automating distributed processing utilizing digital twin technol ogy
involves digitally nodeling physical objects and processes fromthe
real world, enabling real-tine tracking and nani pul ation. This
technol ogy enables real-time nonitoring and mani pul ati on,

revol utioni zi ng how we understand and nanage conpl ex networks.

When conbined with Al technol ogy, these digital twins forma robust
aut omat ed di stributed processing system For instance, digital twns
can project all nodes and devices within a network digitally, The Al
nmodel can utilize various types of information, such as:
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*  Network data: Network-related data such as network traffic, packet
| oss, latency, bandw dth usage, etc., can be valuable for
di stributed processing automation. This data helps in
understandi ng the current state and trends of the network,
optim zing task distribution, and processing.

* Task and task characteristic data: Data that describes the
characteristics and requirenents of the tasks processed in the
di stributed processing systemis also inportant. This can include
the size, conplexity, priority, dependencies, and other attributes
of the tasks. Such data allows the Al technology to distribute
tasks appropriately and allocate themto the optinmal nodes.

* Performance and resource data: Data related to the perfornance and
resource usage of the distributed processing systemis crucial
For exanple, data representing the processing capabilities of
nodes, nenory usage, bandwi dth, etc., can be utilized to
efficiently distribute tasks and optim ze task processing.

*  Network configuration and device data: External environnenta
factors should al so be considered. Data such as network topol ogy,
connectivity between nodes, energy consunption, tenperature, etc.,
can be useful for optimzing task distribution and processing.

Al algorithns, based on this digital twin data, can automatically
optinize network operations. For exanple, if overload is detected on
a specific node, Al can redistribute tasks to other nodes, m nim zing
congestion. The real-tinme updates fromdigital twi ns enable
continuous, optimal task distribution, allowi ng the network to adapt
swiftly to changes

By integrating digital twins and Al, the automated distributed
processi ng system maxi m zes network performance while m nim zing
bottl enecks. This technol ogy reduces the burden on network

adm nistrators, elimnating the need for manual adjustnments and
enhancing network flexibility and responsi veness.

Technol ogi es for Al-Based Distributed Processing Automation in
Network Digital Twn

Configuration of Network Digital Twin

In a network environment, digital twins are used to nonitor the
performance of the network infrastructure in real-tinme, optimze
network traffic through Al-based distributed processing, predict

i ssues, and automatically resolve them To this end, it is inportant
to sel ect physical objects to be represented as digital twins in
order to collect the various data described in Section 4.
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5.2. Data Collection and Processing

Moni toring agents installed on network devices collect real-tine
data. This data includes traffic volume, |atency, packet |oss rates,
CPU and nenory usage, etc. Edge conputing devices performinitial
data processing before transmtting the data to the centra
managenent system

5.3. Al Mdel Training and Depl oynent

The central systemtrains nodels for traffic prediction, fault
prediction, and optim zation based on the collected data. The
trained nodels are deployed to network devices to performreal -tine
traffic analysis and optim zation tasks.

5.4. Al-based Distributed Processing

Each network device or edge conputing device analyzes data in real -
time and dynamically adjusts traffic routes. The overall network
status is nmonitored, and in case of a fault, traffic is automatically
rerouted or devices are reset. Distributed edge devices conmunicate
with each other to share network status and col | aborate with the
central systemto optimze the entire network

5.5. Al-based network operation

A Network Digital Twin (NDT) is a virtual replica of a real-world
network that mirrors its behavior in real time. Wen conbined with
artificial intelligence (Al), it enables intelligent and proactive
network operations. NDT continuously nonitors traffic flow, device
status, and potential failure signs by synchronizing with rea
network data. Al nodels trained on this data can predict traffic
congestion or possible failures in advance and suggest appropriate
count ernmeasures. Before applying any policy or structural changes to
the actual network, these changes can be sinulated within the digita
twin to ensure safety and stability. This approach significantly

i nproves network availability, reliability, and operationa
efficiency. A mmjor advantage is self-diagnosis and sel f-healing,
where Al autononously detects issues and executes corrective actions
wi t hout human intervention. Technologies |ike SDN (Software-Defined
Net wor ki ng), telenetry, and machine learning are integrated to
support a w de range of use cases. |n addition, NDT-based Al
operations represent a future-oriented approach to managi ng conpl ex
networ ks nore securely and intelligently.
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Security Considerations

VWhen providing Al services, it is essential to consider security
measures to protect sensitive data such as network configurations,
user information, and traffic patterns. Robust privacy neasures nust
be in place to prevent unauthorized access and data breaches.

I mpl enenting effective access control mechanisnms is essential to
ensure that only authorized personnel or systens can access and
nmodi fy the network managenent infrastructure. This involves managi ng
user privileges, using authentication nechanisns, and enforcing
strong password policies.

Data Validation and Bias Mtigation

Ensuring the quality and integrity of the training data is critica
for Al nodel perfornmance. This involves several key steps:

* Data Validation Procedures: |nplenment rigorous validation
processes, including data cleaning to remove noi se and irrel evant
data, consistency checks to ensure uniformty across datasets, and
anomaly detection to address outliers that coul d skew nodel
traini ng.

* Bias Detection and Mtigation: Ensure fairness and accuracy by
usi ng diverse data sources, applying fairness netrics, and
perform ng adversarial testing to identify and mtigate biases.
Al Model Vul nerability Detection

Regul arly auditing and evaluating the Al nodel is essential to detect
and address vulnerabilities:

* Performance Monitoring: Continuously nonitor the Al nodel’s
performance to identify any degradati on or unexpected behavior

* Security Testing: Conduct security tests such as penetration
testing and adversarial attacks to evaluate the nodel’s
r obust ness.

* Update and Patch Managenent: Keep the Al nodel and its underlying
systens updated with the | atest security patches and i nprovenents.

Enhanci ng the explainability and transparency of Al nodels is also
i mportant:
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*  Model

interpret the Al

* Transparent Reporting: Provide clear and transparent

the Al nodel’s perfornmance,
to stakehol ders.

| ANA Consi der ations

Interpretability Tools:
nmodel ' s deci sions and understand the factors
influencing its predictions.

Automating Distributed Processing

Use tools and techniques to

repo

bi ases, and deci si on-making p

There are no | ANA considerations related to this docunent.
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