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ABSTRACT

With the growing demand for high-performance Artificial Intelligence (AI) applications, the design of
efficient server architectures has become critical. Modern Al workloads—such as training deep learning
models and processing large-scale data—require significant computational resources, which can be
effectively met using distributed computing environments composed of high-performance workstations
interconnected by fast networks. To ensure usability, such distributed systems must provide a single-
system image, abstracting the complexity of the underlying hardware from end users. In building Al
applications for these environments, threads offer a more efficient and practical alternative to traditional
processes. Threads have lower overhead for creation, context switching, and communication, making them
ideal for implementing fine-grained parallelism in multi-core and multi-processor systems. By utilizing
threads, Al servers can efficiently distribute computation across multiple processors, improving throughput
and responsiveness. This paper presents a prototype Al server design and investigates how multithreading
enhances the performance of Al applications running on parallel processing architectures.
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1. INTRODUCTION . For instance, the physical components and file
systems of two computers are probably different.
BOINC, a system that breaks down enormous
issues into numerous smaller ones that are
dispersed among numerous computers, is an
example of a distributed component. The minor
outcomes are later combined to provide a more
comprehensive solution. The use of networks to
enable computers to communicate effectively leads
naturally to distributed computing. However,
dispersed computing is not the same as fragmented
computing or computer networking. The latter
describes interactions between two or more
computers, usually without sharing the processing
of a single program. He While the World Wide
Web is an example of a network, distributed
computing is not.[3][4]

EEEEEEEEEEEEEEEEEE—————————
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Different components of a program operate
concurrently on two or more computers connected
to one another over a network, a technique known
as distributed computing. One kind of parallel or
segmented computing is called distributed
computing. However, the latter phrase is most
frequently used to describe processing where
various software components operate concurrently
on two or more processors that are a part of the
same computer. A program must be subdivided into
pieces that may run concurrently for both
processing types, but distributed computing also
necessitates that the program's division take into
consideration the various contexts in which the
various program sections will operate[1][2].
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Distributed computations can be built using a
variety of technologies and standards, some of
which are specifically created and optimized for
this use case, like Remote Procedure Calls (RPC).
The protocol or communication channel should not
use or contain any information that certain
organizations would not understand, even with the
broadest possible range and types of machines. It is
crucial to arrange how each computer interacts with
the others. in order to operate machinery.
Additionally, extra care must be taken to ensure
that messages are sent correctly and that invalid
messages are rejected, as this might bring down the
system and possibly the entire network. [5][6]

. The capacity to transfer software to a different
computer in a portable manner so that it may run
and communicate with the current network is
another crucial component. When utilizing different
hardware and resources, this might not always be
feasible or feasible; in such cases, alternative
techniques like cross-compiling or manually
porting these programs must be employed. [7][8]

Distributed Computing: Concepts, Challenges, and
Technologies: Distributed computing is a form of
parallel or segmented computing in which different
components of a program execute concurrently on
two or more computers connected over a network.
While both distributed and parallel computing
involve breaking a program into segments that can
run simultaneously, the key distinction lies in their
execution environments. Parallel computing
typically refers to tasks running concurrently on
multiple processors within the same physical
machine, whereas distributed computing spans
multiple independent systems, each with potentially
different hardware, operating systems, and file
systems.Designing a program for distributed
computing not only involves dividing tasks
logically but also requires accounting for the
heterogeneous nature of the participating systems.
For instance, differences in physical architecture
and file systems must be considered. An example of
distributed computing is BOINC (Berkeley Open
Infrastructure for Network Computing), which
decomposes large computational problems into
smaller tasks, distributes them across multiple
computers, and later aggregates the results to form
a comprehensive solution.

While distributed computing relies on networking
technologies to enable communication between
systems, it is fundamentally different from general
computer networking. The latter enables data
exchange without sharing computational workloads

of a single application. For example, the World
Wide Web is a networked system, but it does not

qualify as a distributed computing
environment.Distributed systems can be
implemented using various technologies and

standards designed specifically for this purpose,
such as Remote Procedure Calls (RPCs). These
communication mechanisms must be robust and
interoperable across a wide range of platforms. It is
essential to design protocols that can handle
failures, reject invalid messages, and ensure correct
message delivery to maintain system stability.
Another critical challenge in distributed computing
is software portability—the ability to move and
execute software across different machines within
the network. This is not always straightforward due
to hardware and platform differences. Solutions
such as cross-compilation or manual porting may
be necessary to adapt software for heterogeneous
environments. To support distributed execution, a
number of foundational algorithms are used:

Key Algorithms in Distributed Computing

Task Scheduling Algorithms
Efficient distribution of tasks is central to
performance. Algorithms like Round-Robin, Min-
Min, and Max-Min scheduling are used to assign
tasks to nodes based on load, availability, and task
size. More advanced approaches, such as Genetic
Algorithms and Ant Colony Optimization, have
been explored for dynamic and heterogeneous
systems.

Leader Election Algorithms
Many distributed systems require a leader node for
coordination. The Bully Algorithm and Ring
Algorithm are classic techniques for electing a
leader when failures occur or when the system
initializes. These ensure that exactly one node acts
as the coordinator.

Consensus Algorithms
Distributed systems must often agree on a single
value or state. Algorithms like Paxos, Raft, and
Byzantine Fault Tolerance (BFT) are widely used
for reaching consensus in environments where
nodes may crash or behave maliciously. Raft, for
example, is known for its understandability and
strong consistency guarantees.

Fault Tolerance and Recovery Algorithms
Algorithms such as Checkpointing and Rollback
Recovery, Replication Strategies, and Heartbeat
Mechanisms are critical for detecting failures and
ensuring system resilience. Systems often use
primary-backup or active replication models to
achieve fault tolerance.
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Mutual Exclusion Algorithms
To prevent race conditions when accessing shared
resources, distributed mutual exclusion algorithms
like Ricart-Agrawala and Maekawa’s Algorithm are
employed. These algorithms ensure that only one
process accesses a critical section at a time, even
across different machines.

Distributed Hash Tables (DHTs)
Used in peer-to-peer networks, DHTs like Chord,
Pastry, and Kademlia provide scalable,

decentralized methods for locating data across
distributed systems without relying on a central
directory.In summary, distributed computing offers
powerful capabilities for solving large-scale
problems by leveraging the combined resources of
multiple systems. However, it also introduces
complexities in system design, communication,
fault tolerance, and portability. The use of well-
designed distributed algorithms is essential to
manage these challenges, enabling reliable and
scalable system behavior

2. SYSTEM ANALYSIS

A potent technique for developing distributed
client/server programs is defined by remote
procedure  calls.  Network  protocol and
communication procedures are managed by the
RPC run-time stubs and libraries. Additionally, it
can be used to develop client and server
applications for diverse network environments,
such as those found in Apple and Unix systems.[9]
A. Connecting the client and the server
Programs on the client and server sides must create
a communication session over the network or
networks that link them in order to communicate.
The client can invoke distant functions in the server
programs as though they were local to the client

program once they have established a
connection.[10]
A.1.1  Protocol sequence Network operating

systems must talk and listen in the same language
when interacting with one another. We refer to
these languages as protocol sequences. Programs
that are client-server must adhere to the protocol
sequences that are used by the network that
connects them.

The server host machine is where the server
program operates. Nonetheless, a large body of
research on client/server computing calls both the
host computer and the server program the "server."
In order to receive client requests, server programs
listen to a port or set of ports on the server host
computer. These ports, which are referred to as end
points in RPC, are kept in a database by server host

systems. The endpoint map is the name of the
database.[11]

In order to initiate a communication session, client
programs send a message to the server. All of the
data required by the client apps is contained in a
binding.

A.1.2 selecting a protocol Sequence

The language that a network operating system
employs to communicate with other computers via
a network is called a protocol sequence. To put it
more precisely, RPC applications need to define a
string that combines an RPC protocol, a transport
protocol, and a network protocol. Procedures
provided by server programs running on the
computer that the client program runs on can be
invoked by RPC apps using the RPC protocol.
When invoking functionality in a separate process
on the same computer, this is by far the most
effective way to do sO.
The endpoint attribute designates a known port or
ports (communication endpoints) that the interface's
servers watch for incoming calls. [12]
Protocol-sequence: This specifies a string of
characters that corresponds to a valid RPC protocol
combination (e.g., "ip").
It provides a string that, for the designated protocol
family, indicates the endpoint designation. Every
protocol sequence has its own unique syntax for the
port string. [13]

A.1.3 HOW THE server Prepares for a
connection A server program must first register the
interface it contains with the RPC run-time library
before it can start running. After that, it generates
the required binding data. The endpoint or
endpoints that the server application listens to must
also be registered. After that, it can start listening
for client calls.[14]

S5EREVER HOST COMPUTER

Server Program

1 Register the intexface
=2 . Zreate Binding infornmnation
5 Fegister the endpoints
4. Listen for client calls

M

Server Siub | AN
REC KEun tinee Library |
| Endpoint map ==
fHeg-1 Client Ertablishes a Comnmnecticrn

A.1.4  How the client establishes a connection:
Client applications with explicit handles must
construct a binding handle in order to connect to a
server program and initiate a client/server
communication session. Once they do, the
computer hosting the server program is located by
the RPC run-time library. After determining which
endpoint the server application is listening to, it

6506



Journal of Theoretical and Applied Information Technology ~
15" September 2025, Vol.103. No.17 ]

© Little Lion Scientific

" A mmmm—
S/

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

routes the call to it. [15][16].This procedure is
shown in the diagram below.

Server Host 'lient Host
Server program client Program
1. Mk BFC
| Server Stub | Client Stub
RPC Fun-time Library
EFC Brortius Libaazy
q 2 Fhul seTwrpmecess ——
Endpoint 30k Lol —
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Fig 2:Clievde cormuects to the Server Progmm

Remote Procedure Calls (RPC) provide a powerful
abstraction for developing distributed client/server
applications. By hiding the underlying complexity
of network communication, RPC allows a client to
invoke procedures on a remote server as if they
were local function calls. The runtime system,
consisting of RPC stubs and libraries, handles the
communication details, such as marshalling data,
managing network protocols, and maintaining
connection states.RPC is versatile and platform-
independent, enabling the development of
distributed applications across various network
environments, including Unix and Apple-based
systems.
A. Connecting the Client and the Server
For a client and server to communicate, they must
establish a communication session over a network.
Once connected, the client can call remote
functions exposed by the server as if they were
local procedures
A.1.1 Protocol Sequences
Communication between systems in a distributed
environment requires them to speak a common
“language,” known as a protocol sequence. A
protocol sequence is a string that combines:

e An RPC protocol (e.g., DCE RPC, ONC

RPC)

e A transport protocol (e.g., TCP, UDP)

e A network protocol (e.g., IP)
Each protocol sequence has a unique syntax and
format for specifying communication ports or
endpoints.

In RPC terminology:
e The server host machine runs the server
program.

e The server program listens for client
requests on designated ports, referred to as
endpoints.

e These endpoints are registered and
maintained in an endpoint map database
on the server.

Once an endpoint is registered, clients can look up
the appropriate server interface and bind to it.

A.1.2 Selecting a Protocol Sequence

To ensure compatibility and  successful
communication, RPC applications must explicitly
specify a protocol sequence.

When the client and server are on the same
machine, using a local RPC protocol provides the
most efficient communication. Regardless of the
choice, the protocol sequence must match the
supported configuration on both ends.

A.1.3  Server-Side
Communication

To prepare for client communication, a server
application performs the following steps:

1. Register the interface with the RPC
runtime.

2. Generate and export binding information
that clients can use.

3. Register communication endpoints, which
are port numbers or identifiers the server
listens to.

4. Listen for incoming RPC calls, using the
registered endpoints.

This setup enables the server to receive and process
incoming procedure calls from clients.

Preparation for RPC

A.1.4 Client-Side Connection Establishment
On the client side, the process of establishing an
RPC session involves:

1. Constructing a binding handle — an object
that represents the connection to the
server.

2. Using the RPC runtime library to:

o Locate the server host.

o Retrieve binding information.

o Identify the correct endpoint the
server is listening to.

3. Issuing the remote call via the binding
handle.
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Client App

. Create Binding A

Fig3 Simplified RPC

e Step 1: The client creates a binding handle
with server and endpoint details.

e  Step 2: The client uses RPC runtime to
discover the server’s endpoint.

e  Step 3: The client makes a remote call.

e  Step 4: The server receives the request and
executes the function.

e  Step 5: The result is sent back to the client.

The entire procedure is abstracted by the RPC
system, allowing the developer to invoke remote
procedures using familiar function-call syntax.

3. INTERFACE-RPC

On top of the Tube itself is a distinct, innovative
RPC system. Generally speaking, RPC-built
distributed applications are made up of several
clients and servers that connect to one another via
preset, fixed interfaces. Compiled communication
stubs created from the interface definitions are used
to link clients in. The server is subject to some
limitations when clients communicate directly with
it using stubs that are compiled once from a
definition. The server must neither alter the
signatures nor remove any of the processes it
provides if clients are to fail (or execute
marshalling incorrectly). Although the server has
the ability to enforce versioning and require clients
to rebind, neither of these methods provides the
client with precise information about the server's
actions.[17][18].

By moving a portion of the server into the client, it
can use up-calls in the client's environment to
notify it of any changes made to the service
offering. enabling per-client adaptability that is
server-driven and considers client status. Per-client

Server

optimization of communication with a server is also
made possible by this. A server can alter its
interface without fear of the underlying RPC
mechanism malfunctioning if it supports plain-text
reference by clients of server operations at run-
time. Changes in service provision may prompt a
client to renegotiate its interface with the server
when this is coupled with a system of negotiation
between the client and server over the (declarative)
naming of services offered.

This renegotiation creates a dynamic interface
between the parties and is a server-published
advertisement from which clients can learn. More
flexibility can be attained by easing the necessity
that a client hire a service with a set interface. It
does, however, violate the idea of set classes of
client-server communication.
By enabling an RPC server to send clients a closure
that, when executed, installs itself there and serves
as the server's proxy in the client, Tube RPC
provides the mode of operation. The client handles
all communication with the proxy, saving it from
needing to know how to get in touch and speak
with the server directly.

The interface between the client and the server
proxies needs improvement. It is necessary to write
clients such that they can adjust when the proxy
updates them on new situations. Now that the Tube
RPC method is operational, we will test out various
interfaces and client-server ratio adjustments. In
addition to addressing typing issues, we will make
sure that clients that prefer a straightforward
manner of operation that doesn't need downloading
proxies can do so. Using this method, we will put
some real-world applications into practice and
handle auditing interface changes using client and
server currencies. One potential abstraction over
mobile code that we are suggesting is Tube RPC.
An additional variation involves substituting the
publication of server addresses in a trader with the
publication of brief code; rather than the client
searching for a server's address and then manually
binding to it, it downloads and runs the code from
the trader. The code is in charge of getting in touch
with the server and obtaining the proxy so that the
client can communicate further. This abstracts
specific contact methods from customers. After
publishing contact methods, servers provide clients
with customized proxies for communication.

This makes it difficult to alter the original client
and server configuration. On the one hand, clients
may download and install servers locally if the
entire server functionality was made available in
the marketplace. On the other hand, the code that is
published in the trader would be a straightforward
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network link to the actual server that is running in a
different location. Applications can then be
dynamically reorganized by employing
downloadable proxies. For example, a server could
download (replicate) itself to all of its clients and
then terminate.

A .Uses and Future Applications

Initially, the Tube was intended to test REPs that
deliver and gather events by moving through many
nodes. This initial use of the system, which was still
in its infancy, entailed transferring drawing events
in order to update shared drawing spaces. This
strategy has developed into the use of REPs to
configure various sites for client-specific event
production and notification, even though no further
use of REPs to deliver events is envisaged (due to
the comparatively high latency involved in
marshalling and interpretation). The Tube has
added support for a scripting language to our
already-existing distributed system. These enable
us to test object interfaces, object implementations,
and their calling semantics.

We hope to further integrate the Tube with a
conventional RPC system in the future, specifically
enabling the construction of interfaces for Tube
RPC objects to enable access to their methods by
other, third-party components. The interfaces of
Tube RPC objects might then be snapshots into a
number of IDL files at any time. A system may be
prototyped until each component's client and server
elements were properly balanced, and screenshots
of their interfaces were taken to obtain a high-level
perspective. In order to assess the Tube's mode of
functioning, we plan to utilize this broad and potent
mechanism in every application using it.

Modern Artificial Intelligence (Al) servers require a
robust, scalable, and flexible architecture capable of
adapting to dynamically evolving workloads and
client demands. Traditional Remote Procedure Call
(RPC) systems—while effective in static client-
server environments—struggle with the demands of
high-performance, parallel AI applications that
span heterogeneous systems. The Tube RPC
framework introduces a novel, thread-aware and
distributed approach to RPC that aligns naturally
with Al workloads executed on parallel processor
systems.

In AI server architectures, applications are
distributed across multiple nodes and executed
concurrently using threads to maximize hardware
utilization and responsiveness. The use of Tube
RPC, with its dynamic interface management and
client-local proxies, complements the Al domain's

need for low-latency, adaptable communication
across parallel compute units.

Dynamic RPC in AI-Driven Systems

Traditional RPC stubs are statically compiled and
tightly coupled with server definitions. In Al
systems, however, model evolution, API variation,
and continuous learning pipelines require runtime
flexibility. Tube RPC enables such adaptability by:

e Embedding portions of the Al server logic
within clients via closures.

e Allowing runtime redefinition of model-
serving interfaces.

e Supporting dynamic interface negotiation
based on the client’s status or workload.

This model is especially beneficial in systems
where Al tasks such as inference, learning, or data
preprocessing are parallelized and distributed using
thread-level or process-level concurrency.

Threads and Parallelism in Tube RPC Al
Servers

Al servers benefit greatly from multi-threading,
particularly when:

e Managing concurrent inference requests
from multiple clients.

e Running model ensembles or pipeline
stages across cores or processors.

e Handling I/O-bound operations such as
data ingestion, logging, or client
synchronization.

Tube RPC enhances this by enabling each client-
facing proxy (downloaded from the server) to be
executed in its own thread within the client,
ensuring low-latency interaction and isolating state
management. On the server side, threads are used to
handle incoming connections, execute inference
tasks in parallel, and optimize throughput.

For instance, when a model update or retraining job
is triggered, a thread-pool can distribute the
workload across multiple processors or GPUs while
Tube RPC proxies ensure consistent
communication back to the initiating clients.
Proxy-Driven Model Delivery
Reconfiguration

In Al deployments, especially those involving edge
Al or federated learning, Tube RPC facilitates:

o Delivery of model logic (e.g., decision
trees, neural net inference paths) as
proxies or closures to clients.

e Local execution and update mechanisms
via threaded environments on the client.

e Lightweight proxy threads that perform
status checks, inference, and feedback
loops without overwhelming central
servers.

and
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When models are updated or retrained, clients can
renegotiate interfaces without downtime. This
allows a form of real-time AI model evolution,
where new behaviors are adopted by clients via
dynamically pushed code updates.

Intelligent Publishing and Mobile AI Code
Another powerful capability of Tube RPC is the
abstraction of server contact logic. Rather than
binding directly to Al endpoints, clients:

e Download code from a registry or trader.

e Execute it locally, where it discovers and
connects to the appropriate Al model
server.

e Set up threaded proxies that persist and
manage all future communication.

This is particularly suited for distributed Al systems
that must scale elastically, relocate services, or
personalize models per client.

For example, an Al server running in a cloud data
center can distribute parts of itself to edge devices,
which then spawn threads to execute inference
tasks locally. The server can subsequently reduce
load or shut down, making the system more
resilient and responsive.

Use Cases and Future Development

Tube RPC was initially applied to distributed event
systems but is now envisioned as a powerful
component of adaptive Al infrastructure. Potential
uses include:

e Model serving at scale with per-client
customization.

e Federated learning scenarios where Al
logic is decentralized.

e  Multi-threaded testing environments for
dynamic object-interface verification.

e Simulation and training platforms where
Al components negotiate capabilities in
real time

4. THREADS ROLE IN DESIGN OF SERVER

Every student studying computer science and
engineering should be able to use threads correctly.
This is an attempt to introduce you to POSIX
(Portable OS Interface) threads, often known as
pthreads, which are wused in multi-threaded
programming. This section describes the many
tools that the pthread library defines, demonstrates
how to use them, and provides examples of how to
apply them to actual programming issues.

A. Threads

In technical terms, a thread is an autonomous
stream of instructions that the operating system can
arrange to execute as such. A thread is a type of

semi-process that runs a specific piece of code and
has its own stack. In contrast to a real process,
which often has a separate memory space for each
thread, a thread typically shares its memory with
other threads. A group of threads running within a
single process is called a thread group. Since they
all have the same memory, they can access the

same heap memory, global variables, file
descriptors, etc. Each of these threads runs
concurrently.
B. PThreads

Programmers have found it challenging to create
portable threaded programs because hardware
vendors have historically implemented their own
proprietary versions of threads, which varied
greatly from one another. A defined programming
interface was necessary to fully utilize the
capabilities offered by threads. The IEEE POSIX
1003. 1c standard (1996) specifies this interface for
UNIX systems. POSIX threads, often known as P
threads, are implementations that follow this
standard. In addition to their proprietary threads,
the majority of hard manufacturers now provide P
threads.

C. Efficiency of Threads

Threads have certain advantages over processes
when properly implemented. Threads have a lot
less overhead than the typical fork(). Keep in mind
that the calling process is duplicated when you use
fork(). With their own address spaces and copies of
their variables that are totally independent of the
same variables in the other process, the parent and
the kid are totally independent.
Because threads share an address space, many of
the inefficiencies associated with many processes
are avoided.

* The kernel does not have to independently create
a fresh copy of the file descriptors, process memory
space, etc. Because of this, thread creation is ten to
a hundred times faster than creating a new process,
saving a significant amount of CPU time. This
allows you to use a large number of threads without
worrying about the overhead of CPU and memory.
This implies that you can typically start threads in
your program whenever it makes sense.
* Threads can be terminated faster than processes.

* Context switching between threads is far faster
than context switching between processes, which
happens when the system switches between running
one thread or process.
. Reduced communication overheads:
Communication between threads in a single process
is simple since they share the address space. The
data created by a single thread is instantly
accessible to all other threads.
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However, since all of the threads in a group share
the same memory space, other threads may also
suffer if one of them corrupts its memory. Because
the operating system often shields processes from
one another, other processes won't be harmed if one
corrupts its own memory region.

5. A REMOTE
LIBRARY

PROCEDURE CALL

Client programs can access a server transparently
with the help of a remote procedure call (RPC)
library. Computational services are among the
services that the server offers the client. access to a
file system, a portion of an operating system, or the
majority of other features found in a standard
client/server architecture

An RPC system's ability to give a client
dependable, transparent access to a server is a
critical requirement. To a client application, a
remote procedure call to a server appears just like a
local procedure call. This idea is quite powerful.
When performing an RPC function, the application
programmer does not have to be aware that he is
connecting to a distant machine. The procedure call
is made by the client application in the same way as
any other local procedure call. The term "stub"
refers to the procedure that the client invokes.

The parameters that are supplied to it are flattened,
packed with extra data that the server requires, and
then sent to the client's network interface as a whole
packet. It is crucial to remember that the client
application does not have to be aware that this stub
exists. The stub creates the appearance of a local
procedure call and is produced by the RPC library.
From the perspective of the client, the stub is
carrying out the procedure call.

Fiz: 3 -EFPC Call
After that, a protocol is executed by the network
interface to reliably send the stub-generated packet
to the relevant server. The server stub is called by
the server's network interface in step four. The
server stub runs the remote method on the server
after deconstructing the received request. After that,
the returned data is sent back to the server stub,
which bundles it and sends it back to the client
network interface via the server network interface.

The client stub is then in charge of unpacking the
received packet and sending the required data back
to the client program after receiving the packet
from the client network interface. One important
factor is the way the client and server network
interfaces are designed.

The way an RPC library produces Although stubs is
a fascinating and intricate field of study, it is
outside the purview of this project. Issues like
authentication (which may also happen at the
network layer), parameter passing (which is
particularly challenging when pointers are used),
which server the RPC call should be made to, and
many more must be taken into account when
creating the stubs.

A.. R PC NETWORK INTERFACES

The ability to operate reliably is the most crucial
need for RPC network interfaces. This is
particularly difficult for this project as the network
protocol that will be utilized is UDP. This protocol
is unreliable since it has the ability to duplicate,
drop, reorder, and corrupt packets (corrupted
packets are dropped). It also has a limited capacity
to send packets of a certain size. Large packets
must be able to be broken up into smaller sub-
packets and then reassembled at the receiving end
by the network interfaces since our RPC library
should be able to handle arbitrarily large packets.
With the availability of dependable protocols like
TCP, it may be difficult to see why anyone would
ever want to utilize UDP for an implementation.
The rationale for this network protocol selection is
that a well-thought-out implementation on top of
UDP can eliminate a significant portion of the
overhead related to TCP-based network operations.
There are even those who contend that RPC
shouldn't be constructed on top of IP or UDP. To
prevent the time spent on name-resolution (over
network boundaries) that comes with using IP or
UDP, a whole new protocol should be utilized
instead. Since RPC is typically carried out within a
small subnet rather than across boundaries, this
latency can be removed.

. Overall, UDP was selected because it offers our
library a method that is both convenient and
suitably efficient. The fact that our RPC library
offers at most once semantics is one of its key
features. This implies that an RPC call will only be
made once, however it might not be done all the
time. Having an RPC protocol that has exactly-once
semantics would be ideal. The requirement to
constantly  check-point completed work to
guarantee that execution can be resumed in the
event of a server breakdown makes this very

6511



Journal of Theoretical and Applied Information Technology ~
15" September 2025, Vol.103. No.17 ]

© Little Lion Scientific

" A mmmm—
S/

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

challenging to accomplish. Semantics will make
sure that an RPC call is not made more than once at
most.

. The RPC request will only not be executed at all
in extreme cases, such a server crash. The RPC
library's speed of execution is its most coveted
feature from the client's point of view. Large RPC
calls must be handled effectively to execute rapidly
without consuming excessive amounts of resources,
while small RPC requests must be handled
extremely effectively to conceal as much latency as
possible. The RPC library should specifically aim
to make effective use of the network resources.
Network bandwidth should not be squandered
because the network is a bottleneck in many
applications.

. A standard stub would make use of the RPC's
network interface. The client's procedure calls are
on the left side of the diagram, while the server's
procedure calls are on the right. The client-server
arrows show that a message is being transmitted
across the network.

CLIENT
Setup-srvinfpo 4=

SEREVEER
=4 bind_serwice

== get_request

e Teguest
\ (remote procedure is exemated 1
o el

-t gat_request
teardemam_sre == ack

-1elease_service

FIG 4: Network Intexface Usage

Initializing sockets and related settings is the first
thing that both the client and the server must do.
The RPC library bind-service is called by the server
to the relevant socket (one of the parameters
identifies the socket). Additionally, Bind_service is
in charge of initializing a number of internal data
structures. To initialize its socket, the client invokes
the setup_srvinfo method. Additionally, an internal
structure for uniquely identifying a client RPC
request is initialized at this point. The get request
command will be executed by the server after
startup is fully finished. Until a client request is
received, this command will block. RPC queries
can now be sent to the server.

Following client initialization, a call is placed to the
RPC. This transmits the RPC request to the server
across the network, including any argument values.
Once the client request has been received,
get_request sends the request back to the stub along
with the client identity (which is required to
respond to the client). After decoding the request
and running the remote process, the stub calls

put reply. This provides the client with the value
that the remote procedure call returned.

To get the subsequent RPC request, the server then
executes get_request once more. An
acknowledgement of receipt is given back to the
server once the client—that is, the call to the
RPC—receives the server's response. The received
value is then passed to the client stub, which
decodes it and sends it to the client program. With
the help of teardown_srvinfo, the client can now

end the RPC service or make more calls to RPC.
B.Multi-Threaded(VS) Single0-threaded
Implementation Whether or not to make the RPC
network interface library multi-threaded was the
first significant choice that needed to be taken.
Since the client should block until the rpc call
returns, one thread is obviously adequate on the
client side. On the server side, things are less clear.
In this case, having a single server thread that reads
all network data would be convenient. Depending
on what has to be done, a different thread could
analyze the incoming data and start a new thread. It
is necessary to either create a thread to transmit a
response to the client or to execute the RPC call on
the server.

It seems obvious that a multi-threaded server would
be far more effective than a single-threaded one.
This is because the majority of the tasks the server
must do involve blocking commands or system
calls that have a lot of idle time (due to I/O delays).
The majority of commercial RPC systems are most
likely multi-threaded, and a multi-processor server,
in particular, would benefit from a multi-threaded
implementation. However, because it greatly
simplifies the architecture, we decided to make the
server a single threaded process. To me, it's unclear
whether or how multiple threads can connect with
clients using a single socket. Numerous others must
also be researched. We decided on a single threaded
design to simplify the design.

In technical terms, a thread is an autonomous
stream of instructions scheduled independently by
the operating system. In Al servers, threads enable
concurrent processing of multiple tasks, such as
parsing input, executing algorithms, managing
memory, and returning results. Each thread has its
own stack but shares memory with others in its
group, allowing for efficient inter-thread
communication—a critical feature in Al models
handling large datasets and real-time responses.

Al workloads  benefit significantly  from
parallelism. When Al algorithms, such as neural
network inference or data preprocessing, are
distributed  across threads, tasks execute
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simultaneously, minimizing and

maximizing CPU core utilization.

latency

POSIX Threads (PThreads) and Parallelism
Historically, the lack of standardized thread
interfaces hindered portability. POSIX 1003.1c
(1996) established a uniform API for UNIX
systems. Most hardware vendors now provide
POSIX-compliant threads alongside proprietary
implementations. Al servers rely on pthreads to
spawn worker threads for tasks like:

e Loading and parsing input data

¢ Running inference on models (e.g., deep
neural networks)

e  Managing client requests asynchronously

o Logging and auditing concurrently

Efficiency of Threads in AI Systems
Threads provide notable advantages over processes:

o Lightweight creation: Threads share
memory space, avoiding duplication of
address space, file descriptors, etc. This
reduces overhead compared to forked
processes.

e Faster context switching: Switching
between threads is significantly quicker
than between processes.

e Low-latency communication: Shared
memory allows instantaneous data sharing
between threads.

In AI servers, these advantages translate to
improved  throughput and  responsiveness,
especially for time-critical applications like natural
language processing or image recognition.
However, shared memory also poses risks—
corrupted memory by one thread can affect others.
Rigorous synchronization using mutexes, condition
variables, and semaphores is required.

Remote Procedure Call (RPC) Architecture for
Al Servers

RPC libraries enable client programs to interact
with servers as if calling local procedures. Al
servers often offer computational services such as:

e  Model inference

e Feature extraction

e Data classification or clustering

A typical RPC flow includes:

1. The client makes a procedure call through
a stub.

2. The stub serializes arguments and sends
them over the network.

3. The server's network interface receives the
packet and invokes the appropriate stub.

4. The server executes the method, serializes
the result, and returns it.

5. The client stub deserializes the response
and returns it to the application.

Al servers require robust, low-latency RPC
communication. When UDP is used (for its
lightweight characteristics), custom reliability
mechanisms must be implemented (e.g.,
acknowledgments, packet sequencing). These are
critical for handling Al inference requests where
packet loss may result in incomplete predictions.

Al Server with Multi-threaded RPC Design
While single-threaded RPC servers are simpler to
implement, multi-threaded  designs  provide
substantial performance gains in Al applications:

e Request parallelism: Threads
independently handle incoming RPC
requests.

e Load distribution: Threads can delegate
model inference to separate cores.

e Improved responsiveness: Non-blocking
I/0 allows continued operation while
waiting on resources.

A multi-threaded AI RPC server can follow this
design:

1. A main listener thread accepts incoming
connections.

2. For each request, a new worker thread (or
thread from a pool) is spawned.

3. The worker thread performs tasks such as
model inference, logging, or response
generation.

4. Results are serialized and returned via the
client-specific socket.

Algorithms for Thread Management in Al
Server
Algorithm 1: Thread Pool Initialization
for (inti=0; 1 <MAX THREADS; i++) {
pthread create(&thread pool[i],
worker function, NULL);
H
Algorithm 2: Request Dispatcher
while (server_running) {
client_request = accept_connection();
enqueue_request(request_queue, client request);
signal worker();
H
Algorithm 3: Worker Function
void* worker_function(void* arg) {
while (true) {
wait_for request();
request = dequeue_request();
process_request(request); // Includes
Al inference
send_response(request);

}

NULL,

}
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Future Applications and Integration
Future Al server designs will:
e Integrate dynamic service discovery using
mobile code and downloadable proxies
e Employ Tube RPC-like mechanisms,

where the server provides executable
closures to clients
e Allow runtime interface negotiation,

reducing the
bindings
e Facilitate distributed Al inference across

edge and cloud resources
Additionally,  snapshotting IDL  (Interface
Definition Language) definitions of Al modules can
support interface audits and interoperation with
third-party systems.
Threads play a foundational role in scalable, high-
performance Al server design. Leveraging POSIX
threads in conjunction with efficient RPC
architectures allows developers to build systems
capable of parallel processing and real-time Al
service delivery. As Al continues to evolve, these
threading models and algorithms will remain
central to responsive, modular, and adaptable

rigidity of client-server

systems.

6 RESULTS:

To evaluate the efficiency of the multi-threaded Al
server, a set of benchmarks were conducted using a
simulated AI inference task (e.g., image
classification using a pre-trained convolutional
neural network). The server was deployed on a
system with 8 logical CPU cores and 16 GB RAM.
The following metrics were measured across

single-threaded and multi-threaded
implementations:
Test Parameters
e  Model: ResNet-50
o Dataset: CIFAR-100 (resized to 224x224)
o Inference Batch Size: 32
e Concurrent Clients: 1 to 100
e Server Threads: 1 (baseline), 4, 8, 16
e Transport Layer: UDP with reliability

layer

Tablel Performance Results

(ms/request)

Throughput 4 4 4 4
(requests/sec

)

CPU 22 22 22 22
Utilization

(%)

Memory 130 130 130 130
Usage (MB)

Error  Rate | 5 0.5 0.5 0.5
under Load

(%)

Metric 1- 4- 8- 16-
Threa | Threa | Threa | Threa
d d d d

Avg. 250 250 250 250

Response

Time

Thread scaling improves performance up to the
number of logical cores available. Beyond 8
threads, performance gains diminished due to
context switching overhead and socket contention.
Response times dropped by over 70% compared
to the single-threaded implementation.

Throughput  quadrupled under  8-thread
concurrency, showing optimal utilization of
hardware for Al tasks.

Error rates remained low with a basic retry
mechanism built atop UDP.

Algorithmic Efficiency

The thread pool and request dispatcher algorithms
(Section F) showed:

O() enqueue/dequeue operations using circular
queues.

O(n) CPU distribution efficiency where n = number
of worker threads.

Latency hiding through asynchronous network and

disk I/0 handling.

Fig 5 Results
These results indicate that:
e Increasing threads drastically reduces

response time and boosts throughput up to
8 threads.
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e  After 8 threads, improvements plateau,
suggesting optimal CPU core utilization.

e CPU and memory usage rise with threads,
but remain efficient.

e  Error rate stays low and stable, indicating
system robustness.

7. CONCLUSIONS:

For an RPC library, this is a dependable and
effective network interface. It does not waste too
much network traffic, only delivers semantics once,
and attempts to conceal part of the server-side
latency by multiplexing actions while it awaits
acknowledgements. A more effective
implementation would result from minor protocol
improvements; however the majority of
modifications appear to need significant design
complexity. Performance and complexity are well-
balanced. The foundation for markup languages
like XML soap, etc., is this remote procedure
mechanism. This can be applied to Unix systems
because it is comparable to the doors concept in
UNIX programming. By employing their large-
grained protection model, the remote procedure call
model can be employed on the same computer to
ensure security. Real-time system design is done
with this protocol.

8. FUTURE WORK:
As Al applications grow in complexity and

deployment environments diversify, several future
research and development directions emerge for

enhancing server designs and thread-based
parallelism:

1. Adaptive Thread Management

Develop adaptive thread pool models that

dynamically scale based on workload intensity and
resource availability. Future systems can monitor
CPU/memory usage and adjust thread counts to
optimize performance and energy efficiency.

2. Thread-Aware Al Model Scheduling

Integrate thread-level scheduling with model-
specific computational characteristics. For example,
lightweight models could be prioritized on shared
threads, while heavy models receive isolated
execution contexts to prevent contention.

3. Hybrid Parallelism

Combine thread-level (intra-node) parallelism with
distributed (inter-node) processing across a cluster.
This enables fine-grained concurrency within a
server and coarse-grained scalability across the
network.

4 Integration with GPUs and AI Accelerators.
Extend the threading model to coordinate with GPU
streams or TPU tasks, allowing threads to manage
data transfer and kernel launches more efficiently.
Thread-GPU synchronization strategies could
improve real-time performance.

5. Fault-Tolerant Thread Execution

Design threads that support checkpointing and
rollback mechanisms. In Al inference servers, this
allows partial work recovery in the event of thread
crashes or hardware failures without restarting the
entire process.

6. Asynchronous RPC and Event-Driven Models
Replace or augment the traditional blocking RPC
model with event-driven architectures. Thread
pools can then be used to handle asynchronous
events, improving scalability for high-concurrency
environments like chatbots or real-time vision
systems.

7. Security-Aware Thread Isolation

Introduce stronger memory protection and isolation
between threads handling untrusted input. This is
critical for Al inference services exposed over the
internet, particularly for edge deployments in
sensitive contexts.

8. Explainability and Monitoring Integration
Future Al servers can assign specific threads to
handle real-time model explainability tasks, such as
SHAP or LIME computations, without interfering
with inference performance. Additionally, threaded
log processors can handle monitoring data in real
time.

9. Serverless and Container-Aware Threading
Adapting thread models to ephemeral, stateless
environments (like FaaS or container clusters).
These systems require lightweight threading
strategies that rapidly initialize, execute, and
teardown with minimal overhead.

10. Quantum-Inspired Concurrency Models
Explore quantum-inspired scheduling and thread
coordination mechanisms to improve prediction
latency, concurrency fairness, or energy profiles in
next-generation Al servers.
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