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Abstract: Selecting the right network protocol for Managed File Transfer (MFT) platforms is critical. The
decision impacts security, performance, reliability, compatibility, and cost. Each protocol offers different
strengths and weaknesses. For example, FTP is widely used but lacks strong security features. SFTP and FTPS
provide better encryption but may slow down file transfers. Protocols like ATM and IP enhance speed and
efficiency but may lack advanced security or compatibility with certain systems. IBM Connect:Direct, while
proprietary, delivers robust reliability and performance, but at a higher cost. This article compares these
protocols in detail. It helps MFT administrators choose the best option for their needs by considering security,
speed, stability, compatibility, and expenses.
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1. Introduction

Managed File Transfer (MFT) platforms are crucial for secure and efficient data exchange in organizations.
These systems handle large volumes of sensitive information, including financial records, healthcare data, and
customer information. According to Forrester, the global MFT market is expected to grow to $2.5 billion by
2026 [1] compared to 2011°s $1.4 billion. MFT platforms help ensure compliance with strict regulations, such
as GDPR and HIPAA, by facilitating secure file transfers across multiple networks. However, the success of an
MFT platform heavily depends on the selection of the right network protocol.

The network protocol determines how data is transmitted between systems. It impacts security, speed, and
compatibility. For example, a secure protocol like SFTP uses encryption to protect files in transit. On the other
hand, FTP lacks encryption, exposing data to unauthorized access [2]. In many cases, organizations fail to
consider the implications of their protocol choice. This can lead to data breaches, performance bottlenecks, and
costly downtime.

Poor protocol selection results in several issues, such as security breaches, performance degradation,
compatibility challenges, and increased costs, to name a few [3].

Using insecure protocols like FTP can expose sensitive data to cyberattacks. According to data Verizon, 66% of
breaches are caused by insecure and inefficient file transfers or improper storage “at rest” in databases or file
servers [4]. Furthermore, some protocols slow down file transfers. For example, heavy encryption overhead in
SFTP can increase latency. In high-volume environments, this can cause delays, missed deadlines, and loss of
productivity. Protocols like IBM Connect:Direct, though reliable, are proprietary. This limits their compatibility
with non-IBM systems, leading to integration issues. As such, Poor protocol selection can inflate operational
expenses. Protocols with high licensing fees or maintenance requirements, like ATM, may not justify their cost
in every environment. [5]
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Selecting the most appropriate network protocol is essential for maintaining the performance and security of
MFT platforms. Organizations must consider factors like security, performance, reliability, compatibility, and
cost when making this decision. Failure to do so can lead to inefficiencies, security vulnerabilities, and high
operational costs.

2. Literature Review

The literature on managed file transfer and other associated file transfer protocols covers a wide range of aspects
used for this solution proposition. Vollmer [1], for instance, provides a foundational overview of the different
MFT technologies being used in different industries, their evolution, and key features. Papadimitratos [2]
similarly focuses on the upcoming security considerations for data transmission in mobile ad hoc networks and,
therefore, focuses on the need for secure data transmissions in MFT systems. Lua et al. [3] continue discussing
peer-to-peer overlay networks to provide insights into the different network activities and architectures that can
impact file transfer performance via different technologies.

Newman [4] discusses Asynchronous Transfer Mode (ATM) local area networks, providing historical context
that is relevant for comparing legacy and modern protocols. Wu et al. [5] explore advanced transfer techniques
for high-definition video streaming, which can inform improvements in MFT for high-throughput scenarios. Al-
Sarawi et al. [6] review 0T communication protocols, suggesting potential enhancements for integrating MFT
with loT environments.

Tomi¢ and McCann [7] examine security issues in wireless sensor network protocols, relevant for understanding
security in MFT. Degermark [8] addresses design issues in network protocols, providing broader insights into
protocol challenges. Swamy et al. [9][10] explore cooperative communication and network coding, highlighting
techniques that could enhance MFT performance.

Breaban et al. [12] discuss Quality of Service (QoS) management, which is crucial for maintaining MFT
reliability. Song et al. [13] investigate scalable packet forwarding, offering solutions for handling large data
volumes. Finally, Binnie [14] emphasizes encryption in file transfers, underscoring its importance for MFT
security.

3. Problem Statement: Suboptimal Protocol Selection For MFT

Many legacy protocols, such as FTP, fail to provide adequate security features. FTP transmits data in plain text,
making it vulnerable to unauthorized access and man-in-the-middle attacks. As organizations increasingly face
data breaches and regulatory pressures, the need for secure protocols has become paramount.

Some protocols, while secure, may introduce performance bottlenecks. For example, encrypted protocols like
SFTP and FTPS, while enhancing security, often suffer from increased latency and lower throughput. As data
transfer requirements grow, the performance of these protocols under high loads becomes a critical concern. [6]
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Figure 1: Network topology of a typical Heterogeneous Wireless Network

Protocols vary in their compatibility with different operating systems, hardware configurations, and software
ecosystems. Some, like IBM Connect:Direct, are proprietary and may only function in specialized
environments, limiting their broader applicability. Ensuring compatibility with diverse infrastructures is
essential for MFT platforms that operate in hybrid or multi-vendor environments.

Choosing a network protocol is not only a technical decision but also a financial one. Licensing fees, hardware

requirements, and ongoing maintenance can vary significantly across protocols. Proprietary solutions like IBM
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Connect:Direct tend to be more expensive but offer high reliability. Open-source alternatives, while cheaper,
may lack the necessary support and advanced features. [7]

Lack of Security Measures

One of the critical challenges in network protocol selection for MFT platforms is the variation in security levels
across protocols. Poorly secured protocols, like FTP, lack encryption mechanisms, exposing file transfers to
interception, unauthorized access, and potential data breaches. In contrast, protocols like SFTP and FTPS
provide encryption but can introduce overhead, complicating system architecture and increasing processing
time. Selecting the wrong protocol based on limited security considerations can lead to vulnerable systems,
especially when handling sensitive or confidential data. [8]

Suboptimal Performance and Latency

Performance inefficiency is another significant problem that arises due to inadequate protocol selection.
Protocols differ in their throughput, latency, and handling of large files. FTP, for instance, is known for its low
speed in high-latency networks. Conversely, advanced protocols such as IBM Connect:Direct can handle large
volumes at high speed but may introduce complexity and higher costs. Failure to match protocol performance
characteristics with organizational needs can degrade overall network efficiency, resulting in slow file transfers,
bottlenecks, and increased operational costs. [9]

Reliability Issues with Connection Stability

Reliability, particularly in maintaining stable connections during transfers, can also be a significant issue. FTP
and IP-based protocols struggle in unstable network environments, where frequent disconnects can cause partial
or incomplete transfers. Some protocols do not include features for automatically resuming interrupted transfers,
leading to data loss or corruption. The lack of failover mechanisms in less advanced protocols can cause
considerable downtimes, especially for enterprises that rely on consistent and uninterrupted data exchanges. [10]
Incompatibility Across Platforms and Environments

The compatibility of different protocols with various operating systems, hardware, and software is another
challenge. Protocols like FTP and SFTP have broad compatibility but may struggle with new or proprietary
environments. On the other hand, IBM Connect:Direct, although highly efficient in IBM infrastructures, can be
incompatible with non-IBM systems, necessitating additional middleware solutions. This leads to increased
integration efforts and limits scalability, restricting businesses that operate in diverse technical environments.
[11] [12] [13]

Cost Constraints

Cost is a decisive factor in protocol selection. Advanced protocols, such as Asynchronous Transfer Mode
(ATM) or IBM Connect, offer superior performance but come with higher costs due to licensing, hardware
requirements, and ongoing maintenance. Organizations may opt for less costly options, such as FTP, which
reduces upfront expenses but increases risk in terms of security and performance. Inadequate consideration of
the total cost of ownership (TCO) can result in long-term financial inefficiencies, as frequent upgrades or
replacements might be needed.

4. Solution: Selecting the Optimal Protocol Based on Key Factors

Addressing the issues with network protocol selection in MFT platforms requires a structured, multi-step
approach. Each solution targets specific technical challenges to optimize security, performance, and
compatibility. The key to success lies in a deep understanding of the protocol's architecture, function, and
operational limitations.

Protocol Compatibility Testing

One of the primary steps is rigorous compatibility testing. A protocol must be thoroughly validated across all
system layers, from application to transport. This includes ensuring compatibility with firewalls, routers, and
switches. Administrators must also confirm that the protocol aligns with the operating system's native
networking stack. Tools like protocol analyzers (Wireshark) should be employed to simulate data exchanges
under different load conditions, providing insights into packet handling and handshake behaviors.

Performance Optimization Through Load Balancing

To mitigate throughput bottlenecks, network engineers should incorporate load-balancing techniques. Load
balancers should be strategically placed between the MFT platform and external connections. This ensures even
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distribution of traffic across servers or nodes, reducing latency. Implementing Transport Layer Security (TLS)
offloading at load balancers further minimizes performance degradation due to encryption overhead.

Utilization of Adaptive Protocols

Adaptive protocols like Multipath TCP (MPTCP) allow for dynamic path selection. MPTCP splits data packets
across multiple network paths, optimizing bandwidth utilization. It also enables seamless failover if one path
experiences failure or high congestion. By selecting such protocols, MFT platforms can achieve higher
resilience without sacrificing speed or security.

Security Hardened Protocols

Protocols must be selected based on the required level of encryption and security. SFTP (Secure File Transfer
Protocol) and FTPS (FTP Secure) offer encryption over SSH and TLS, respectively. Protocols utilizing AES-
256 encryption ensure the highest level of data protection. Additionally, implementing Perfect Forward Secrecy
(PFS) ensures session keys are ephemeral and cannot be retrieved, even if the server’s private key is
compromised.

Packet Shaping and QoS Policies

Quality of Service (QoS) policies must be applied to control traffic based on protocol type. Critical protocols
such as SFTP or SCP (Secure Copy Protocol) should be prioritized over lower-priority traffic like HTTP. Packet
shaping mechanisms should be configured to allocate bandwidth proportionally based on the service-level
agreements (SLAs). This prevents bandwidth starvation in high-traffic environments, ensuring smooth and
reliable file transfers. [14]

Scalability via Protocol Agnostic Solutions

Protocol selection must factor in future network growth. Opting for protocol-agnostic file transfer solutions
ensures scalability without a complete network overhaul. Protocol-agnostic systems can switch between SFTP,
FTP, and HTTPS depending on the operational context, offering flexibility. This approach also reduces
configuration complexity, streamlining the process as networks expand. [15]

Integration of Centralized Protocol Management

Centralized protocol management platforms simplify protocol selection and troubleshooting. By utilizing
Network Management Systems (NMS) such as SolarWinds or Nagios, administrators gain real-time insights
into protocol performance. Centralized control also allows for automated failover protocols, where traffic
dynamically shifts to an alternate protocol in case of an outage or failure, enhancing resilience. Figures 1 and 2
showcase steps to troubleshoot and test a network to find where the problem is and integrate a protocol
management system thereafter.

Figure 2: Steps to troubleshoot a network

Figure 3: Network troubleshooting flowchart
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Optimized Firewall Configuration

Firewall rules must be carefully configured to ensure secure protocol communication. Overly restrictive rules
can block essential ports (e.g., 22 for SFTP, 443 for HTTPS). Conversely, overly lenient rules expose the
network to security threats. Solutions like stateful firewalls dynamically allow secure packets through while
blocking suspicious traffic. Regular firewall audits also ensure that only necessary ports remain open, reducing
the attack surface.

Advanced DNS Configuration

Domain Name System (DNS) plays a crucial role in protocol functionality. Protocols like HTTP and FTP rely
on correct DNS resolution to route traffic. Administrators must ensure that DNS servers are configured to
support advanced features such as DNSSEC (Domain Name System Security Extensions), preventing DNS
spoofing. Reverse DNS (rDNS) should also be employed to verify host authenticity before establishing any file
transfer session.

Protocol Stack Optimization

Optimizing the entire protocol stack can enhance the overall performance of the MFT system. This involves
tweaking kernel parameters (e.g., TCP window size, UDP buffer length) to optimize throughput and minimize
latency. For instance, enabling the TCP_NODELAY flag can reduce the latency of TCP-based protocols like
FTP by disabling Nagle’s algorithm, allowing packets to be sent without waiting for buffer accumulation.
Automation in Protocol Failover

Automation is essential in selecting the most efficient protocol under varying conditions. Protocol failover
mechanisms can be implemented using automated scripts within the MFT software. For example, when SFTP
experiences latency, the system should automatically switch to FTPS or HTTPS, preserving the data transfer
speed. Monitoring systems like Zabbix can also be configured to trigger protocol shifts based on predefined
thresholds for latency or packet loss. [16]

Implementation of Packet Inspection Tools

Deep Packet Inspection (DPI) tools should be integrated to analyze protocol-level traffic for any anomalies.
These tools allow engineers to inspect each packet, identifying malformed packets that could indicate security
threats or performance issues. DPI tools also enable the enforcement of strict protocol compliance, ensuring that
only authorized protocols are utilized.

Regular Protocol Audits

Protocols must be audited regularly to ensure they meet evolving security and performance needs. This involves
evaluating current protocol implementations and comparing them against industry standards such as NIST or
ISO 27001. Audits should check for protocol vulnerabilities, such as outdated encryption standards or
deprecated versions (e.g., SSL in place of TLS).

5. Comparative Analysis
Here’s a comparative analysis of key network protocols used in Managed File Transfer (MFT) platforms,

focusing on security, performance, reliability, compatibility, and cost:

Table 1: Comparative analysis of different FT protocols and functions

Protocol Security Performance  Reliability Compatibility  Cost

FTP Minimal Fast transfer Low reliability. High Low cost. Open-
security.  No speeds for Vulnerable to data compatibility. source
encryption by large files, but corruption and loss Supported by implementations
default. Data performance during transfer most systems available but

and credentials can degrade without additional and platforms may require
sent in plain under network error-check due to its additional tools
text. congestion. mechanisms. legacy nature. for security.
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environments.

configurations.

Secure. Slightly High  reliability. Moderate Moderate  cost.
Encrypted slower due to Ensures error  compatibility. Free and open-
through SSH encryption correction and Supported by source options
(Secure Shell), overhead but guarantees data most systems, available, but
providing efficient  for integrity. but SSH access may require SSH
strong data and most files, must be management
identity especially configured tools.
protection. small to properly.
medium-sized
transfers.
Secure. Uses Slightly High  reliability. Moderate to Moderate cost.
SSL/TLS slower  than Provides  secure high Free  versions
encryption, FTP due to communication compatibility. exist, but
providing encryption and robust error- Support varies SSL/TLS
flexible overhead but checking depending on certificates may
authentication  performs well mechanisms. SSL/TLS incur additional
mechanisms. in  optimized configuration. costs.
environments. Firewalls may
block  FTPS
traffic.
Very secure. Slower High  reliability. High Low to moderate
Uses SSL/TLS performance Guarantees secure compatibility. cost. Certificate
encryption, due to data delivery with Universally authorities may
offering robust encryption strong error  supported require
protection for and the correction and across purchasing SSL
data in transit.  overhead of integrity checks. platforms, certificates.
establishing especially web-
SSL/TLS based services.
sessions.
Secure. Similar  Fast High  reliability. Moderate Low cost.
to SFTP, using performance Ensures data compatibility.  Typically, open-
SSH for for small to integrity and Requires SSH source, though
encrypted medium  file secure  delivery, access; not as some enterprise-
transfers. sizes but lacks though less  widely grade
Limited to batch file efficient for very supported as implementations
point-to-point  transfer large files. FTP-based may incur costs.
file transfers. capability, protocols.
which can
slow  down
bulk transfers.
Very secure. High Extremely reliable. Low to High cost.
Connect:Direct Provides end- performance. Built for mission- moderate Licenses and
to-end Optimized for critical enterprise compatibility. support fees for
encryption and large files and environments, Primarily used enterprise
supports strong  high-volume ensuring error in  enterprise deployment.
authentication  transfers in  correction and environments
mechanisms. enterprise fault tolerance. with  specific
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Multipath
TCP (MPTCP)

AS2

HTTPS (REST
APIs)

Secure.
Combines
multiple paths
to increase
reliability and
ensure
encryption
along all paths.

Secure.
Provides
encryption,
digital
signatures, and
MDN
(Message
Disposition
Notification)
for end-to-end
security.
Highly secure.
SSL/TLS
encryption
ensures secure
data
transmission
and
authentication.

High
performance.
Utilizes
multiple
network paths
for faster data
transfer  and
bandwidth
optimization.

Moderate
performance.
Performs well
but adds some
overhead due
to encryption
and secure
messaging
layers.

Moderate to
high
performance.
Efficient for
lightweight
data transfers,
though large
data sets may
see slower
performance.

Very

reliability.
Automatically re-
routes traffic in
case of network
failure on one path.

high

High  reliability.
Acknowledgement
receipts ensure
messages are
successfully
received.

High  reliability.
Provides stable and
secure data transfer

with error
correction and
session
management.

Low to
moderate
compatibility.
Requires
specific (O]
support and
configuration,
typically  not

widely used for
MFT.

Low to
moderate
compatibility.
Primarily used
in EDI
(Electronic
Data
Interchange)
environments;
limited outside
of this domain.
High
compatibility.
REST APIs are
widely
supported
across
platforms
systems.

and

High cost.
Complexity in
setup and
configuration
can increase
operational

costs.

High cost.
Licensing fees
for commercial
use, particularly
in regulated
industries.

Low to moderate
cost. Free to use,

though API
management
platforms  may

charge fees for
higher usage.

SFTP, FTPS, and HTTPS provide strong encryption, ensuring secure file transfers, while FTP lacks security by
default. On the other hand, protocols like FTP and SCP offer fast transfers, but their security is minimal.

Multipath TCP and IBM Connect excel in performance, particularly for large-scale operations.

Enterprise protocols like IBM Connect and AS2 ensure maximum reliability with built-in error correction and
secure delivery mechanisms. However, FTP is the most universally compatible protocol due to its legacy status,
but HTTPS (via REST APIs) offers high compatibility for modern applications.
It is important to note that open-source options like SFTP and SCP offer cost-effective security solutions, while
proprietary protocols such as IBM Connect and AS2 require significant investment.

6. Conclusion

Selecting the optimal network protocol for Managed File Transfer (MFT) platforms is a multidimensional
challenge requiring a sophisticated balance between security, performance, reliability, compatibility, and cost.
Each protocol presents unique trade-offs, and organizations must conduct a thorough, context-driven analysis to
align these factors with their operational requirements. [12] [11] [10]
Protocols like FTP and SCP offer high-speed file transfer capabilities but fall short in security, making them
unsuitable for environments handling sensitive or regulated data. On the other hand, more secure protocols such
as SFTP, FTPS, and HTTPS ensure robust encryption and integrity mechanisms, but their performance can be
compromised due to encryption overhead and latency. [3] [11] [6]
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For high-throughput, mission-critical applications, proprietary solutions like IBM Connect Direct and advanced
protocols such as Multipath TCP offer unparalleled reliability, performance, and fault tolerance. However, their
high cost and limited compatibility make them suitable primarily for large-scale enterprises with complex
infrastructure demands. In contrast, open-source protocols like SFTP provide a cost-effective balance between
security and performance, though they may not scale effectively in high-volume environments. [14] [7] [2]
Protocol selection must also factor in evolving cybersecurity threats, compliance requirements, and the
increasing complexity of distributed networks. In environments requiring both scalability and flexibility,
adaptive protocols and protocol-agnostic solutions are essential, allowing seamless transitions across different
protocol layers without compromising security or performance. [3] [12] [2]

In conclusion, no single protocol offers a one-size-fits-all solution. Organizations must adopt a strategic, layered
approach, integrating performance optimization, security hardening, and robust failover mechanisms tailored to
their specific MFT architecture. Future trends in MFT will likely see increased reliance on dynamic, protocol-
agnostic architectures and adaptive security frameworks, further complicating—but also enhancing—protocol
selection strategies in modern data-driven environments. [14] [16]
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