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Introduction

The proliferation of telecommunication networks has required advanced management solutions that
can function within the limitations of embedded systems. Contemporary telecom infrastructure is
centered around embedded devices that have to juggle functionality with limited resources like
memory and processing power. The problem tackled in this research is the following critical challenge
of having high-performance, robust embedded management agents that could function effectively
within constrained resource environments while still having the ability to communicate with other
devices in the network for complete management operation.

The OptiMA Digital Loop Carrier (DLC) system” is a scalable fibre based Telecom product providing
Telephone and Internet services, developed in collaboration between TeNeT Group of IIT Madras and
Midas Communications Technologies and is one of the most complex examples of telecom
infrastructure. Relying on a hardware platform with a Blackfin 531 processor clocked at 400 MHz and
only 16 MB of RAM with 10Mbps Ethernet, the system demands low-level management protocols that
are capable of functioning under extreme resource constraints. The use of proprietary management
agents in the past has posed major standardization and interoperability issues, underscoring the
imperative for the deployment of standard management protocols designed specifically for embedded
environments.

This research offers an in-depth performance evaluation of the key network management protocols,
such as Simple Network Management Protocol (SNMP) versions 1, 2¢, and 3, Common Management
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Information Protocol (CMIP), and Embedded Web-Based Management (WBM). By evaluating the
processing power demanded, memory usage, and response time in a methodical way, this study seeks
to determine the best management solution for embedded telecom products and prove its application
within the optiMA network infrastructure.

Network Management Protocols and Implementations

The network management protocols landscape provides varied methods of device monitoring and
control, with each differing in architectural philosophies and degrees of implementation difficulty.
SNMP, as defined by the Internet Engineering Task Force (IETF), is the most ubiquitously deployed
management protocol because it is simple to implement and deploy. The development of the protocol
across versions 1, 2¢, and 3 has added functionality while preserving backward compatibility. SNMP's
scalar object model and simple request-response model make it especially suitable for resource-
limited environments.

On the contrary, the OSI/CMIP paradigm, used by the International Standards Organization (ISO),
offers a complete object-oriented solution to network management. CMIP deals with all seven layers
of the OSI reference model and supports inheritance rules for managed objects, allowing for greater
flexibility and extendability. The Telecommunication Network Management (TMN) standard, derived
from OSI CMIP/CMIS specifications, has a particular focus on telecommunications providers' needs,
and as a result, is a natural choice for telecom infrastructure management despite its complexity.
Embedded Web-Based Management is a philosophy shift in network management by embedding web
servers within management devices. This uses widespread HTTP protocols and common web
browsers to offer easy-to-use management interfaces without special client software. For this analysis,
the selected industry-standard implementations: NET-SNMP for SNMP protocol variants, OSIMIS for
the CMIP stack, and GoAhead WebServer for embedded WBM. These implementations represent
mature, widely-deployed solutions that provide meaningful performance benchmarks for embedded
system deployment.

Protocol Complexity Level [Resource Usage| Primary Use Case
SNMP v1/vac Low Low Simple monitoring
SNMP v3 Medium Medium Secure monitoring
OSI/CMIP High High Telecom management
Embedded WBM Low Low Web-based configuration

Table 1: Network Management Protocol Resource Requirements Analysis [3, 4]

Performance Analysis Methodology

The experimental framework was designed to accurately measure three critical embedded system
parameters: processing power consumption (in both user and kernel space), memory requirements
(static and dynamic), and response time for management operations. Given the unavailability of
native implementations for the Blackfin processor architecture, we established a test environment
with comparable specifications: an Intel Celeron 466 MHz processor, 16 MB RAM, 10 Mbps Ethernet,
closely mirroring the target embedded platform's capabilities. Performance profiling in virtualized
environments introduces specific challenges, as virtualization layers can add overhead ranging from
5% to 20% depending on the workload characteristics, requiring careful calibration of measurement
techniques to ensure accurate results when extrapolating to physical hardware [5].
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Memory analysis employed a dual approach using GNU objdump for static memory measurement and
a modified version of Valgrind for dynamic memory profiling. The Valgrind modifications addressed
two critical limitations: the 200-sample restriction on heap allocation tracking and the coupling of
stack usage measurements to heap operations. Dynamic binary instrumentation frameworks like
Valgrind operate by translating and instrumenting binary code at runtime, typically introducing a 20-
100x slowdown in execution speed but providing precise memory access tracking with byte-level
granularity [6]. The enhanced implementation directly writes allocation data to files and registers
separate handlers for continuous stack pointer tracking, ensuring comprehensive memory profiling
throughout agent execution without the limitations of standard Valgrind configurations.

CPU utilization measurement presented unique challenges due to the microsecond-scale execution
times of management operations. After evaluating various Linux profiling tools, including top, ps,
gprof, and OProfile, we selected OProfile for its ability to leverage hardware performance counters
with minimal overhead. Hardware performance counter-based profiling provides significantly lower
overhead compared to software-based approaches, typically adding less than 3% overhead while
maintaining microsecond-level timing accuracy [5]. Configured to count CPU cycles exclusively,
OProfile provided the granularity necessary to distinguish performance differences between protocols.

Me(a;:;g;n:;nt Primary Challenge Solution Approach
Memory (Static) Binary section identification GNU objdump analysis
Memory (Dynamic) 200-sample limit, stack tracking | Modified Valgrind with file output
CPU Usage Microsecond-scale operations OProfile with hardware counters
Response Time Network latency variations Multiple iteration averaging

Table 2: Performance Measurement Accuracy Across Different Analysis Categories [5, 6]

Comprehensive Performance Analysis of Network Protocols

Memory Consumption Analysis

The following graph presents a comprehensive breakdown of memory utilization across three distinct
categories for each evaluated protocol. The analysis reveals that Embedded WBM achieves the most
efficient memory footprint with 1,024 KB static memory and notably zero heap allocation due to its
pre-allocation strategy. SNMP v1 and v2c demonstrate similar profiles with 1,280 KB static memory
and approximately 260 KB heap usage. SNMP v3's security features increase memory consumption to
1,856 KB static and 512 KB heap, while CMIP exhibits the highest resource requirements at 2,432 KB
static and 768 KB heap memory. Stack memory remains relatively constant within protocol families,
ranging from 48-96 KB, indicating efficient stack management across all implementations.
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The CPU usage analysis distinguishes between user space and kernel space processing overhead for
each protocol. SNMP v1 and v2c¢c demonstrate minimal computational requirements at 1.8% and 1.9%
total CPU utilization respectively, with only 0.6% kernel overhead. WBM's connection-oriented HTTP
transport results in higher kernel space usage (1.8%) compared to its user space consumption (2.1%),
totaling 3.9%. SNMP v3's cryptographic operations significantly increase both user space (5.8%) and
kernel space (2.4%) utilization. CMIP shows the highest overall CPU consumption at 9.3%, with 6.2%
in user space and 3.1% in kernel space, reflecting the computational complexity of its object-oriented

management model.
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Response Time Performance

Response time measurements for single-object GET operations reveal significant performance
variations across protocols. SNMP v1 and v2c deliver the fastest responses at 12-13 milliseconds,
confirming their suitability for real-time monitoring applications. WBM's 45ms response time
includes TCP connection establishment overhead, though this penalty amortizes effectively during
bulk operations. SNMP v3's authentication and encryption mechanisms increase response time to
78ms, representing a 6x performance penalty compared to v2c. CMIP exhibits the highest latency at
125ms for standard operations, with specialized operations such as object creation (285ms) and
cancel-get (195ms) requiring substantially longer processing times, highlighting the trade-off between
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Comparative Performance Results

Memory consumption analysis revealed distinct patterns across the evaluated protocols. Embedded
WBM demonstrated the lowest memory footprint, utilizing a pre-allocation strategy that eliminates
heap operations during message transactions. SNMP v1 and v2c exhibited nearly identical memory
usage, slightly exceeding WBM requirements. Efficient SNMP implementations have shown that
careful design can minimize resource consumption while maintaining full protocol compliance,
enabling deployment in systems with severe memory constraints typical of embedded network devices
[7]. SNMP v3's security features resulted in measurably higher memory consumption, while CMIP
showed the highest base memory requirements despite efficient scaling for multiple object operations.
Notably, stack usage remained constant across multiple variable operations for all protocols, as agents
process variables sequentially rather than in parallel.

CPU utilization measurements indicated that SNMP vi and v2c required the least processing
resources, with negligible differences between versions. WBM consumed marginally more CPU cycles,
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primarily due to kernel-space overhead from its connection-oriented HTTP transport. The increasing
complexity of networking applications for embedded systems necessitates careful optimization of
protocol implementations to balance functionality with the limited processing capabilities available in
embedded platforms [8]. SNMP v3 and CMIP showed comparable CPU usage, significantly higher
than simpler protocols. CMIP's object creation operations proved particularly resource-intensive,
representing the most computationally expensive operation across all evaluated protocols,
highlighting the trade-off between protocol sophistication and computational requirements in
embedded environments.

Response time analysis corroborated the CPU findings, with SNMP v1 and v2c delivering the fastest
response times for single-object operations. Research on efficient SNMP implementations
demonstrates that optimized agents can achieve sub-second response times even when managing
complex MIB structures, making SNMP particularly suitable for real-time network monitoring
applications [7]. WBM's connection establishment overhead resulted in higher latency for individual
operations but demonstrated superior efficiency for bulk operations due to HTTP connection reuse.
SNMP v3's cryptographic operations and CMIP's complex object model contributed to substantially
higher response times, with CMIP's create and cancel-get operations showing the highest latencies
among all tested scenarios. The evolution of embedded networking applications continues to drive
innovations in protocol efficiency, as developers seek to maximize performance within the constraints
of embedded hardware platforms [8].

Implementation Architecture for optiMA Network

Based on the comprehensive performance analysis, we designed a hybrid management architecture
that leverages the strengths of different protocols for specific operational contexts. The optiMA
network's management requirements divide naturally into two categories: bulk configuration
operations performed primarily during system setup, and frequent small-scale monitoring operations
during normal operation. Policy-based management approaches have evolved significantly over time,
with historical analysis showing that successful implementations require careful consideration of both
technical and organizational factors when designing management architectures [9]. This dichotomy
informed our selection of Embedded WBM for the Local Element Management System (LEMS), which
handles the one-time bulk configuration required when Remote Terminals are first added to the
network, and SNMP v2c for the Remote Element Management System (REMS), which manages
ongoing monitoring and maintenance operations for the entire optiMA network infrastructure
including both Central Office Terminals and Remote Terminals. REMS is not only used for managing
COT locally, but all the RTs which are deployed remotely thru the fiber interface and that's the main
reason we call them REMS.

The optiMA telecom network consists of two main parts: a Central Office Terminal (COT)
and one or more Remote Terminals (RTs) connected through a fiber access loop.
For management, there are two systems:
¢ Local Element Management System (LEMS): connects directly to the RT using a web-
based interface (WBM).
¢ Remote Element Management System (REMS): connects to the COT using SNMPv2c.
Each terminal runs its own management agent:
e The RT agent manages only the devices inside the RT, using HTTP (WBM).
e The COT agent manages both local devices and also communicates with RTs through the
fiber link. It receives requests from REMS via SNMPvac, forwards relevant requests to RTs,
collects responses, and passes them back to REMS.
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To keep the design clean and maintainable, a Common Device Framework (CDF) is placed
underneath both the SNMP and WBM agents in the COT and RT.
Here’s how it works in practice:

e When LEMS sends a request to an RT via WBM, the RT’s CDF layer routes it to the
appropriate local device, applies the configuration or retrieves data, and sends the response
back to LEMS.

e When REMS sends a request to the COT via SNMPv2c, the CDF layer decides whether the
request is for devices in the COT or in one of the RTs.

o Ifit’s for a COT device, the CDF handles it locally.
o Ifit’s for an RT device, the CDF forwards the request over the fiber link to the RT. The
RT’s CDF processes the request, manages its local devices, and sends the response
back to the COT. The COT agent then returns the response to REMS via SNMPv2c.
In short, the CDF layer unifies device management across both COT and RT, ensuring that
requests are routed correctly, devices are managed consistently, and responses are returned to the
right management system.

This architectural approach successfully addresses the competing demands of functionality and
resource efficiency. The modular design facilitates future protocol additions or modifications without
disrupting the core device access layer. Historical perspectives on policy implementation demonstrate
that flexibility in system design is crucial for adapting to changing requirements over time, a principle
that applies equally to technical architectures in network management systems [9]. Furthermore, the
clear separation between protocol handling and device management enables independent
optimization of each component, crucial for maintaining performance in resource-constrained
embedded environments. Systematic studies of embedded software architectures reveal that well-
structured designs can significantly reduce development complexity while improving system reliability

Copyright © 2025 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative 250
Commons Attribution License which permitsunrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(60s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

and maintainability, particularly important considerations for long-lived telecommunications
infrastructure [10].

Layer Components Access Method| Function | Design Benefit
HTML Forms, MIB ‘e User .
Protocol Layer Handlers Protocol-specific interface Modular design
Common Device Management APIs |Unified interface| Abstraction | Component reuse
Framework
Device Layer Framer, C?ock Direct system Local control| Direct access
Synchronizer calls
ial P R P i
Interface Layer ROUTER, DLC, PHY Serial Port emote Proprietary
interfaces access integration

Table 4: Layered Architecture Benefits for Embedded Network Management Systems [9, 10]

Conclusions

This article demonstrates that optimal embedded management agent design requires careful
consideration of operational patterns and resource constraints rather than adopting a one-size-fits-all
protocol approach. The comprehensive performance evaluation reveals that Embedded WBM excels
in bulk operation scenarios and severe memory-constrained environments, while SNMP vi/vac
provides superior performance for frequent single-object monitoring operations. The hybrid
architecture implemented for the optiMA network successfully leverages these insights by deploying
different protocols for specific operational contexts, with the modular design facilitating future
enhancements without disrupting core functionality. The systematic evaluation methodology
developed, including enhanced profiling tools and measurement techniques, provides a framework for
assessing management protocols in other embedded contexts. As telecommunication networks
continue evolving toward more complex architectures, the principles of resource-efficient embedded
management established in this article become increasingly critical for maintaining effective network
operations while respecting the inherent limitations of embedded platforms.
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