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Abstract

Traditional firewall systems have not been enough to protect against quickly changing cyber
threats and growing business network infrastructures. This study looked into ways to make
Next-Generation Firewalls (NGFWs) work better so that they can stop threats at high speeds
in huge businesses. The study used a mixed-methods approach, which included both
experimental testing of NGFWs in simulated high-traffic situations and interviews with
cybersecurity experts. The results showed that performance optimization techniques such
policy rule consolidation, SSL/TLS inspection offloading, and hardware acceleration made a
big difference in throughput, latency, and CPU efficiency. Expert opinions also brought up
operational and organizational factors that affected how well these techniques worked in real
life. The results show how important it is to take an integrated approach to NGFW optimization,
balancing technological progress with the ability to deploy it and keep it safe.
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1. INTRODUCTION
The fast growth of digital infrastructures and the rise in complexity of cyber threats forced
big businesses to rethink how they protect their networks. Traditional firewalls were not
enough to deal with the complicated and changing nature of modern cyberattacks. They were
mostly built to do simple packet filtering based on source and destination IP addresses and
ports. As businesses started using cloud computing, IoT devices, mobile technologies, and
hybrid work patterns, their networks became more complicated and larger, which required
more modern security measures.
Next-Generation Firewalls (NGFWs) are a major step forward in network security. They
combine traditional firewall functions with new ones like deep packet inspection (DPI),

intrusion prevention systems (IPS), application-layer filtering, user identity management, and
threat intelligence feeds. NGFWs could find and stop advanced attacks including zero-day
exploits, encrypted malware, and multi-vector threats that classical firewalls couldn't handle
well enough. However, this added security came at a cost: NGFWs usually had to do more
processing and had longer delays, especially when there was a lot of traffic coming from many
sources, which is frequent in big businesses.

The need for NGFWs to look at encrypted traffic, which made up most of business
communications, made performance problems even worse. SSL/TLS inspection was important
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to find threats in encrypted streams, but it used a lot of computing power and often slowed
down throughput and increased packet processing delays. Also, big companies usually used
complicated and broad firewall rules to meet the needs of different business divisions,
compliance requirements, and user behaviors. These complicated rule sets made it take longer
to check packets, which caused bottlenecks and made the firewall less effective.

Because of these problems, network administrators and cybersecurity experts have to work
quickly to make NGFWs better. To make sure that NGFWs could stop threats without slowing
down the network, making it less reliable, or making the user experience worse, they needed
to apply effective optimization tactics. Some of these strategies were managing policy
rulebases to cut down on redundancy and speed up evaluations, using specialized ASICs or
FPGAs to speed up hardware acceleration, offloading SSL/TLS inspections to dedicated
devices or modules, and using parallel processing architectures to make better use of multi-
core CPUs.

Network administrators and cybersecurity specialists need to work fast to fix these
vulnerabilities with NGFWs. They needed to employ good optimization methods to make sure
that NGFWs could intercept threats without slowing down the network, making it less
dependable, or making the user experience worse. Some of these strategies were managing
policy rulebases to cut down on redundancy and speed up evaluations, using specialized ASICs
or FPGAs to speed up hardware acceleration, offloading SSL/TLS inspections to dedicated
devices or modules, and using parallel processing architectures to make better use of multi-
core CPUs.

2. LITERATURE REVIEW
Santos, Kampanakis, and Woland (2016) gave a full overview of Cisco's integrated NGFW
solutions, with a focus on ASA with FirePOWER services, Next-Generation Intrusion
Prevention Systems (NGIPS), and Advanced Malware Protection (AMP). Their work showed
how packaged services may make enterprise networks run more smoothly and make things less
complicated. It also showed how important unified threat management is. They also stressed
that NGFWs improved visibility and control, but they typically needed to be fine-tuned and
strategically deployed to keep throughput high when there was a lot of traffic.
Genge, Graur, and Haller (2015) undertook an experimental evaluation of network design
methods meant to keep industrial control systems (ICS) safe. They looked at different firewall
setups and segmentation methods in a simulated attack setting. They discovered that network
segmentation and deep packet inspection together provided a strong protection, but if not set
up correctly, they caused delay and performance issues. Their results backed up the idea that
network performance and security efficacy need to be balanced, especially in situations where
time is of the essence.
Al-Qahtani and Farooq (2017) suggested a multi-core enclave concept to protect big data
centers. Their research showed that parallel processing and processor separation might make
firewalls and intrusion detection systems far more scalable and responsive. The enclave-based
method showed that hardware-aware optimization, such as using multi-core architectures,
might help NGFWs handle a lot of concurrent sessions with little to no loss of performance.
Raj et al. (2015) focused on the point where high-performance computing systems and big
data analytics meet. They didn't only talk about firewalls, but they did talk about how large-
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scale data environments needed network security systems that could scan packets in real time
and find problems. Their research set the stage for using analytics-driven intelligence in
firewall decision-making, which improved both the accuracy of detection and the speed of
response.

Bul’ajoul, James, and Pannu (2015) looked into how Quality of Service (QoS) settings and
parallel processing technologies might improve the performance of network intrusion detection
systems (NIDS). Their tests revealed that setting QoS priorities for security-related traffic and
using multi-threaded processing made detection rates much higher and false positives far lower,
all while keeping latency levels tolerable. Their observations backed up bigger attempts to put
optimization tools right into NGFWs to make sure they work the same way all the time, even
when they are being used a lot.
RESEARCH METHODOLOGY
2.1.Research Design
This study used a mixed-methods research methodology that included both experimental
performance testing and qualitative expert interviews to provide a full picture of how to
optimize firewalls. The study had two parts: a performance evaluation based on simulations
and a qualitative look at how businesses deploy their systems.
2.2.Study Setting and Tools
The testing phase was place in a controlled lab setting that was similar to the conditions of a
large-scale enterprise network. There were high-bandwidth routers, NGFWs from different
companies (including Palo Alto Networks, Fortinet, and Cisco Firepower), and simulated
traffic generators that used technologies like Ixia Breaking Point and Ostinato. Wireshark,
NetFlow analyzers, and custom performance scripts were used to keep an eye on important
performance indicators including throughput, latency, packet loss, and CPU usage all the time.
2.3.Sample and Sampling Technique
For the qualitative part, 15 cybersecurity specialists who had worked with NGFWs in
businesses with more than 1,000 endpoints were chosen using purposive sampling. People that
answered the survey included network architects, firewall administrators, and SOC (Security
Operations Center) analysts from fields like finance, healthcare, and telecommunications.
2.4.Data Collection Methods
1. Experimental Testing: Different NGFW optimization techniques were applied under
controlled traffic scenarios, including:
Policy rule reordering and consolidation
Application-based traffic filtering
Hardware acceleration (e.g., ASIC and FPGA-based NGFWs)
SSL/TLS inspection offloading
Parallel processing and multi-core threading techniques Performance data were

o O O O O

collected before and after optimization to assess impact.
2. Semi-Structured Interviews: A structured questionnaire was used to guide interviews.
Key themes included:
o Challenges in NGFW deployment
o Strategies employed to mitigate latency or performance issues
o Perceived trade-offs between security and throughput
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o Lessons learned from real-world optimization
2.5.Data Analysis Techniques
e Quantitative data from the performance testing were analyzed using descriptive
statistics and paired t-tests to identify significant improvements post-optimization.
e Qualitative data from the interviews were coded thematically using NVivoe software.
Emerging themes were triangulated with experimental findings to enhance validity.
2.6.Reliability and Validity
To make sure they were accurate, performance tests were run several times with the same
amount of traffic. We used dual coding to make sure that the inter-coder agreement was reliable.
Using triangulation—comparing quantitative performance indicators with qualitative insights
to get a whole picture of optimization strategies—kept validity.

3. RESULTS AND DISCUSSION

This part showed and explained the results of a mixed-methods study that looked at the best
ways to optimize Next-Generation Firewalls (NGFW5s) in large-scale business settings. The
results were split into two groups: (1) numbers from lab-based performance tests and (2)
qualitative views from cybersecurity experts. All of these results together gave us a full picture
of how optimization strategies affected the performance of firewalls and the efficiency of
operations.
3.1.Quantitative Results: Performance Improvements After Optimization

We did a performance comparison utilizing baseline and optimized configurations on three
NGFW platforms. Throughput (Gbps), latency (ms), and CPU usage (%) were some of the
most important metrics measured when the system was under a simulated high-traffic load of
10 Gbps.

Table 1: NGFW Performance Metrics Before and After Optimization

NGFW Metric Baseline Post-Optimization %
Vendor Value Value Improvement
Palo Alto Throughput 6.1 8.9 +45.9%
(Gbps)
Latency (ms) 17.2 10.5 -38.9%
CPU Utilization | 85 62 -27.1%
(%)
Fortinet Throughput 6.7 9.5 +41.8%
(Gbps)
Latency (ms) 15.8 9.2 -41.7%
CPU Utilization | 88 65 -26.1%
(%)
Cisco Throughput 5.9 8.4 +42.4%
Firepower (Gbps)
Latency (ms) 18.1 11.3 -37.6%
CPU Utilization | 90 68 -24.4%
(%)
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Figure 1: NGFW Performance Metrics Before and After Optimization
The performance reviews of three major NGFW vendors—Palo Alto, Fortinet, and Cisco
Firepower—showed that things got a lot better after optimization measures were put in place.
Throughput went up a lot for all vendors. Palo Alto had a 45.9% rise, Fortinet saw a 41.8%
increase, and Cisco Firepower saw a 42.4% increase. This means that they can now manage
more network traffic. Latency, which is a key element in how quickly a network responds in
real time, also dropped significantly for each platform, by about 38% to 42%. This was due to
faster packet processing and less delay in sending data. There were also big drops in CPU
consumption: Palo Alto's usage dropped by 27.1%, Fortinet's by 26.1%, and Cisco Firepower's
by 24.4%. This suggests that resources are being managed more efficiently and that processing
overhead is lower. These results show that the optimization techniques used improved firewall
performance by increasing throughput and lowering latency while also lowering CPU load.
This makes threat prevention more scalable and efficient in large enterprise environments.

3.2.Effect of Specific Optimization Strategies

Further testing was conducted to isolate the impact of individual optimization strategies on
performance.

Table 2: Impact of Optimization Techniques on Average Throughput

Optimization Strategy Avg. Throughput % Change from
(Gbps) Baseline

No Optimization (Baseline) 6.2 —

Policy Reordering & 7.1 +14.5%
Consolidation

SSL Inspection Offloading 7.6 +22.6%

ASIC Acceleration Enabled 8.5 +37.1%

All Strategies Combined 9.2 +48.4%
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Figure 2: Impact of Optimization Techniques on Average Throughput
The study of several optimization algorithms showed that they had different effects on the
throughput performance of NGFW. With no optimization, the average throughput was 6.2
Gbps. Just adopting policy reordering and consolidation raised throughput by 14.5% to 7.1
Gbps. This shows that making firewall rules simpler and easier to understand helped speed up
processing. SSL inspection offloading raised throughput to 7.6 Gbps, a 22.6% increase,
showing that offloading the inspection of encrypted traffic that uses a lot of resources made the
firewall's job a lot easier. Enabling ASIC acceleration led to a bigger gain, increasing
throughput by 37.1% to 8.5 Gbps. This shows how important specialist hardware is for
speeding up packet inspection and handling a lot of traffic efficiently. The best boost in
throughput, 48.4%, was achieved by using all of the optimization procedures together, which
brought the speed up to 9.2 Gbps. This cumulative impact showed that using various
complementing optimization strategies together made the firewall work much better, allowing
it to stop threats without slowing down the network.
3.3.Qualitative Insights: Expert Opinions from Field Interviews
Professionals from various industries offered nuanced insights into the real-world feasibility
and constraints of implementing NGFW optimization strategies.
Thematic Summary from Interviews

Theme Summary of Expert Feedback
Policy Management Complex, overlapping rules increased inspection times;
Challenges periodic audits were recommended.
SSL Inspection Trade- While effective, it added latency without proper offloading or
offs hardware support.
Organizational Budget constraints and change management slowed adoption of
Resistance performance-centric upgrades.
Vendor Support Optimization success depended on vendor support and
Variability firmware maturity.
Best Practices Experts emphasized pre-deployment sandbox testing, traffic

profiling, and automation.
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3.4. Discussion

The experimental and qualitative results together showed that NGFW optimization was not
only possible from a technical point of view, but also very helpful in environments with a lot
of traffic. Businesses who used a multi-layered approach that included hardware-assisted
inspection, smart traffic profiling, and rule-base cleanliness saw real improvements in both
speed and the ability to find threats.

But the performance improvements were not the same for all setups, and they typically needed
to be tuned for each manufacturer. Real-world deployments also had to deal with administrative
and budgetary issues that could make it take longer to roll out the whole optimization package.
Also, security-performance trade-offs, especially when it came to deep packet inspection and
managing encrypted data, were still a problem that needed to be carefully balanced.

4. CONCLUSION

This study showed that targeted optimization tactics could greatly improve the performance of
Next-Generation Firewalls (NGFWs) in large businesses. Experimental results showed that
strategies including policy rule consolidation, SSL inspection offloading, and hardware
acceleration made throughput much better, latency much lower, and CPU usage much lower.
Cybersecurity experts also gave qualitative feedback that backed up these improvements. They
stressed how important it is to have strategic rule management, infrastructure readiness, and
vendor cooperation in order to get the best results. The study showed that technical advances
were clear, but it also showed that there were real-world problems, like financial constraints,
operational inertia, and compatibility issues, especially when it came to inspecting encrypted
traffic. In the end, it was decided that a holistic, context-aware approach to NGFW optimization
that combined technical changes with organizational readiness was necessary to strike a
balance between high-performance threat protection and the operational needs of a large
business.
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