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1. INTRODUCTION

The as system-on-chip (SoC) and intellectual property (IP) designs become more complicated,
functional verification has become one of the most important and resource-intensive parts of the design cycle.
According to industry reports, verification makes up almost 70% of the total effort to develop a SoC. This
shows how important it is to have verification methods that can be used again and again and moved around
easily [1], [2]. Because it encourages reuse, modularity, and automation, the universal verification
methodology (UVM) has become the de facto industry standard for functional verification [3]. But the fast
growth of heterogeneous SoCs, along with problems with security and performance, means that verification
strategies need to be improved even more.

In this case, portable verification IP (PVIP) is very important because it speeds up the design
verification process by allowing testbench parts to be plugged in and used again in different projects and
technologies [4], [5]. Portable VIP not only boosts productivity, but it also helps businesses keep up with
changing industry standards. As Accellera's portable stimulus standard (PSS) gains traction, the verification
community is investigating methods to improve the portability and cross-environment applicability of
verification scenarios [6].
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Reconfigurable architectures such as those employed in software defined radio (SDR) platforms
highlight the demand for robust and scalable verification methodologies, as their adaptive nature introduces
additional complexity in functional and performance validation [6]. Simultaneously, SoC verification has
evolved from merely assessing functional correctness to encompassing security validation, trust verification,
and power-aware verification, propelled by the emergence of new attack surfaces and the necessity for
energy-efficient design [7]-[9]. The incorporation of artificial intelligence (Al) and machine learning (ML)
into verification methodologies presents enhanced potential through the facilitation of predictive analysis,
intelligent test generation, and adaptive verification [10], [11].

This paper fills in these gaps by suggesting a UVM-based PVIP framework that lets you create
reusable, automated, and scalable verification environments for complex IP and SoC designs. Our method
aims to speed up the time it takes to get verification to market while still following new verification standards.
We do this by using portable stimulus, better testbench automation, and Al-assisted verification.

2. LITARATURE REVEIW

Numerous research initiatives have investigated various aspects of UVM and reusable verification
IP. Anwar et al. [1] proposed a cohesive framework for both static and dynamic assertion-based verification
in UVM, emphasizing its relevance for extensive SoC designs. Subramanyan et al. [2] and Reid et al. [3] also
showed formal verification methods for processor abstraction, which shows that formal and simulation-based
methods need to work together more closely.

Truong et al. [4] introduced fault, a domain-specific language for portable verification components,
while recent ACM and IEEE work [5], [6] focused on privacy-preserving verification and making
components easier to move around. At the SoC level, security-oriented studies like Meng et al. [7] and Kim
and Villasenor [8] have pinpointed weaknesses in cache-coherent and network-on-chip (NoC)-based
architectures, prompting the implementation of reusable security verification intellectual property.

With the introduction of AI/ML in verification, Rusu et al. [10] and Christakis et al. [11] suggested
frameworks for adaptive verification and automated safety analysis. These methods show how models that
learn can speed up the process of closing verification coverage gaps. Gruetter et al. [12] and Foster et al. [13]
also looked at testbench automation and interactive verification, which shows how important it is to be able
to reuse things in big SoC projects.

Verification standards are the most important part of interoperability. IEEE 1800.2-2020 (UVM)
[14], IEEE 1800-2017 (SystemVerilog) [15], and Accellera’s PSS [16] are the building blocks for portable
and standardized verification flows. SystemC [17] and PSL [18] add to this by making verification more
system-level and property-driven. These efforts show both the progress and the problems with current
methods. They show how important it is to have unified frameworks that bring together UVM, portable IP,
AI/ML, and industry standards.

3. RESEARCH METHOD

The proposed methodology aims to facilitate portable and reusable verification IP (VIP) within a
UVM-based framework, specifically focusing on intricate IP and SoC verification. Our method combines
standardized test bench parts, automated workflows, and scalability tools that make verification easier and
speed up time to market.

3.1. Universal verification methodology-based portable verification framework

We used the IEEE 1800.2-2020 UVM standard to make sure we followed widely accepted
verification practices. The framework is built around reusable parts like drivers, monitors, sequencers, and
scoreboards. This makes it easy to use for both IP and SoC-level verification. The suggested PVIP
framework is meant to make it possible to reuse and scale across different types of SoC verification
environments. The architecture uses UVM layers and makes it easier to set up, communicate, and test stimuli.
Figure 1 shows that the PVIP framework adds reusable parts to the UVM testbench while still working with
many protocols and design hierarchies. This modular design allows for configurability and reusability, which
means that the same verification IP can be used in different projects with only a few changes [1], [4], [15].

3.2. Portable stimulus and automation

The method uses the Accellera portable stimulus standard (PSS v2.1) [19] to make it possible to
move stimuli between simulation, emulation, and FPGA prototyping. Stimulus abstraction allows complex
verification scenarios to be used on different platforms, which improves coverage and cuts down on the need
for manual re-coding [20]. Drivers, monitors, scoreboards, and sequencers that work with the device under
test (DUT) make up the UVM-based verification environment. The reusable PVIP fits together perfectly,
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which cuts down on the work needed to redevelop IP and SoC levels. Figure 2 shows how the UVM-based
environment is set up and how it works with PVIP parts. By combining PSS with UVM, the testbench can be
used at both the block and SoC levels, making it cross-level portable. The pipeline includes coverage-driven
verification (CDV) and regression management, which makes sure that coverage metrics keep getting
better [21].
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Figure 1. High-level architecture of the proposed portable UVM-based verification framework
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Figure 2. UML representation of the UVM class hierarchy and reusable verification components

4. RESULTS AND DISCUSSION

We tested the proposed PVIP framework in a number of complicated SoC and IP verification
environments to see how well it could be reused, moved around, and worked compared to traditional UVM-
based testbenches. The draft simulation results you gave us were used to get the experimental data.

4.1. Verification reuse efficiency

One of the main advantages of the framework is that it lets you use verification parts over different
types of IP blocks. Table 1 shows how well UART [22], AXI [23], and MIPS [24] processor environments
can reuse things. The suggested method got more than 75% reuse in verification components, while
traditional UVM [25] only environments only got 45-55% reuse.

Table 1. Reuse efficiency of verification components
Design environment  UVM-only reuse (%)  Proposed framework reuse (%)

UART 48 77
AXI 52 81
MIPS processor 55 79
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4.2. Scalability for system-on-chip verification

The framework was used on a multi-core SoC with interconnects that were cache-coherent. The
results showed that the modular VIPs could be scaled up without much extra work, which cut the time it took
to develop tests by 35% compared to traditional flows. Figure 3 shows how the proposed PVIP framework
improves the reuse of verification components compared to normal UVM setups. The graph clearly indicates
that PVIP achieves higher reuse (above 75%) across different IP designs like UART, AXI, and MIPS, while
traditional UVM gives only about 50%. Figure 4 explains how the total verification effort is reduced in each
project phase. Because PVIP uses automation and reusable testbench parts, the time and effort needed for
setup, testing, and coverage are much lower saving around one-third of the total work.
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Figure 3. Verification reuse efficiency comparison

150 | —@— Traditional Verification

—a— Proposed Portable Verification IP
140 1
130 1

120 4

110 4

100 1

90 1

801

Verification Effort (Normalized Units)

70

T T T
IP Level Subsystem Level SoC Level
Various Levels

Figure 4. Verification effort reduction over project phases

Figure 5 compares the simulation times for different test cases. The proposed PVIP method runs
faster since it avoids repeated testbench setups and uses automatic test generation. On average, it gives about
30% faster simulation than the regular UVM method. Figure 6 presents the functional coverage achieved by
different verification methods. PVIP covers more test scenarios and reaches full coverage sooner because it
combines Portable Stimulus and intelligent test generation. This improves overall coverage by about 8-10%
over the normal UVM flow.

Figure 7 shows the trend of verification efficiency from 2020 to 2025. It highlights that efficiency
has improved over time with new methods like PVIP. The proposed approach continues to perform better in
reusability, automation, and simulation speed as verification technologies evolve. In Figure 8, comparison of
performance metrics across different verification methods (proposed portable UVM-based verification IP vs
baseline UVM, traditional directed testbenches, and Al-assisted hybrid verification) shows that coverage,
reusability, simulation speed, and time-to-market have all improved (2025 results).
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Figure 5. Simulation time comparison across test scenarios
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Figure 6. Coverage comparison across scenarios

We tested the proposed portable UVM-based Verification IP framework against three standard
methods: i) traditional directed testbenches and ii) standard UVM environments without portability
extensions. We ran simulation tests on typical SoC IP blocks, like memory controllers, UART, and AXI
interconnects, and we measured the proposed PVIP has 92% functional coverage, which is better than both
standard UVM (84%) and directed testbenches (71%). Also, reusability went up a lot, from 68% for standard
UVM to 87% for directed testbenches. This shows how well the proposed method works with portability and
modularity.

The portable UVM-based solution was 31% faster than traditional UVM when it came to simulation
speed. This was mostly because it used optimized transaction-level modeling and cut down on unnecessary
test sequences. The reduction in time-to-market was also significant (about 27% faster) compared to current
methods, which shows that the framework is useful in the real world. Al-assisted hybrid methods had a
competitive simulation speed (almost 28% faster), but they fell short in terms of coverage completeness and
reusability. This suggests that the proposed portable VIP strikes a better balance between efficiency and
reliability.

To enhance the reproducibility and credibility of the presented results, the experimental section can
be further elaborated with specific details about the verification setup. This should include the hardware and
simulation environments utilized (for example, Cadence Xcelium, Synopsys VCS, or Mentor Questa), the
benchmark IPs and SoC modules tested (such as UART, AXI, and MIPS processor cores), and the coverage
metrics adopted for evaluation (including functional, code, and assertion coverage). Providing these
specifications will ensure that the proposed ortable UVM-based verification IP framework can be effectively
reproduced, validated, and benchmarked by other researchers within similar verification environments.
Table 2 compares the performance of four different verification methods.
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Figure 8. Performance metrics comparison across methods (2025)

Table 2. Verification results comparison generated from the values

Methodology Functional coverage Reusability Simulation speed Time-to-market reduction
(%) (%) (tests/sec) (%)
Directed testbenches 71 42 100 0
Standard UVM 84 68 145 12
Hybrid Al-assisted verification 86 73 185 21
Proposed portable UVM-based 92 87 190 27

VIP

5. CONCLUSION

This work introduced a PVIP framework derived from the UVM to facilitate reusable and scalable
verification in intricate IP and SoC environments. The suggested framework made verification much easier
by using modular design principles, advanced testbench automation, and standards-driven integration. It also
made projects more reusable and adaptable.

The experimental results showed that verification efficiency improved in measurable ways, such as
shorter verification cycle times and better coverage closure than traditional methods. The integration of PVIP
not only made verification workflows more efficient, but it also made sure that different IP blocks worked
together, which sped up the time to market. In addition to performance improvements, the framework shows
how important standardization and portability are in today's verification ecosystems. The results show that
using reusable verification IP with UVM methods is a strong way to deal with the growing complexity of
SoC verification.
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