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Abstract- Achieving comprehensive coverage closure in modern System-on-Chip (SoC) designs has become
increasingly challenging due to escalating chip sizes and complexity. Despite the presence of toggle coverage generation
and monitoring mechanisms in Simulation and Formal verification, closing coverage remains effort-intensive and time-
consuming and consuming up to 20-25% of the overall verification cycle. Addressing this challenge necessitates a
paradigm shift towards a unified coverage methodology. To address this challenge, we propose a novel approach
leveraging Synopsys tools empowered by Artificial Intelligence and Machine Learning (Al-ML) technology across diverse
verification platforms - Simulation, Formal, and Emulation to expedite coverage closure at the SoC level. While coverage
analysis with simulation and formal has been a standard practice, our methodology expands the horizon by incorporating
emulation coverage into the unified coverage framework. Our methodology integrates a unified coverage generation
engine, streamlining the coverage analysis process and reducing redundancy. Additionally, we propose a methodology for
merging coverage databases across all platforms as well as IP, subsystem, and SoC levels, enabling consolidated coverage
analysis and effective identification of coverage gaps.

I.  INTRODUCTION

Coverage is a measurement of completeness in the verification of a design and an important metric of a design’s
readiness for tape-out. A comprehensive coverage model combines different coverage technologies and metrics to
ensure all valid design scenarios are exercised and validated. A typical verification cycle normally encompasses of
four phases: planning with verification intent, managing test runs, analyzing results, and converging techniques for
achieving coverage goal. All these stages are pretty much iterative process communicating with each other.
Comprehensive and integrated solutions would lead to faster and effective coverage closure.

Coverage closure for large IPs and SoC designs have several challenges that can significantly impact the overall
verification time:
e Design complexity : The intricate interactions among components make it hard to achieve comprehensive
coverage.
e  State Space Explosion: The exponential growth of possible states complicates exhaustive verification.
e Limited Simulation Time: Tight project timelines for design and verification.
o Identifying Rare hits and Corner cases: Rare but critical scenarios hard to hit takes lot of simulation runs
thus time.

Il. PROPOSED METHODOLOGY

In this paper, we will propose and talk about a Unified coverage methodology which can be used with various
verification platforms and during across all verification phases. By unifying coverage metrics and leveraging Al-ML

capabilities, our approach accelerates coverage closure and enhances verification effectiveness, ensuring robust



mailto:jprateek@synopsys.com
mailto:ajaygoy@synopsys.com

2024

DESIGN AND VERIFICATION™

DVLCOIN

CONFERENCE AND EXHIBITICN

validation of large and complex SoCs. Single Verdi® GUI tool to analyze the coverage results for all verification
platforms.

A Unified Coverage Methodology
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Figure 1: Proposed Coverage Methodology Flow Diagram
Phase 1: Accelerated UNR Analysis using Formal Technology

Enable Unreachability analysis flow (UNR) in early phase of the project for quick dead code analysis and exclusion
generations. Unreachability analysis in RTL (Register Transfer Level) simulation involves identifying parts of the
RTL code that cannot be executed or reached under any condition. This is crucial for optimizing designs and
ensuring that the RTL code is both efficient and correct.

imodule control  unit{
input wire clk.
input wire reset.
input wire [1:0] mode.
output reg control_signal

// State encoding

localparam MODE_ IDLE = 2'b00;
localparam MODE_RUN = 2'b01;

localparam MODE_STOP=2'b10;

// State transition logic
always (@(posedge clk or posedgereset) begin
if (reset) begin
control_signal <= 1'b0;
end else begin
case (mode)
MODE_IDLE: control_signal <= 1"b0;
MODE RUN: control signal<=1'b1;
MODE STOP: control _signal<=1'b0;
default: control_signal<=1"b0; // Default case to handle unexpected modes
endcase
end
end

Endmodule

Figure 2: UNR Example

The default case in the case statement handles any unexpected values of mode. However, since mode is defined as a
2-bit signal with only three valid modes, 2'b11 (which corresponds to 3) will never be a valid mode value in this
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design. Thus, the default case handles a situation that will never occur given the current mode definitions. This
makes the default case essentially unreachable.

UNR exposes the unreachable goals (in red color), so that you can target only the reduced set of goals (in blue color)
using directed tests in simulation. It uses the coverage database provided by you and invokes the formal engines for
analysis as it is independent of the stimulus. UNR finds the unreachable lines and conditions, thereby exposing the
hidden defects. You can also exclude an unreachable line or condition during report generation if it is hindering the
coverage closure.
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Figure 3: Coverage Analysis with Unreachability

Elimination unreachable code

Synopsys VC Formal® tool uses the same unified engine to generate cover goals as simulation and helps in read the
simulation coverage DB if exists to eliminate the already covered goals and reduced the formal model complexity.
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Figure 4: Exclusion Analysis using Synopsys Tools
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Accelerated Unreachability Analysis : VC Formal Auto-scale Technology for faster convergence

Unreachability analysis at the SoC (System-on-Chip) level faces significant capacity challenges due to the inherent
complexity and scale of these designs. SoCs integrate numerous components, each with its own state and transition
logic. As the number of modules and their interactions grow, the overall state space becomes enormous. This
complexity is further compounded by the need to analyze the interactions between these diverse modules, which can
lead to an exponential increase in the number of states and transitions that need to be considered.

In large designs, handling design complexity and large number of coverage goals is the biggest challenge in the
VCF® FCA/UNR setup. To address this issue, the common methodology followed is to manually partition the
design and perform coverage analysis. Manually partitioning the designs is not scalable as the iterative process to
define partitions for every design takes a lot of effort. Also, loss of information (for example, constants and
parameters) from the top module adds to the complexity of setup.

To overcome this issue, VC Formal® enables you to auto-scale technology to reduce the manual effort of
partitioning large designs to achieve convergence. Using auto-scale, you can:

e Instrument coverage goals for simulation coverage holes only.

e Handle design complexity intelligently while maintaining consistency with UNR exclusions.

e Target coverage metrics as separate tasks and process them in parallel.

Phase 2: Accelerated Simulation Coverage with Al-ML based Technology

Enable simulation coverage to generate coverage goals and monitoring results during functional verification. In this
phase, both functional coverage and code coverage including toggle, line, branch etc. analysis can be done but
typically at SoC level toggle coverage is more prominent. This is done at all levels of the System i.e. IP, Subsystem
and SoC. Synopsys VCS® Simulator provides 3 distinct AI/ML empowered technologies to boost this phase of the
coverage analysis and verification:

A. Intelligent Coverage Optimizer (ICO)

Synopsys VCS® Intelligent Coverage Optimization (ICO) addresses the limitation of achieving the user intended
stimuli distribution by using Reinforcement Learning (RL) to maximize diversity, and thereby achieving improved
stimuli quality. Constraint Solver (CS) generates input stimuli for a Design Under Test (DUT) at each stage during
simulation by solving a set of user defined testbench (TB) constraints at the current state, as shown in the figure

Stimuli Generator »| Design Under Test
{Constraint Solver) (DUT)
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Figure 5: Intelligent Coverage Optimizer

The quality of distribution of the generated stimuli is important as it can affect the number of verification cycles
needed to meet coverage goals. The distribution of the stimuli is skewed by some preferred ordering of variables,
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which are induced by the constraints such as solve before, dist, relational and solver’s affinity to certain variable
ordering due to tight time budget. By default, there is no active feedback mechanism to rectify the skewed
distribution.

It computes the compensated distribution on-the-fly and biases the solver with the compensated distribution to
nullify the skewness in the distribution and to maximize the diversity in the stimuli distribution, in both intra- and
inter-simulation runs. This helps to reduce the repeated generation of the same stimuli in the regression, and thereby
helps in improved and faster coverage closure. It also helps to expose volume/rare bugs and hard-to-hit scenarios.
This technology can be used in all the stages (early, mid, and late stages) of a project. It can also be used as early as
when the coverage model is not defined.

B. VSO.ai Technology : Coverage Diversification

Synopsys VCS® VSO.ai helps speed up functional coverage convergence, identify over-constraints affecting
coverage closure, and provide Root Cause Analysis (RCA) for SystemVerilog Constraint-based Random
Verification (CRV) testbenches.

e Automated Coverage Convergence: Reduces the number of runs required to get to coverage closure or
eliminates manual tests.

e Stimulus and Coverage Diversification: Finds more bugs in the testbench or design due to a more diverse
exploration of the coverage and stimulus space.

e Coverage Hole and Over-Constraint Identification and Root Cause Analysis: Reduces the debug time to
triage coverage holes or to identify over constraints, which cause coverage holes and can improve testbench
quality and reduce the potential for subtle bugs hidden by testbench over-constraints.

C. VSO.ai Technology : A Probabilistic Covering Approach

The goals of regressions are to efficiently validate the RTL DUT further to RTL or Testbench code changes
(revisions), primarily to flesh out bugs, improve confidence, and achieve the set coverage goals that act as indicators
of validation. Coverage can be collected from code such as line, toggle, and so on, and functional techniques such as
covergroups, cover property, and so on. Constrained random testing employ thousands of random seeds (test
instances) that vary the generated random stimulus thus activating different sections and features of the DUT. While
increasing the test instances to by chance hit the required validation and coverage goal remain a low hanging
approach to DUT regressions, the technique suffers from high redundancy between test instances, low coverage
Return on Investment (ROI) per test, low stimulus diversity, coverage saturation and inefficient utilization of
compute resources.

Design teams have managed to use seed-based grading techniques such as VCS® test grading to post-process the
regression and generate an optimal set of tests and seeds combination that could achieve the same coverage achieved
by the full regression. It is highly required to improve the regression efficiency, reducing Cost of Results (CoR),
Time to Results (ToR), and Quality of Results (QoR) without compromising the true purpose of DUT validation,
that are measured through bug buckets and coverage indicators, in a scalable way employing state of the art
techniques to perform efficient regressions.

VCS® VSO.ai reduces redundancy and increases coverage diversity in your random regressions to achieve a similar
level of coverage; it also increases the probability of covering rare and complex coverage targets. This is achieved
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by automatically identifying an optimized set of test runs and test options in a regression set comprised of directed
and random tests.

Phase 3: Formal Core Coverage and Connectivity Coverage

In this phase, enable formal core coverage along with formal property verification both at the IP and Subsystem
level and formal connectivity coverage at SoC level. Formal core coverage represents the code and toggle coverage
which is been hit during the verification of assertions and similarly, connectivity coverage is generated during the
connectivity verification. This is an important phase in coverage methodology where 15-20% of the overall toggle
coverage can be analyzed and achieved with the help of formal verification.

Formal Core
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Figure 6: Formal Core and COI Analysis

Phase 4: Formal Signoff Flow for Formal Coverage Analysis

In the formal signoff flow, coverage goals covered with the help of assertions are being analyzed and which also

helps in identifying the over constraint environment and the quality of the formal verification test environment.
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Figure 7: Formal Signoff Flow

Phase 5: Emulation Coverage Monitoring and Analysis

This is the last phase of the proposed coverage methodology where toggle coverage is been enabled in the
Emulation verification. It is the new expansion in the coverage framework where toggle coverage can be generated
using the same unified coverage engine used by Simulation and Formal, now in the Emulation Verification.
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Figure 8: Synopsys Emulation Coverage Flow

Il. RESULTS

VC Formal Auto-Scale Results

We have applied Synopsys VC Formal® Auto-Scale technology on various benchmarks including SoC &
Subsystem designs and observed significant gains in convergence time & results. Following are results from

different customer benchmarks where we achieved 100% convergence with auto-scale and able to detect 7-38%
unreachable code:
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Figure 9: Synopsys VC Formal UNR Auto-Scale Results

Emulation and Simulation Coverage Merging Results

We have enabled Emulation coverage flow on few customers SoC designs and successfully merged the coverage
database from 2 different verification platforms i.e. Emulation and Simulation. Following are the results of merging
with Single testcase ran in Emulation and 10 testcases ran in Simulation:

e erge Ot Enn (oL} Mooy | Ga SRt
Sl 118 801k W40 19Tk

Subsystem 1360 145 B | D3

Subgten] 3 5 D% | 44 A

Susystem3 1975 35k Bl 33 -

Figure 10: Synopsys Simulation and Emulation Merging Results

IVV. APPLICATIONS

. Accelerate toggle coverage closure at SoC level by leveraging coverage results from all platforms:
Simulation, formal and Emulation to left shift the verification cycle.

. Leverage coverage results from IP to Subsystem to SoC to achieve faster and efficient coverage closure.

. Reduce overall TAT by using Al-ML based coverage technologies.

. Catch Design and Testbench issues early in the project phase using Intelligent coverage optimizer and
VSO.ai.

. Reduce Verification overlap across various verification platforms.

. Single Verdi GUI platform to analysis the coverage results for all verification platforms.
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V. CONCLUSION

In this paper, we focused on proposing a Unified Coverage Methodology which includes AL/ML solutions for
improving stimuli quality, handling UNR convergence challenges at SoC level, achieving faster coverage by
optimizing the regression test suite in simulation and, leveraging all verification platforms such as Simulation,
Formal & Emulation for faster coverage closure. Adopting a unified methodology has multiple benefits, such as
o Unified coverage methodology addresses the challenge of comprehensive coverage closure in modern
SoC designs, reducing manual efforts and time consumption significantly.
e Integrating AI-ML technology across simulation, formal, and emulation verification platforms
streamlines the coverage process and enhances efficiency.
e Incorporating emulation coverage alongside simulation and formal techniques represents a novel
advancement, improving coverage closure efficiency.
e Merging coverage databases across IP, subsystem, and SoC levels facilitates effective identification of
coverage gaps, ensuring robust validation.
e Leveraging Al-ML capabilities accelerates coverage closure and enhances verification effectiveness,

enabling thorough validation of large and complex SoCs.

We have presented the impact of using various AI/ML solutions on the verification process across five different
projects. We showed that these solutions help us achieve faster coverage closure by optimizing the regression test
suite and better stimuli generation. Additionally, we discussed how we can perform unreachability analysis at the
SoC level using VC Formal Auto-Scale technology in the formal verification space. This unified methodology
allows us to boost productivity and efficiency without requiring extra manual effort thus effectively bringing

together multiple technologies for improved results.
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