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ABSTRACT

As digital systems continue to grow in complexity, especially within networking and SoC
domains, validating hardware before fabrication has become a pressing necessity. This project
focused on verifying the register interface of a Data Aligner IP, a module frequently used in
packet-based communication systems. The IP had a set of programmable registers used for
both data path alignment and control. Since the register behavior had to remain consistent even
when traffic patterns or timing conditions changed, validating this wasn’t trivial. Early in the
project, I noticed that manual register access and checking was becoming repetitive and hard
to scale. So I put together a UVM-based testbench with SystemVerilog and integrated a RAL

model to simplify the entire process.

The Register Abstraction Layer (RAL) was integrated after experimenting with a few manual
approaches, which proved time-consuming and error-prone. By transitioning to a structured,
script-based generation flow (using spreadsheet input for spec definition), I was able to create
an accurate register model, integrate it into the environment, and perform functional coverage

analysis efficiently.

Assertions were embedded early on to catch design mismatches, and constrained-random
sequences were written to stress corner cases. We simulated the register interface, which made
debug much faster. Instead of handling register behavior manually—something that quickly
became tedious and error-prone—I used RAL to automate how access sequences were built

and how checks were run.

During development, the register specification kept changing—sometimes just small updates,
sometimes entire fields added or removed. Instead of constantly modifying sequences or
rewriting checkers every time that happened, [ worked on making the testbench flexible enough
to handle these shifts. The point wasn’t to nail everything on day one—I just didn’t want to
waste time redoing the same stuff every time the spec changed. So I set things up with enough
flexibility that small changes—Iike renaming a field or adjusting a default—wouldn’t break
the whole environment. It wasn’t some perfect setup, but it worked, and over time it definitely

reduced the amount of rework and made life a bit easier as the project moved forward.
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Chapter 1

INTRODUCTION

This chapter talks about the main ideas underlying hardware design verification and why it's
an important part of making sure that digital systems work as they should. It talks about why
verification is important, the most frequent methods utilized, and the problems that come up
when making current ASICs and SoCs. The point of this is to get the report started, which is

about how to make verification faster by using automation.

1.1 Overview of Design Verification

Verification is an important step in the development of ASIC (Application-Specific
Integrated Circuit) and SoC (System-on-Chip) since it makes sure that a design works as
planned before it goes into production. As chips get more complicated, the need for strong
verification methodologies grows as well. Question’s such as “Is this feature fully tested?”,
“How will new functionality be validated?”” and “What defects exist and how were they

detected?” are central to the development lifecycle.

Verification isn't something you do just once. It starts early, frequently during the
architectural or microarchitectural planning phase, and goes on throughout the design
process. The major purpose is to make sure that the design fits all of the important needs,
such as safety, functionality, performance, and energy efficiency. Formal verification,
power-aware simulations, static analysis, and FPGA prototyping are now used along with
traditional RTL (Register Transfer Level) simulation to make sure that all areas are

covered.

If you don't find design faults before tape-out, you could have to do expensive re-spins,
launch products later, and lose a lot of money. So, in chip design, verification is not only a

technical need, but also a strategic one.
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Specification

Architecture Design

Logic Design

HDL Coding

Backend Process

Figure 1.1: Design Flow

1.2 Motivation

Functional verification has become one of the most important—and time-consuming—parts
of the design process as digital systems become more complex. With devices packing in more
features and pushing for higher performance, it's essential to use effective verification

strategies to ensure everything works as expected.

The main goal of this study is to improve the verification process, especially for reusable IP
blocks that are essential for managing data flow in networking and communication systems.
The focus is on finding smarter, more automated methods that reduce manual effort, increase

coverage, and speed up verification.
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A major part of this project involves building a Register Abstraction Layer using a custom
SystemVerilog class library. This approach is based on the UVM (Universal Verification
Methodology) register model and is aimed at making register-level verification faster, more

adaptable, and easier to manage.

1.3 Verification Fundamentals

Verification is basically the opposite of design. It starts with an implementation and works
backwards to make sure it meets the original requirements. Mistakes can happen because the
implementation is wrong or because the specifications are wrong. These problems can happen
because people misunderstand things, the requirements aren't clear, or the documentation isn't

complete.

Redundancy is often used to lower these kinds of risks. For example, using different methods
to carry out the same specification and then comparing the results can help find inconsistencies.

But this method is limited by cost and complexity, so it is only used a few times.

Another way to do this is to use synthesis tools that make implementations straight from
specifications. This method looks good, but it has some problems because high-level
specifications are often too vague and don't include the timing and structural details needed for

accurate synthesis.

1.4 Verification Methodologies

A strong verification method starts with a clear test plan that lists the features, operations, and
edge cases that need to be checked. Using scoreboarding methods, we keep track of progress,
and we use coverage metrics, mainly functional and code coverage, to measure the quality of

verification.

There are three main ways to do verification:

12




1.4.1 Simulation-Based Verification

This is the method that most people use. It means putting the RTL design into a testbench,
sending it input signals, and then checking the output against what you expected it to be. You
can make stimuli and reference outputs ahead of time or while the simulation is going on. There
are two types of simulation tools: event-driven and cycle-based. Each has its own performance

characteristics that depend on how complicated the design is and how the clock domain is set

up.

1.4.2 Formal Verification

Unlike simulation, formal methods don't use test vectors. They don't do this; instead, they use

math to prove or disprove things about the design:

o Equivalence Checking: This checks to see if two versions of a design, such as RTL

and gate-level netlist, do the same thing.

o Property Checking: This checks that the design meets certain requirements using tools

like model checkers.

Formal methods are powerful, but they have problems like figuring out what the right

constraints are and fixing properties that are written in a language other than the design.

1.5 Verification Challenges

Even with better tools and more efficient workflows, it's still hard to keep track of how chips

work. Here are a few important things to remember:

e Scenario Coverage: It's hard to think of every possible way a system could act, and
even harder to set up all those situations in a test environment. If the verification
environment isn't rigorous and flexible, a lot of edge cases or strange situations can

sneak through.

13




e Testbench Complexity: Making and keeping up with random testbenches is a lot of

work.

e Coverage Closure: Getting the last 20% of coverage often takes a lot more work than

the first 80%.

e Manual Iterations: It can take a lot of time and effort to debug and improve tests.

Because of these problems low-tech verification methods and automation are needed. Industry
trends are moving more and more toward making verification faster and cheaper by using

reusable parts, smart test generation, and automated environments.

14




Chapter 2

LITERATURE REVIEW

In this chapter, the basics of Register verification are discussed, and the literature of the

existing research works is presented.

2.1 Register Verification

Even the smallest components in a design, like configuration registers, can have a major impact
on system functionality. These registers are critical for ensuring that the design behaves as
intended, and verifying each bit and field is crucial, especially in complex SoCs or IPs where

registers and memory blocks make up a significant portion of the architecture.

Registers serve as the interface between software and hardware, and their accuracy is vital. As
the number of registers grows, so does the difficulty of keeping documentation,
implementation, and maintenance aligned. Manual handling increases the risk of errors and

reduces productivity.

Luckily, registers usually have a structure that is easy to guess based on the attributes of the
fields. This makes it possible to use a high-level description framework like RAL to set up
register architecture. This makes it possible to automatically create design code,
documentation, and verification components. This speeds up the process and makes sure that

all design, verification, and firmware teams are on the same page.

2.2 Importance of Register Verification

For example, a 32-bit Base Address Register (BAR) is used to map memory in host interface
protocols. You can tell how much memory the device needs by looking at the number of read-
only bits in the BAR. When the host sends OxFFFFFFFF and gets back 0xFFCO00000, it means
that 2 MB of memory is needed. If there is a design flaw that allows a read-only bit to be written
to, though, the readback could give back 0xFFE00000, which is only 1 MB. This difference
can cut the amount of RAM in half, which can lead to problems that are hard to find later in

the development process.

15




2.3 Traditional Workflow

The usual way to do things is for the architecture team to write up specifications first. When
these are done, hardware, software, and verification engineers each put their own ideas about
the register map into action. Tests are made and run as the design moves forward.
But when bugs are found or features change—whether because of design flaws or marketing
requests—everyone on all teams needs to make updates. These updates are often not done at
the same time, which causes the design, documentation, and test environments to be out of
sync.

In big designs, making RTL for hundreds of registers with different field attributes can take
weeks. After that, verification engineers spend more time making environments that can be
used again and writing tests for reset values, checking read/write access, and checking
attributes. If you change the address maps or register definitions, you have to make more
changes, which takes a lot of time and is easy to mess up.

This broken flow can cause problems and slow things down. Automating the process of

designing and checking the register can help with these problems.

enhancements

Verification Verifywith tests No—{( )
A4

Done!

Environment

Figure 2.1: Traditional Flow

Fundamentals of Register Verification:
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2.3.1 Creating a Test Plan

A solid verification plan is the foundation of effective register testing. It typically includes:
o Reset/Default Value Tests: Ensures each register field initialises correctly after reset.

o Attribute Tests: Validates access types such as Read-Only (RO), Read-Write (RW),
Write-Only (WO), and Write-One-to-Clear (RW1C).

o Functional Tests: Confirms that register values trigger the correct hardware behaviour,

such as state machine transitions or control logic.

2.3.2 Verification Methodology

The basic plan is to write a value to a register, read it back, and compare it to what you expect
it to be based on the register's attributes and masks. You should test each bit at both logic levels
(0 and 1). It is important to get full functional coverage, and only using directed tests can be

dangerous and not very effective.

2.3.3 Efficient Test Case Design

If you write separate tests for each register, you could end up with hundreds or thousands of
test cases, each of which needs full design initialization. This takes a lot of time and resources.
Combining default value and attribute checks into one test is a better way to do things. This
cuts down on the number of simulations and the time it takes to run them, from days to hours.

Functional tests, on the other hand, may still need separate cases for each scenario.

2.3.4 Addressing Edge Cases

Corner cases must be considered to ensure comprehensive verification. For example, if
register addresses are incorrectly mapped in the design, writes and reads may target the wrong

locations—an issue that’s difficult to detect without thorough testing.

2.4 Literature Survey

This section presents the literature review of the research work carried out in recent years based

on functional verification.
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G. Sharma et al. []] introduced a register-aware verification framework that employs
Register Access Technology (RAT) in UVM settings to make it easier to check complex
SoC/IP designs. Their solution is centered on making the register database available and
automating the creation of testbenches to cover more functions and speed up the verification
process. The results showed that the new approaches were better and faster than the old ones

that used UVM and SystemVerilog.

Paul C. Attie et al. /2] came up with a new way to check quorum-based distributed register
emulation algorithms when there are crashes that can't be detected. Their method uses
projection and abstraction to make model checking easier by only looking at subsystems that
have a set number of processes. This method solves the state-explosion problem and makes
verification possible on a larger scale. The method not only checks for correctness, but it also
helps find duplicate algorithms, which makes it useful for many types of fault-tolerant

distributed systems.

L. Ghosh et al. [3] came up with a new design-for-verification method that is meant to
improve RTL-level verification that is based on simulation. To improve simulation coverage
and error detection, the method involves adding extra, well-known behavior to the circuit being
verified. The extra parts are taken away after verification is successful, leaving the original
design. Tests on different industrial circuits showed that this method works and has a lot of

potential for making verification better.

U. Bhiogade et al. /4] looked into how to use Embedded UVM (EUVM) to improve
hardware-software co-verification in SoC environments through the Register Abstraction
Layer (RAL). EUVM is an open-source version of the IEEE 2020 UVM standard that works
with multiple cores. It helps UVM testbenches become native binaries that can be used on
embedded platforms. This method combines the best features of current UVM methods to
deliver a system-level view of functional verification. The research looks at EUVM from the
perspectives of RTL designers, device driver developers, and system engineers. It shows how

it might help bring hardware and software testing closer together.

J. Pasagic et al. |5] talked about how to move from checking register and fortress and
memory models by hand to checking them automatically crashing IP-X The paper stresses the
need for standardizing this process with tools like the Magillem UVM generator, which makes
verification more efficient and lowers the chance of logic and functional errors. The study also
points out that industry data shows a constant specification error rate of about 45%, and that
32% of design respins are caused by changes to the specifications. The authors say that register

verification should be a part of the overall device development strategy. They also stress the

18




importance of having verification environments that are flexible, configurable, and

reproducible at all levels of abstraction.

FES1#E et al. [6] proposed a read-only register verification test platform based on the
Universal Verification Methodology (UVM). The platform includes a UVM-based test frame
and a digital design module with a register and a register read-write bus interface. The UVM
test sequence interacts with the design module via a UVM sequence generator and utilises the
Verilog Programming Interface (VPI) to perform internal signal assignments. This method
significantly improves verification efficiency and enhances confidence in the correctness of

read-only register behaviour.

FESIE et al. |7] proposed a UVM-based write-only register verification test platform
comprising a UVM test framework and a digital design module (DUT) with a register and a
register read-write bus interface. The UVM test sequence interacts with the DUT via a UVM
sequencer and accesses internal signals through the Verilog Programming Interface (VPI). This
method enhances verification efficiency and improves the credibility of write-only register

verification by enabling precise control and observation of internal DUT behaviour.

N. Kim et al. [§] came up with a formal verification-based method for checking registers
that automatically makes full access policy specifications for IP memory-mapped registers.
This method is different from traditional simulation-based methods that depend on manually
written specifications. Instead, it uses formal techniques to come up with specifications, which
are then checked by hand to make sure they match the design intent. The authors came up with
a new register model that fixes the problems with how UVM and IP-XACT access policies can
be too limited in what they can say. The method worked well on three industrial designs,

showing that it can improve the accuracy and automation of verification.

P. A. Abdulla et al. /9] addressed the verification problem for Communicating Register
Automata (BDRA), an extension of classical register automata that supports dynamic process
creation. In this model, each process maintains a mailbox for message storage and a finite set
of registers for storing process IDs. Processes can send messages to the mailboxes of other
processes that are listed in their registers so that they can talk to each other. The major purpose
of the study is to find out if there is a configuration that causes at least one process to get into
an error condition. The authors explain in detail the decidable and undecidable subclasses of
BDRA for different channel configurations. This helps to construct the theoretical foundations

of validating distributed systems.

K. Kim et al. [10] developed a highly reliable safety-class controller for Nuclear Power

Plants (NPPs) using a diversity-based approach that operates a PLC-type and a PLD-type
19




controller in parallel. For the PLD-type controller, structured testbenches were built using
UVM classes to perform functional verification. A UVM register model was added to the
testbenches to make it easier to operate and watch the DUT. This made it easy to easily inspect
the data pathways between the register sets and the 1/O ports. This strategy made it easier to
undertake systematic constrained random verification and got rid of the necessity for hard
black-box testing. The study showed that UVM register models are better because they can be
used in more than one way, are easier to scale, and work with other models. It also suggested

design rules for checking the safety of NPP controllers.

T. Darko et al. [11] talked about how standard UVM documentation doesn't do a good job
of supporting bit-resolution access and complex buffer mechanisms that are needed for serial
interfaces like SPI. They suggested improvements to the UVM Register Abstraction Layer that
would allow for the modeling of these features while still being compatible with passive
operation, which is very important for reusability in verification environments. The suggested
solutions can be used with other serial bus interfaces and can be changed to deal with new

problems that come up with serial access protocols.

K. Radha et al. [12] discussed using a Python script to automatically generate UVM-RAL
(Register Abstraction Layer) models. Their approach includes built-in checks for correctness
and produces complete UVM register packages. This method differs from earlier techniques
that relied on Synopsys tools to convert CSV or Excel files into RAL models. The script uses
register data files to make all the UVM class parts it needs, such as variables, constructors,
factory registrations, tasks, and functions. This automation makes it much easier and faster to
set up UVM environments from scratch. It also speeds up the verification process by quickly

making full and correct models of the registers.

T. Timisescu et al. [13] employed the UVM Register Abstraction Layer (UVM_REGQG) to
look into a part of SoC designs that hasn't been studied as much: memory verification. The
authors showed how to employ memory sequences produced for one block in different
verification environments in a vertical approach. The "front-door" method changes abstract
memory operations into real bus transfers, which makes it easier to add memory sequences to
multiple testbenches. This method makes it easier to use and more consistent to check memory

subsystems.

2.5 Problem Formulation

Based on the literature review, the following research gaps are identified:
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Modern SoC/IP designs are getting more complicated, especially when it comes to the
amount of registers and the connections between them. This has made old ways of checking
things obsolete. Limited observability, fragmented tool support, and manual testbench
development all lead to inefficiencies, inadequate coverage, and an increased chance of

functional mistakes [5].

While methodologies such as UVM and tools like IP-XACT have introduced standardisation
and reusability [5], they fall short in addressing advanced verification needs, such as dynamic
register behaviour [1], serial interface modelling [11], and scalable memory subsystem

verification [13].

Furthermore, the lack of automation in generating UVM Register Abstraction Layer (RAL)
models [12] and the limited support for formal verification techniques [8] hinder the ability to
achieve high confidence in functional correctness, especially in safety-critical [10] and

distributed systems [2], [9].

Most well-known solutions only things like read-only [6] or write-only [7] registermore

verification, van rely on vendor-specific tools that limit flexibilityes and extensibility [12].

So, the main problem is to create and put into action a single, automated, and scalable

verification framework that:

Automatically creates UVM-based register and memory models from structured inputs

(like CSV, Excel, and IP-XACT) [12]

e Combines Register Access Technology (RAT) and formal verification methods to

make coverage and correctness better [1], [8]

e Can handle complex verification situations like dynamic register interactions [ 1], serial

protocols [11], and memory reuse [13]

e UVM features such as VPI and frontdoor/backdoor access [6], [ 7], make it easier to see

and control things.
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o It also makes sure that things can be reused, configured, and work with a wide range

of verification environments, including embedded [4], and safety-critical systems [10].

This formulation lays the groundwork for creating a strong verification solution that fixes
the problems with current methods and meets the needs of next-generation VLSI design

verification.
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Chapter 3

Register Model and Integration Overview

3.1 Overview

Base addresses, default values, access permissions, and security settings are just a few of the
things that make up register specifications. These properties often change during the design
process, which makes it harder and harder to check registers. It can take a lot of time and be
easy to make mistakes when you have to make changes to the whole testbench and verification
environment, especially when you have to deal with hundreds of registers.
This chapter talks about different kinds of registers, what they are, what they do, and how

register access is handled using a register model.

3.2 Register Specification

In hardware systems, functional blocks that interface with host processors are typically
controlled through memory-mapped registers. Each bit in the address space corresponds to a
hardware flip-flop. Software interacts with these registers to control hardware behaviour,

forming what is known as the hardware-software interface.

Registers are split into fields, and each field has a name (a mnemonic) that helps you

remember it. You can get to each field in a number of ways, including:
e Read-Only (RO)
e Read-Write (RW)
e Write-One-to-Clear (RW1C)
Some fields or registers may be set aside for later use or not used at all.
Registers are generally categorised into:
o Configuration Registers: The host can get to them.
o Internal Registers: These are used inside the IP and the host can't see them.

There are things like offset, name, size, and description for each register. Lock mechanisms,
shadow registers, and hierarchical paths are some of the more advanced features. There are

blocks of registers, and each block has its own base address and metadata.
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Table 3.1: Attributes Overview

Field Attributes Register Attributes Block Attributes
Description Description Description
Name Name Name
Starting Bit Offset Address Base Address
Size Reset Value —

Access Type Width —

Register specifications are often maintained in spreadsheets and later converted for automation.

3.3 Register Model Use Flow

A register model is a way to use software to show control registers and memory in a
verification environment. The Register Abstraction Layer (RAL) idea is what most people use

to make it.
The RAL model:
e Includes predefined tests and optional functional coverage.
e Supports both front-door and backdoor access.
o Enables automation of register verification in large, complex designs.

Once generated, the model can be compiled with other testbench components. Any changes
in the register specification only require re-running the generation script—manual updates are

not needed.

Registers are accessed by name using RAL methods, ensuring that the environment stays

synchronised with the latest specification.

3.4 Register Model Integration Overview

To add a register model to a testbench, you need the following parts:
e Adapter: Changes RAL transactions into sequence items that can be used on the bus.
e Bus Agent: Sends these sequence items to the DUT through a driver.
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e Predictor: watches bus transactions and makes changes to the register model as

needed.
e Register Model: A group of SystemVerilog classes that show the register map.

The adapter reads the RAL data and makes transactions. The bus agent carries out these

transactions, and the predictor makes sure that the model shows the current state of the

hardware.
Table 3.2: Integration Components
Component Description
Register Model SystemVerilog classes representing the register map.
Adapter Converts register operations into bus-compatible transactions.
Bus Agent Sends transactions to the DUT via a driver.
Predictor Updates the register model based on observed bus activity.

This integration ensures that the verification environment remains consistent, scalable, and

maintainable, even as the design evolves.
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Chapter 4

Implementation of Register Abstraction Layer (RAL)

This chapter outlines the practical application of the Register Abstraction Layer (RAL) in
the context of register verification. It details the integration process, the components involved,

and how register access is managed within a verification environment.

Top-level env
Register block
Register block
| |
| |
| |
L | L |
References ‘ Y
1 1
Env 1 1
Coverage Predictor p————{ Adapter

¥

Config

Agent

SGQ'r ‘-n————

9 .

Monitor Driver

Figure 4.1: Register Abstraction Layer
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4.1 Adapter

The adapter translates between general register operations and the specific bus protocol used
in the design. In UVM-based environments, this is usually done by adding to the
uvm_reg_adapter class. The adapter changes transactions at a high level into sequence items at

a bus level and the other way around.

In this project, the adapter only works in one direction. It gets the register name from the RAL
model, finds the right register object in an internal associative array, and gets its address. The
adapter chooses the right agent to handle the transaction based on a user-defined attribute called

access_path. The transaction is then limited and sent to the bus agent to be carried out.

4.2 Bus Agent

The bus agent is a standard verification part that has a sequencer, a driver, and a monitor. Its
major task is to link to the DUT by making and keeping track of transactions at the pin level.
In this setup, the adapter initiates a short sequence that runs via the sequencer and then to the
driver. After that, the driver either reads or writes to the bus. For read operations, the testbench

gets the result back.

4.3 Predictor

The RAL model keeps a mirrored copy of each register's value that is updated with each
transaction. You can change this mirror by hand using the predict and update methods, or you
can let a monitor do it for you. The monitor keeps an eye on bus-level activity and makes

changes to the mirror as needed.

In systems with more than one master, manual updates might not pick up changes made by
other agents. In these situations, it's better to use a monitor for automatic updates. For systems

with only one master, manual updates are usually enough.

4.4 Front Door and Back Door Access

Registers can be accessed in two primary ways:

e Front Door Access: Involves using the standard bus interface, which consumes

simulation cycles and adheres to protocol timing.
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e Back door Access: Bypasses the bus and directly accesses the register using its HDL

path, allowing for faster configuration and verification.

Backdoor access is especially useful for initialising large numbers of registers quickly and for

verifying write-only registers or detecting address decode issues.

4.5 Test and Test Sequence

You can set up the test environment during the build phase so that certain parts can be turned
on or off. In the run phase, RAL base class methods are used to access registers and run user-

defined sequences.

A normal test flow looks like this:
1. Checking the reset value of a register by reading it.
2. Putting down a new value.
3. Reading again to make sure the write and access attributes are correct.

Functional verification tests are done separately, but default value and attribute checks are

often done together to save time.

4.6 Handling Special Cases

4.6.1 Lock Bits
Some registers have fields that depend on the state of other registers—these are known as
lock bits. Handling them requires custom logic, often implemented in the base class using user-

defined attributes. This approach simplifies test development and ensures consistent behaviour.

4.6.2 Write-Only Registers

You can't check write-only registers with front-door reads because they always return zero.
Instead, backdoor access is used to make sure that the write was done right. In the RDL, you
need to define the register's hierarchical path for this to work. Writing through the front door
and reading through the back door makes sure everything is correct and saves time on the

simulation.
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4.6.3 Special Bits
Test sequences shouldn't include things like "reset" or "enable." Writing to these bits can reset
the design or turn off parts of the system, which can mess up the verification process. Other

edge cases are sequences that interact with registers during initialization, which need to be

handled with care.

4.7 Implementation Algorithms
4.7.1 Register Verification Flow

Input: User-defined register verification sequence

Output: Register-level pass/fail status

1. Begin
2. Initialize or configure the test environment, if required
3. Invoke the user-defined register verification sequence

a. Apply stimulus

b. Monitor register behaviour

c. Capture response and check against expected values
4. Log results (pass/fail)
5. End

4.7.2 Register Attribute Verification Sequence

Input: Top-level RAL model

Output: Pass/fail status for register field attribute verification across all sub-IPs

1. Begin
2. Obtain pointer to the top-level RAL class
3. For each register file in the RAL hierarchy:
a. Retrieve register file pointer
b. For each register in the file:
1. Retrieve register pointer
i1. Perform reset value check
iii. Perform attribute check:

- Update RAL model if necessary
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- Generate appropriate write data

- Write data to register

- Read back and verify against expected value

- Apply RW1C protection logic to avoid unintentional bit clearing
4. Repeat steps 3a—3b for all register files across 15 sub-Ips
5. Log overall test results (per sub-IP)
6. End

4.7.3 RAL Access Adapter Sequence Algorithm

Input:

e reg name: Name of the target register
e data: Data to be written (if applicable)
e op_type: Operation type (e.g., READ, WRITE)

Output:

e Read data (if op_type == READ)
e Pass/fail status or transaction completion indicator

Begin
Use user-defined utility to retrieve physical address of reg name

Based on op_type, set opcode and direction

b=

Constrain the sequence object with:
a. Register address
b. Data (for WRITE)
c. Opcode and access path
5. Launch the sequence on the corresponding sequencer (e.g., APB/AXI)
6. Ifop_type is READ, return the received data
7. End
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Chapter 5

WORK DONE AND RESULT DISCUSSION

5.1 Test Plans

The table below outlines the various test scenarios used to verify the functionality of the

Registers. These tests ensure that both typical and edge cases are covered during verification.

Table 5.1; Test Plan

S. No. Verification Objective Test Method
1. All registers have the correct reset value per | Read the registers and compare returned
the register specification. data against the default value in RAL.
2. Registers can be written and read Read-Write-Read each register in the IP
successfully, and don't impact other registers in two different orders.
in the same IP.
3. FUB's common code for accessing the Read-Write-Read one register on each
address space works. FUB using each supported address
space.
4, FUB's common interface code works across | Read-Write-Read one register on each
each address space. FUB on each HW-accessible interface
using each address space. Includes
illegal values to confirm they behave
appropriately.
5. Ensures back-to-back reads work correctly. | For each FUB, Read-Read-Write-Write-
Read-Read & reads must happen in
immediately adjacent bus cycles.
6. Ensures back-to-back writes work correctly. | For each FUB, Read-Read-Write-Write-
Read-Read & writes must happen in
immediately adjacent bus cycles.
Table 5.2: Different modes for the Attribute test
MODE: 0 Write one register at a time, followed by read and check.
MODE: 1 Write all registers, followed by read and check for all.
Write one register at a time, followed by read and check, then read and check all
MODE: 2 )
registers.
Register alias testing. write one register at a time, followed by read and check
MODE: 3
all registers.
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5.2 Register Testing Summary

5.2.1 Reset Value Verification
After asserting a reset, all registers were read, and their values were compared against the
default values defined in the RAL model. This confirmed that the DUT correctly initialises all

registers as per the specification.

5.2.2 Attribute Register Access — Mode-Based Testing (Modes 0-3)
Each register was written with a test value and then read back to verify data integrity. This
was repeated across four attribute modes (Mode 0 to Mode 3) to ensure consistent behaviour.

The test confirmed that registers are writable, readable, and isolated from each other.

5.2.3 Register Access Order Independence
Registers were accessed in different sequences (e.g., out-of-order Read-Write-Read) to
validate that register operations are order-independent and do not interfere with one another.

This ensured robustness in access patterns.

5.2.4 Address Space Access Validation
One register per FUB was accessed using each supported address space. Read-Write-Read
operations were performed to confirm that the common code correctly handles address

decoding and access routing across all address spaces.

5.2.5 Interface-Level Access and Error Handling
Registers were accessed through all hardware-accessible interfaces using each address space.
Illegal values were also injected to verify that the design handles invalid accesses gracefully.

This confirmed interface-level robustness and error handling.

5.2.6 Back-to-Back Read Operation Verification
A sequence of Read-Read-Write-Write-Read-Read was executed with the read operations
occurring in immediately adjacent bus cycles. This tested the DUT’s ability to handle

consecutive reads without timing or data issues.

5.2.7 Back-to-Back Write Operation Verification

Similar to the previous test, a Read-Read-Write-Write-Read-Read sequence was used, but
the focus was on verifying that two consecutive write operations in adjacent bus cycles are
handled correctly. This validated timing compliance and data integrity under high-throughput

conditions.
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5.3 Tools Used in Verification:

5.3.1 Synopsys VCS is a popular verification tool that has fast simulation engines and full
support for System Verilog. It uses Fine-Grained Parallelism (FGP) to run tests faster
on multiple cores. It has a number of new features, such as Synopsys Design
Constraints (SDC) verification, Intelligent Coverage Optimization (ICO), and Dynamic
Test Loading (DTL). These features make it easier to find bugs early in the design
process.

Key benefits:
¢ Industry-standard simulation engine
e Broad System Verilog support

¢ Built-in support for coverage analysis and debug tools

5.3.2 Synopsys Verdi is a powerful debugging tool that makes it easier for design and
verification engineers to understand complicated designs. It has automated tools for
tracing behavior and finding errors, which cuts down on debugging time by 50% or
more. Verdi has a full-featured waveform viewer, a source code browser, and a
waveform comparison engine.

Key features:
e Automates tracking and behaviour analysis
e Flexible logic views for enhanced debugging

e Saves time in complex debugging tasks

5.4 Result and Wave

5.4.1 Waveforms confirm that, following reset, all registers return their default values as
specified. Read operations retrieve data matching the expected reset values defined in

the Register Abstraction Layer (RAL), verifying correct initialisation behaviour.
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Figure 5.1: Reset Test

5.4.2  Waveforms demonstrate that all registers within the IP can be written to and read back

successfully, with no unintended interaction between registers. Read-Write-Read

operations confirm data integrity and register independence.

Figure 5.2: Attribute Test Mode 0

Figure 5.3: Attribute Test Mode 1
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Figure 5.4: Attribute Test Mode 2

Figure 5.5: Attribute Test Mode 3
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5.4.3  Waveforms demonstrate that all registers within the IP can be written to and read back

successfully in varying sequences, with no unintended interaction between registers.

Read-Write-Read operations confirm data integrity and register independence.

Figure 5.6: Varying sequences test (2.1)

5.44 Waveforms confirm that the common code for accessing FUB address spaces functions
correctly. Read-Write-Read operations on one register per FUB across all supported address

spaces verify consistent and reliable access.

U T U U T T U U U U U T U T T U U U U U U U U U U Ui U i Ui i U i uy
‘ S I = R o I [ I = =

3254 3 3254 0 3254 5710 0 3710 3710 3710

Figure 5.7: Address spaces test (2.2)

5.4.5 Waveforms validate that the FUB's common interface code operates correctly across
all hardware-accessible interfaces and supported address spaces. Read-Write-Read
operations on one register per FUB confirm consistent access, while tests with illegal

values demonstrate appropriate error handling and robustness.
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Figure 5.8: Accessible interfaces test (2.3)

5.4.6 Waveforms confirm that back-to-back read register accesses function correctly across
all FUBs. Sequences of Read-Read-Write-Write-Read-Read executed in immediately
adjacent bus cycles demonstrate reliable data handling and interface timing

compliance.

Figure 5.9: B2B Read Test (2.12)

5.4.7 Waveforms verify that back-to-back write operations function correctly across all
FUBs. In Read-Read-Write-Write-Read-Read sequences, the two write transactions
occur in immediately adjacent bus cycles, confirming proper timing and data integrity

under consecutive access conditions.

Figure 5.10: B2B Write Test (2.11)

5.5 Design Bugs and Solutions

During the course of Register verification, several design issues were identified through
waveform analysis and UVM-based testing. These bugs impacted register behaviour, signal
integrity, and interface consistency. Each issue was carefully analysed, reported to the relevant
design teams, and resolved through RTL updates or register model corrections. The table below
summarises the key bugs encountered, their root causes, and the solutions implemented to

ensure design correctness and compliance with specifications.
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Table 5.3: Summary of Identified Design Bugs and Implemented Solutions

Bug ID Description Impact Root Cause Proposed
Solution/
Workaround
DB-001 Register returns Incorrect Reset logic did Updated reset
incorrect default initialisation not properly synchronisation logic
value after reset behaviour propagate to all in RTL / Excluded
registers
DB-002 Back-to-back Data corruption in Write enable Extended writes enable
writes consecutive writes signal not held duration by one cycle /
occasionally fail long enough Excluded
on the FUB during back-to-
interface back cycles
DB-003 Illegal address Potential for Address decoder Added illegal address
access does not undefined missing illegal detection logic
trigger the behaviour address check
expected error
response
DB-004 Read-after-write Data Write completion Inserted read-after-
returns stale data inconsistency is not write hazard handling
in some registers synchronized with logic
the read path
DB-005 Register read UVM register Inconsistent The register model was

mismatch: DUT
value
O0xFFFFFFFF vs.
mirrored value

0x0000FFFF

model mismatch
caused test
failures and false

error reports

register width or
partial update not
reflected in the

mirror

updated to match DUT
behaviour; mirror
synchronisation logic

was corrected
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Figure 5.11: Error Description

UVM_ERROR/u/s/reg/uvm_re.svh(314)@40057600:reporter[RegModel]Register"ral_top.top.port 0.
T inst"value read from DUT (0x00000000ffjj}ff) does not match mirrored value (0x000000000000ffj})
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Chapter 6

CONCLUSION AND FUTURE SCOPE

6.1 Conclusion

Implementing a register model significantly streamlines the traditionally error-prone
and time-intensive process of register design and verification. This approach offers a
low-maintenance, reusable framework that enables design, verification, and firmware
teams to collaborate more effectively using a unified and synchronised view of the chip

architecture.

The method described in this paper can be used with different IP blocks, SoCs, and
even at the chip level. By using this model-based flow, teams can cut down on a lot of
work and time, which results in designs that are more stable and have been thoroughly
tested. In real life, things that usually take more than a month of manual work can be
done in less than a week, and tests can be done in less time. The Register Abstraction
Layer (RAL) method not only speeds up the process of checking IP, but it also improves

it and gets it to market faster.

6.2 Future Scope

Backdoor Access Optimisation, once front-door access to registers is verified,
backdoor access can be utilised to accelerate subsequent verification tasks. This method
allows for faster register manipulation, especially in large-scale simulations, and helps

reduce overall test execution time.

Advanced Monitoring Mechanisms, in complex IPs where multiple agents may access
or modify registers—either through hardware logic, strapping, or forced values—a
dedicated monitor can be implemented. This monitor keeps a synchronized mirror of the
register state by using backdoor access. It also lets you check things like write-only

(W/O) registers, which can't be checked with normal read operations.
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Enhanced Coverage Analytics, Basic coverage is already in place. Future
improvements could include more detailed analytics, such as tracking per-bit toggles,
cross-coverage between register fields and functional states, and integration with formal
coverage tools. These improvements would give us more information about how

complete our verification is and help us find scenarios that haven't been tested yet.
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