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1 Program overview

Many junior FPGA engineers are expected to “learn on the job”. While practical exposure is
essential, day-to-day project pressure rarely creates enough space for systematic development of
the full engineering skill set. Learning often becomes reactive—focused on solving the immediate
problem—while critical areas such as design methodology, verification, documentation, timing
analysis, debugging, and long-term engineering thinking remain underdeveloped.

Bright FPGA Academy was created to address this gap through a structured, practical, and
individualized learning journey aligned with real industry expectations through remote training.

Program at a Glance

Target Audience

Junior FPGA engineers, engineering teams, and organizations
investing in structured technical growth

Training Goal

Transition participants toward confident, independent, mid-level
engineering practice

Delivery Model Live lectures, practical assignments, consultations, exams, techni-
cal reviews, final project

Learning Approach Individualized—participants work with their own platforms,
tools, and HDL languages.

Focus Practical engineering, methodology, good engineering practices,

technical decision-making

Training Structure

The Academy combines theory, practice, feedback, and mentoring to create predictable and
measurable technical growth.

Activity Hours
Live technical lectures 70h
Group consultations 35h
Individual consultations 10h
Guided independent work ~350 h
Exams and final project 50h
Total engagement ~500+ h
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What Makes This Program Different?

Unlike traditional training focused only on tools or language syntax, Bright FPGA Academy

develops the engineering mindset required for work on complex FPGA systems.

Participants learn how to:

understand requirements before implementation,
plan before writing code,

verify before integration,

document engineering decisions,

manage technical risk,

communicate effectively with teams and stakeholders,

build systems that are maintainable, testable, and scalable.

Measurable Outcomes

Progress is continuously measured through:

practical homework assignments,

individual technical feedback,

group and individual consultations,

knowledge verification,

final project work.

This provides both participants and sponsoring organizations with clear visibility into technical
growth and achieved competencies.

Expected Result

By the end of the Academy, participants are expected to demonstrate:

stronger technical confidence,

improved engineering discipline,

better problem-solving capability,

greater independence in technical decision-making,

readiness to contribute effectively to real FPGA development projects.

Bright FPGA Academy is not simply a course.

It is a structured transition from fragmented learning to confident, systematic, professional

FPGA engineering.
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2 Who Is This Program For?

Bright FPGA Academy is designed for engineers and engineering organizations that want
to accelerate the transition from junior-level implementation skills to independent, mid-level
engineering capability.

The program is intended for participants who already have basic exposure to digital design,
programmable logic, embedded systems, electronics, or related engineering disciplines, and
who are ready to develop the practical skills, engineering discipline, and technical judgment
required in professional FPGA development environments.

Engineering Organizations

The program is equally designed for organizations that want to build stronger FPGA teams
while reducing the burden on senior engineers.
It is particularly relevant for companies that:

¢ hire junior FPGA engineers and need a structured development path,
¢ rely on “learn as you go” training models and want more predictable skill growth,
¢ want to reduce the mentoring load placed on senior engineers,

¢ need engineers who can contribute more independently to architecture, verification, inte-

gration, and debugging,

¢ want to improve engineering quality, reduce technical debt, and shorten costly debugging
cycles,

¢ operate in technically demanding domains such as communications, industrial automa-
tion, defense, aerospace, medical systems, automotive, scientific computing, or high-
performance computing.

Individual Participants

The program is particularly valuable for:

¢ Junior FPGA engineers who already write HDL but want to understand how professional
FPGA systems are designed, verified, integrated, debugged, and maintained.

* Engineers returning to FPGA development who want to refresh their knowledge and
align with modern engineering workflows, tools, methodologies, and best practices.

¢ Digital design engineers transitioning from microcontroller, DSP, or embedded develop-
ment into programmable logic.

¢ Verification engineers who want deeper understanding of implementation, architecture,
timing, and hardware debugging.

¢ System integration and bring-up engineers who want to strengthen their understanding
of timing, interfaces, signal integrity, debugging, and FPGA architecture.
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Recommended Entry Level

Participants are expected to have:

basic understanding of digital logic,

basic familiarity with at least one HDL language,

basic understanding of synchronous design concepts,

willingness to perform independent engineering work between lectures,

motivation to receive technical feedback and continuously improve.

Previous commercial FPGA experience is helpful, but not required.

Who This Program Is Not For

This program is not intended for:

complete beginners with no exposure to digital logic,
participants looking for a purely theoretical introduction,
engineers seeking only vendor-specific tool training,

participants unwilling to complete independent assignments, technical reports, or project
work,

engineers looking for short-term certification without practical engineering engagement.

Expected Participant Mindset

The strongest outcomes are achieved by participants who are curious, technically disciplined,
open to feedback, willing to challenge assumptions, and motivated to grow from task-oriented
implementation toward independent engineering ownership.
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3 Why This Program Exists

Modern FPGA systems are becoming increasingly complex. Higher clock frequencies, tighter
timing margins, multi-clock architectures, high-speed interfaces, embedded processors, demand-
ing verification requirements, and growing system-level integration challenges mean that FPGA
engineering today requires far more than the ability to write syntactically correct HDL.

At the same time, many organizations face the same practical challenge: junior engineers are
expected to become productive quickly, yet structured technical development is often missing.
Instead of following a clear engineering roadmap, many engineers are asked to “learn on the job”
while simultaneously delivering project work, responding to urgent issues, and depending on
limited availability of senior colleagues.

While this approach may solve immediate project needs, it often creates long-term technical and
organizational problems:

¢ knowledge gaps remain hidden until critical project phases,
* engineering habits are built through trial and error rather than proven methodology,
¢ verification, timing, and architecture decisions are postponed until problems appear,

* senior engineers become bottlenecks for reviews, debugging, and technical decisions,

technical debt accumulates silently across projects,

development cycles become longer, less predictable, and more expensive.

Bright FPGA Academy was created to address this gap.

The goal of this program is not simply to teach HDL syntax or vendor tools. The goal is to help
engineers understand why engineering decisions are made, how professional FPGA systems are
planned, verified, integrated, debugged, documented, and maintained, and how to contribute
independently in real development environments.

The transition from junior to mid-level FPGA engineering rarely fails because engineers cannot
write HDL. In most cases, the largest skill gaps appear in the engineering disciplines that
determine whether a design can be safely integrated, verified, optimized, debugged, and
maintained in a real product environment.

For this reason, Bright FPGA Academy places particular emphasis on six engineering areas that
most strongly separate implementation-focused engineers from engineers capable of indepen-
dently owning FPGA blocks, interfaces, and subsystems:

RTL Quality and Reuse
Writing maintainable, synthesizable, scalable, and reusable hardware rather than code that
merely simulates correctly.

Verification and Engineering Confidence
Building structured testbenches, planning verification activities, identifying corner cases,
and developing evidence that hardware behaves as intended before integration.

Timing Constraints and Static Timing Analysis
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Understanding clocks, timing assumptions, constraints, implementation reports, and the
ability to distinguish architectural, RTL, and implementation-related timing problems.

Clock-Domain Crossing and Reset Design
Designing safe multi-clock systems, understanding metastability risks, reset-domain inter-
actions, deterministic startup behavior, and long-term system robustness.

Hardware Debugging and Root-Cause Analysis
Moving beyond simulation and developing the ability to instrument, observe, isolate, and
debug complex hardware behavior in real systems.

System Integration and Engineering Tradeoffs

Making architecture decisions, resource balancing, performance, power, maintainability,
and verification complexity while cooperating across hardware, software, verification, and
PCB engineering teams.

To address these challenges, the Academy was built around several core principles:

Engineering Before Implementation
Understanding requirements, architecture, interfaces, risks, and verification objectives
before writing RTL.

Structured Skill Growth
A predictable, week-by-week progression from fundamental concepts to independent
engineering ownership.

Learning Through Practice
Real assignments, technical reports, reviews, design exercises, and project work rather than
passive lecture-only learning.

Individualized Development
Participants work with their own FPGA platforms, selected HDL languages, technical
backgrounds, and target application domains.

Industry Reality
The program is built by engineers who have worked on commercial, safety-critical, large-
scale, high-performance, and research-driven FPGA systems.

Long-Term Engineering Value

The goal is not short-term productivity, but building engineers who can think critically,
communicate clearly, reduce technical risk, and contribute independently over the long
term.

Bright FPGA Academy exists because strong FPGA engineers are not created by accident. They
are developed through deliberate practice, structured feedback, real engineering challenges, and
exposure to the habits, methodologies, and decision-making processes used by experienced
professionals.

The goal of this program is simple:
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to help engineers move from implementation-driven work to independent engineering

ownership.
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4 Program Structure

Bright FPGA Academy is organized as a structured long-term training journey combining
lectures, practical work, consultations, feedback, assessment, and a final project. Each element
has a clear purpose and supports the gradual transition from junior FPGA engineer toward more
independent engineering practice.

Program Element Purpose

Live Lectures Build the technical foundation, engineering mindset, and
practical understanding required for professional FPGA
development.

Homework Assignments | Convert lecture content into hands-on practice through
assigned design, documentation, analysis, and verifica-
tion tasks.

Group Consultations Provide space for questions, technical discussion, clarifi-
cation of difficult topics, and shared learning from com-
mon engineering problems.

Individual Consultations | Address participant-specific challenges, selected plat-
forms, HDL languages, project contexts, and personal
development goals.

Surveys and Progress | Track student needs, expectations, confidence level, and
Checks progress throughout the program, allowing the training
to remain adaptive.

Technical Feedback Help students understand not only whether a solution
works, but also whether it is well structured, maintain-
able, and professionally justified.

Exams Verify understanding of key concepts and provide mea-
surable checkpoints during the learning process.

Final Project Integrate the acquired skills into a practical engineering
task involving concept preparation, specification, plan-
ning, and optional implementation.
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5 Training Workload

e 35 lectures x 2 hours (70 hours).

¢ Group consultations: 35 hours.

Individual consultations: 10 hours.

After each class, each student is expected to spend 8-10 hours on homework.

* Surveys are obligatory after each and every week, as part of the homework.

1 final project.

Course hours summary:

2 oral exams (in the middle and at the end of the course).

Component Hours Notes

Lectures 70 35 x 2h

Group consultations 35 Group

Individual consultations 10 1:1

Self-study / homework 280-350 35 x (8-10h)

Final project 40-60 ~50h

2 exams 1 2 x 0.5h

Total contact hours 115 Lectures + consultations

Estimated total engagement 436-516

Contact hours + self-study range

Learning Flow

1. Introduce the topic through a live lecture.

NS N

Core Principle

Clarify the engineering context and explain why the topic matters in real FPGA projects.
Assign practical work connected with the lecture topic.

Support the work through consultations and discussion.

Review the results and provide individual feedback.

Measure understanding through exams, reviews, and project milestones.

Apply the skills in the final project and technical documentation.

The program is not built around passive listening.

It is built around a repeated cycle of learning, applying, reviewing, improving, and

documenting.
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6 Certification

Bright FPGA Academy is designed as a performance-oriented engineering development program.
Successful completion is recognized through certification based on demonstrated long-term
technical progress, practical engineering deliverables, and active participation throughout the
program.

The certification is intended to provide both participants and sponsoring organizations with
measurable evidence of engineering growth, technical discipline, and readiness for increased
technical responsibility.

Certification Philosophy

The Bright FPGA Academy certificate is not awarded solely for attendance.

Certification reflects the participant’s ability to apply engineering principles, make technical
decisions, communicate assumptions, document design choices, and complete engineering tasks
consistent with professional FPGA development environments.

Certification Requirements
To qualify for successful program completion, participants are expected to:

¢ actively participate in lectures, consultations,

¢ complete assigned homework, technical studies, engineering reports, and practical design
exercises,

¢ demonstrate continuous technical progress throughout the program,
e participate in examinations and technical assessments,
¢ submit the required final project deliverables,

¢ demonstrate engineering understanding, technical ownership, and professional communi-
cation.

Assessment Areas

Certification reflects demonstrated competence across the following engineering areas:

Technical Implementation
HDL design, modular architecture, coding quality, synthesis awareness, and implementa-
tion discipline.

Verification and Validation
Verification planning, testbench development, debugging methodology, and engineering
evidence.
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Timing and Reliability

Timing analysis, constraints, clock-domain crossing, reset strategy, and robustness.

System Integration
Interfaces, protocols, board-level awareness, architecture decisions, and multidisciplinary
cooperation.

Engineering Workflow
Documentation, version control, reproducibility, change tracking, and maintainability.

Engineering Communication
Technical reporting, design justification, risk identification, and communication of tradeoffs.

Certificate Deliverables
Upon successful completion, participants receive:

¢ an official Bright FPGA Academy Certificate of Completion,
¢ a summary of completed technical assignments and project activities,
* a competency-based engineering progress report,

¢ individualized technical feedback highlighting demonstrated strengths and recommended
areas for continued development.

Outcome Reporting for Organizations

For company-sponsored participants, an optional management summary may be provided,
outlining:

¢ demonstrated technical progress,

¢ completed engineering deliverables,

¢ identified strengths,

* areas requiring further development,

¢ readiness for increased technical ownership.

The purpose of certification is simple:

to recognize demonstrated engineering growth, not merely course attendance.
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7 Lecture Structure and Program Flexibility

Bright FPGA Academy is designed as a long-term, structured engineering development program
built around live technical lectures, independent engineering work, consultations, assessments,
and a final project.

The complete program consists of:

35 live technical lectures

Of these, 32 lectures are fully defined in this curriculum and form the core technical roadmap of
the Academy. These lectures cover the complete progression from engineering fundamentals,
RTL design, verification, timing, system integration, debugging, optimization, and professional
engineering workflows, through to emerging FPGA technologies and long-term career develop-
ment.

In addition to the defined curriculum, 3 additional lectures are intentionally reserved as flexible
engineering sessions and are not pre-assigned to fixed topics.
These sessions exist for a simple reason:

strong engineering education should adapt to real engineering needs.

At the discretion of the lecturer, these additional sessions may be used to:

¢ revisit technically demanding topics that require additional explanation,

* organize extended discussions on areas identified by the group as particularly valuable,

perform deeper technical analysis of selected real-world engineering problems,

provide additional hands-on demonstrations,

address recurring technical questions observed during homework reviews, consultations,
examinations, or project work.

Examples of topics that may be covered during these flexible sessions include:

¢ low-power FPGA design techniques,

¢ advanced implementation optimization,

¢ live code development and engineering reviews,

¢ live debugging sessions in simulation and hardware,
¢ advanced scripting and build automation,

¢ tool-specific productivity techniques,

¢ additional case studies from commercial FPGA projects.
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If no additional demand for reinforcement of previously covered material emerges, these ses-
sions will be used to introduce complementary advanced engineering topics selected by the
lecturer based on participant interests, technical background, target industries, and overall group
progression.

This flexible structure ensures that the Academy remains both:

structured enough to guarantee predictable technical growth,
and flexible enough to address real engineering challenges as they emerge.
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7.1 Week 1 - Introduction, Rules of the House, and Understanding the FPGA Profession

Purpose

The first lecture establishes the foundation for the entire Bright FPGA Academy journey. Its
purpose is to align expectations, introduce the training methodology, define communication
and working standards, and place FPGA engineering within its broader technical and business
context. Before students begin implementation, they first develop an understanding of why
engineering decisions are made, how professional FPGA teams operate, and what it means to
grow as an FPGA engineer.

Scope

This lecture introduces:

the structure and operating principles of Bright FPGA Academy,
the expectations, responsibilities, and evaluation criteria,

the FPGA market and professional ecosystem,

engineering mindset and long-term technical growth,

documentation, planning, and requirements-driven engineering.

Topics Covered

Academy Introduction

* Welcome to Bright FPGA Academy
e Instructor introduction

* Individualized learning approach

Rules of the House

¢ Lecture format, resources, and communication rules
* Homework expectations

¢ Group consultations

¢ Individual consultations

* Surveys, exams, and project milestones

Engineering Mindset

* The most important engineering question: “Why?”
* Evolution versus revolution in engineering organizations

¢ Thinking before implementing
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The FPGA Industry

* Market overview and major vendors

o Where FPGAs are used

¢ Why FPGA systems are difficult
* What it means to be an FPGA engineer

¢ Career paths in programmable logic

Engineering Fundamentals

¢ Hardware vs software vs firmware vs gateware

* Why engineers plan

Expected Outcomes

After completing this lecture, participants should be able to:

Introduction to technical documentation
Writing long technical documents

Introduction to requirements

¢ understand how the Academy operates,

* navigate the structure of the training program,

* explain the role of FPGA technology in modern systems,

¢ identify major engineering roles within FPGA development,

¢ understand the importance of planning and documentation,

¢ recognize the difference between implementation and engineering.

Independent Work

write relevant questions to clarify the issues.

Technical vocabulary — Explain selected engineering and industry terms.

Survey — Complete the initial technical and professional survey.

Market research — Identify three FPGA companies not discussed during the lecture.
HDL preparation — Study the selected HDL language and provided reference materials.
Practical assignment — Design and implement an assigned introductory HDL module.

Practical assignment — Based on the provided requirements, identify unclear areas and
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Deliverables

Participants are expected to submit:

¢ written terminology explanations,

* market research summary,

¢ selection of platform and language,

completed onboarding survey.

HDL exercise implementation,

list of questions relevant to the provided requirements,
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7.2 Week 2 - Digital Design and FPGA Architecture Fundamentals

Purpose

The second lecture establishes the technical foundation required for all subsequent design work.
Its purpose is to refresh the digital design principles that sit underneath RTL development
and to build a practical understanding of modern FPGA architecture. Before students begin
implementing larger modules, interfaces, and timing-critical systems, they must understand
how logic is physically realized inside an FPGA, how data moves through the device, and what
architectural tradeoffs influence performance, resource utilization, and design scalability.

Scope

This lecture introduces:

¢ the core principles of synchronous digital design,
the building blocks of modern FPGA architectures,
how HDL code maps onto physical FPGA resources,

* practical data movement, buffering, and storage strategies,

¢ performance tradeoffs involving timing, latency, and throughput.

Topics Covered

Digital Design Fundamentals

* Synchronous design principles

* Registers, pipelines, and timing boundaries

Finite state machines

Arithmetic datapaths

Combinational versus sequential logic

* Introduction to metastability

Logic Implementation Inside an FPGA

* Lookup tables and logic cells

* Flip-flops and register resources

* Logic levels and propagation through combinational paths

* Mapping RTL to physical resources

* Resource utilization versus implementation efficiency

Memory Resources
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Distributed memory
Block RAM
Ultra RAM and large embedded memories

* Single-port, simple dual-port, and true dual-port memories
* Memory initialization and inference
DSP and Arithmetic Resources
* Dedicated arithmetic blocks
e Multipliers, accumulators, and pipeline stages
* Mapping arithmetic operations to DSP resources
Clocking Infrastructure
* Clock generation and conditioning
e PLL and MMCM resources

Clock distribution networks

Global, regional, and local clocks

Clock gating and clock enables

Spread-spectrum clocks

Using “locked” signals during system initialization
Routing, I/0, and High-Speed Interfaces

* Routing resources and physical connectivity

* I/O blocks and electrical interfaces

* High-speed transceivers

e Data movement across FPGA boundaries
Buffering and Data Movement

* FIFOs and buffering strategies

® Dual-port memories

e Elastic buffering

* Streaming versus frame-based architectures

* Moving data reliably between processing stages
Performance Tradeoffs

Throughput versus latency

Logic depth versus maximum operating frequency

Pipeline insertion strategies
* Resource usage versus performance optimization

* Timing as a design metric
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Expected Outcomes

After completing this lecture, participants should be able to:

explain the principles of synchronous digital design,

identify the major architectural resources inside a modern FPGA,

understand how RTL code maps onto physical logic and memory resources,
recognize the relationship between logic depth and achievable clock frequency,
select appropriate buffering strategies for different dataflow problems,

reason about latency, throughput, and implementation tradeoffs.

Independent Work

Architecture analysis — Select an FPGA device and analyze the architecture of its logic
block (e.g. CLB, ALM, PFU, or equivalent).

Logic analysis — Select a simple process-based design, identify all combinational paths
between registers, count the logic levels, and describe the implemented functions.

Resource inventory — Prepare a summary of all major resources available in the selected
FPGA, including logic, memory, DSP, clocking, and global infrastructure.

Practical assignment — Design and implement an assigned digital module using the selected
HDL language.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

logic block architecture analysis,
combinational path and logic-level analysis,
FPGA resource summary,

HDL module implementation,

completed technical survey.
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7.3 Week 3 - Synthesis, Implementation, and Tool Flow Mastery

Purpose

The third lecture introduces the transformation of an HDL design into a physical FPGA im-
plementation. Its purpose is to help participants understand what actually happens between
RTL and bitstream generation, how synthesis and implementation tools make optimization
decisions, and how engineering choices, constraints, and tool settings influence timing, resource
utilization, reproducibility, and overall design quality. Before students begin building larger and
timing-critical systems, they must understand how to control the tool flow rather than simply

execute it.

Scope

This lecture introduces:

¢ the complete FPGA compilation flow from RTL to bitstream,

* synthesis and implementation optimization techniques,

¢ placement, routing, and physical implementation effects,

¢ report analysis and design quality assessment,

scripted and reproducible engineering workflows,

device configuration, startup, and boot mechanisms.

Topics Covered

From RTL to Hardware

¢ HDL elaboration

¢ Netlist generation

¢ Technology mapping

¢ Optimization stages

e From logical design to physical implementation
Synthesis Fundamentals

* Resource inference and optimization

* Area versus performance tradeoffs

» Hierarchy preservation versus flattening

* Logic replication

* Constant propagation
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* Resource sharing
Synthesis Optimization Techniques

* Retiming

* Safe finite state machines

e Fanout control

* Register duplication

e Shift-register extraction

* Memory inference control

* DSP inference control

e Hierarchy control attributes

e Optimization directives
Implementation and Physical Design

* Placement strategies

* Routing strategies

* Congestion effects

Critical path formation

Physical optimization

¢ Timing-driven implementation
Advanced Compilation Flows

* Incremental compilation

e Out-of-context synthesis

e Partial and reduced builds

* Reuse of implementation data

* Compilation acceleration strategies
Reports and Design Analysis

* Synthesis reports

* Resource utilization reports

¢ Timing reports

Critical path analysis

Clocking reports

* Power estimation reports
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* Design rule checks

¢ Congestion and routing analysis
Scripted Engineering Workflow

¢ GUI versus scripted workflows

* Project reproducibility

¢ Version-controlled build flows

* Automation of repetitive engineering tasks
Configuration and Startup

* Bitstream generation

* Configuration memory options
JTAG, SPI, BPI, and embedded boot flows

* Device startup behavior

e Power-on initialization

Reset release and clock startup

Multi-image and fallback boot concepts

Gateware update strategies

Expected Outcomes
After completing this lecture, participants should be able to:

¢ explain the stages between RTL and bitstream generation,

¢ understand how synthesis settings influence implementation results,
¢ identify common optimization techniques used by FPGA tools,

¢ interpret the most important synthesis and implementation reports,
* recognize physical implementation issues affecting timing closure,

¢ understand the benefits of scripted and reproducible build flows,

¢ explain how FPGA devices are configured and initialized after power-on.

Independent Work

¢ State machine analysis — Prepare a technical comparison of Moore and Mealy finite state
machines, including advantages, disadvantages, and typical application areas.
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Report analysis — Generate selected synthesis and implementation reports for the chosen
FPGA tool and prepare a written summary describing what information each report
provides and how it supports engineering decisions.

Tool exploration — Identify and study selected synthesis or implementation optimization
techniques available in the chosen FPGA toolchain.

Practical assignment — Design and implement an assigned HDL module as part of contin-
ued HDL strengthening.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

Moore versus Mealy state machine comparison,
synthesis and implementation report analysis,
summary of selected tool optimization techniques,
HDL module implementation,

completed technical survey.
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74 Week 4 - Professional RTL Design in VHDL and System Verilog
Purpose

The fourth lecture focuses on writing RTL that goes beyond functional correctness and simulation
success. Its purpose is to help participants transition from writing code that merely works
to writing code that is maintainable, synthesizable, scalable, reusable, and easy to integrate
into larger systems. Students learn how professional coding standards, structural discipline,
and architectural consistency directly influence project quality, verification effort, debugging
efficiency, and long-term maintainability.

Scope

This lecture introduces:

professional RTL coding practices,

writing synthesizable and implementation-friendly code,
creating reusable and parameterized modules,
organizing RTL for readability and scalability,

avoiding common coding anti-patterns,

preparing RTL for verification and system integration.

Topics Covered

Professional RTL Mindset

e RTL as engineering documentation
* Writing code for other engineers

* Readability versus compactness

e Long-term maintainability

* Designing for reuse

Coding Structure and Organization

* File organization

* Module boundaries

e Interface cleanliness

* Separation of responsibilities

* Structural consistency across projects

RTL Coding Styles
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Single-process coding style

Multi-process coding style

Advantages, disadvantages, and tradeoffs

Choosing the right style for the problem
Finite State Machine Design

* FSM design patterns

* State encoding strategies

e State transition logic

* Output generation strategies

* Safe and maintainable state machines
Datapath and Control Separation

* Separating control from processing logic

* Pipeline-friendly architectures

* Scalability and debug visibility

* Verification benefits
Reusable and Parameterized RTL

* Generics and parameters

* Configurable module design

e Compile-time configurability

* Interface scalability

* Design reuse across projects
Synthesis-Safe Coding

* Predictable synthesis behavior

* Reset strategies

Clock enables versus gated clocks

Avoiding latches

Safe use of arithmetic and type conversions
* Vendor-independent coding habits

Code Quality and Readability
¢ Naming conventions

* Indentation and formatting
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¢ Comments and self-documenting code

Avoiding magic numbers
¢ Constants, enumerations, and packages

¢ Consistent signal naming

Hierarchy and Integration

* Module instantiation practices

e Structural versus behavioral partitioning
* RTL partitioning strategies

* Designing clean interfaces for integration

* Designing for future extensions

Common Anti-Patterns

* Overly large processes

Hidden dependencies

Hard-coded assumptions

Mixed abstraction levels

Poor reset discipline

Unclear ownership of logic

Expected Outcomes

After completing this lecture, participants should be able to:

write RTL that is readable, maintainable, and synthesizable,
apply consistent coding standards,

choose appropriate RTL coding styles,

design maintainable finite state machines,

separate datapath and control logic effectively,

create reusable parameterized modules,

recognize and avoid common RTL anti-patterns,

prepare RTL that is easy to verify and integrate.
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Independent Work

¢ Coding standard — Develop a personal RTL coding standard defining naming conven-
tions, formatting rules, commenting strategy, reset handling, parameterization rules, and

structural guidelines.

¢ Code review — Review an existing RTL design (personal, provided, or open-source) and
identify areas that violate professional coding practices or reduce maintainability.

* Practical assignment — Design and implement an assigned RTL module following the
newly developed coding standard.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

¢ personal RTL coding standard document,

¢ areport on the reviewed RTL code,

¢ HDL module implementation,

¢ completed technical survey.
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7.5 Week 5 — Arithmetic, DSP, and Fixed-Point Design
Purpose

The fifth lecture introduces the principles of numerical design in FPGA systems. Its purpose is
to help participants understand how numeric representation influences correctness, resource
utilization, timing closure, and overall system performance. Students learn how arithmetic
operations are physically implemented inside modern FPGAs, how numerical precision propa-
gates through datapaths, and how to design efficient fixed-point processing pipelines that map
predictably onto dedicated arithmetic resources.

Scope

This lecture introduces:
* numeric representations used in digital hardware,
¢ signed and unsigned arithmetic behavior,
¢ fixed-point design and scaling strategies,

¢ arithmetic growth, precision management, and overflow handling,

efficient mapping of arithmetic functions onto FPGA DSP resources,

pipelining techniques for high-performance arithmetic datapaths.

Topics Covered

Numeric Representation Fundamentals
* Binary number systems
e Signed versus unsigned representation
* Two’s complement arithmetic
e Numeric interpretation in hardware
e Common numerical design pitfalls
Arithmetic Operations in RTL
* Addition and subtraction
* Multiplication
* Division and approximation strategies
¢ Comparison operations
* Bit growth during arithmetic processing

Fixed-Point Representation
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Integer versus fractional representation
* Fixed-point formats
* Binary point placement
* Dynamic range versus resolution
* Selecting appropriate numeric formats
Scaling and Precision Management

* Input scaling

Intermediate scaling

Output scaling

¢ Quantization effects

* Error propagation

* Precision budgeting
Overflow Handling

* Overflow and underflow mechanisms

* Wrapping behavior

e Saturation arithmetic

* Clipping strategies

* Detecting numerical errors
Rounding Techniques

* Truncation

* Round-to-nearest

* Biased and unbiased rounding

* Hardware cost versus numerical accuracy
Accumulator Design

* Bit growth in accumulators

* Guard bits

* Long accumulation chains

* Numerical stability

* Resource and timing considerations
DSP Resources in Modern FPGAs

* Dedicated arithmetic blocks
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* Multipliers

Adders and accumulators
* Pre-adders and post-adders
¢ Cascade connections
¢ Internal pipeline stages
Mapping Arithmetic to DSP Blocks
* Inference versus explicit instantiation
* Resource sharing
* Chaining arithmetic operations
e Efficient multiplier usage
¢ Arithmetic packing strategies
Pipelined Arithmetic Design
* Pipeline insertion strategies
e Throughput versus latency tradeoffs
e Critical path reduction
* Retiming arithmetic structures

* Timing closure in DSP-heavy designs

Expected Outcomes
After completing this lecture, participants should be able to:

¢ understand how numeric representation affects hardware behavior,

¢ select appropriate signed, unsigned, and fixed-point formats,

predict arithmetic growth through processing pipelines,

apply scaling, rounding, and saturation techniques,

¢ design numerically robust arithmetic datapaths,

efficiently map arithmetic operations onto FPGA DSP resources,

balance numerical accuracy, timing performance, and resource utilization.
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Independent Work

¢ Architecture analysis — Analyze how the selected FPGA implements DSP resources, in-
cluding available arithmetic modes, pipeline stages, cascade connections, and supported
operations.

¢ DSP implementation — Design and implement an assigned arithmetic function using
dedicated DSP resources only.

* Application guide — Prepare a technical report describing the implemented function,
resource usage, design assumptions, operating limitations, timing considerations, and
integration guidelines.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

DSP-based arithmetic module implementation,

FPGA DSP architecture analysis,

e application guide and technical report,

completed technical survey.
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7.6  Week 6 — Static Timing Analysis and Timing Closure Fundamentals
Purpose

The sixth lecture introduces one of the most critical disciplines in FPGA engineering: proving that
a design operates reliably at the intended speed. Its purpose is to help participants understand
why timing analysis exists, how modern tools mathematically verify signal propagation through
digital systems, and how timing directly influences architecture, implementation, reliability,
and system scalability. Students learn to interpret timing reports, identify root causes of timing
failures, and distinguish between architectural, implementation, and constraint-related timing
problems.

Scope
This lecture introduces:
¢ the principles of timing analysis in synchronous digital systems,
¢ clock relationships and timing domains,
e static timing analysis methodology,
* timing path classification and report interpretation,
* practical timing closure thinking,

¢ identifying root causes of timing failures.

Topics Covered

Why Timing Matters
¢ Why functional simulation is not enough
¢ Reliability versus probability
¢ Timing as a design requirement
* Timing as a system-level constraint
Timing Fundamentals

* Setup and hold requirements

Clock-to-output delay

Combinational propagation delay

Clock uncertainty

Jitter and skew

Process, voltage, and temperature variation
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Clock Relationships

* Synchronous clock domains

* Asynchronous clock domains

* Mesochronous systems

* Plesiochronous systems

* Derived and related clocks
Static Timing Analysis

e What STA actually does
Graph-based timing analysis

Path extraction
* Worst-case analysis
¢ Timing corners
e Slack calculation
Timing Paths
* Register-to-register paths
* Input-to-register paths
* Register-to-output paths
* Input-to-output paths
* Cross-domain paths
Reading Timing Reports
* Critical paths
* Worst negative slack
* Total negative slack
* Path decomposition
* Logic delay versus routing delay
* Root-cause analysis
Timing Closure Thinking
e RTL-related timing issues
* Constraint-related timing issues
* Placement and routing effects

* Architecture-related timing limitations
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¢ When timing is physically impossible

Timing Optimization Strategies

¢ Pipelining

Register balancing

Logic restructuring

Resource duplication

Floorplanning influence

Expected Outcomes

After completing this lecture, participants should be able to:

explain why timing analysis is required,

distinguish between synchronous and asynchronous timing relationships,
understand how static timing analysis works,

interpret timing reports,

identify critical timing paths,

distinguish RTL, implementation, and constraint-related timing issues,

reason about timing closure strategies.

Independent Work

Timing report analysis — Generate timing reports for an assigned design and identify the
most critical timing paths.

Root-cause analysis — Analyze selected timing failures and classify them as architectural,
RTL, or constraint-related. Suggest ways to fix them.

Practical assignment — Design and implement an assigned digital module using the selected
HDL language.

Survey — Complete the technical reflection survey related to the lecture.
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Deliverables

Participants are expected to submit:

¢ timing report analysis,

¢ timing root-cause analysis,

¢ HDL module implementation

¢ completed technical survey.
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7.7 Week 7 - Timing Constraints and Practical Timing Closure

Purpose

The seventh lecture introduces the practical engineering discipline of communicating design
intent to timing analysis tools. Its purpose is to help participants understand that static timing
analysis is only as accurate as the constraints provided to the implementation tools. Students
learn how to define clocks, model external interfaces, constrain complex timing relationships,
and create timing environments that reflect real hardware behavior. This lecture marks the

transition from reading timing reports to actively controlling timing analysis.

Scope

This lecture introduces:

clock and interface constraints,

timing modeling of external hardware,
advanced path exceptions,

generated clock definitions,

constraint debugging and validation,

practical timing closure workflows.

Topics Covered

Constraint Philosophy

* Why constraints exist
* Timing intent versus implementation
* Incomplete constraints

* Over-constraining versus under-constraining

Primary Clock Constraints

* External clocks

* Clock periods

* Clock uncertainty

* Waveform definitions

* Multiple clock sources

Generated Clocks

e PLL and MMCM outputs
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* Divided clocks

* Multiplied clocks

* Phase-shifted clocks

* Derived clocks
Input and Output Constraints

* Input delay modeling

¢ Output delay modeling

* Board-level timing assumptions

* External device timing

* Source-synchronous interfaces
Clock Domain Relationships

* Related clocks

* Unrelated clocks

* Clock groups

* Asynchronous paths
Path Exceptions

* False paths

* Multicycle paths

* Maximum delay constraints

* Minimum delay constraints

* Path segmentation
Constraint Validation

* Unconstrained paths

e Over-constrained paths

* Constraint conflicts

* Constraint coverage

* Timing sanity checks
Practical Timing Closure

* Constraint debugging

* Iterative timing closure

* Correlating reports with RTL

* Correlating reports with hardware interfaces

¢ Common timing mistakes
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Expected Outcomes

After completing this lecture, participants should be able to:

create primary and generated clock constraints,

model external interfaces using input and output delays,
apply false-path and multicycle constraints correctly,
identify unconstrained or incorrectly constrained paths,
validate timing constraints against real hardware,

understand the relationship between board timing and FPGA timing analysis.

Independent Work

Timing calculations — Calculate input and output delay constraints for an assigned external
interface based on provided device and PCB timing parameters.

Constraint implementation — Implement timing constraints for an assigned design and
validate the results using timing reports.

Practical assignment — Design and implement an assigned HDL module prepared for
timing analysis.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

input/output timing calculations,
timing constraint file,
HDL module implementation,

completed technical survey.
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7.8 Week 8 - GPIO, LVDS, and Board-Level I/O Integration
Purpose

The eighth lecture introduces the physical interface between FPGA logic and the surrounding
PCB. Its purpose is to help participants understand that FPGA design does not end at RTL or
at the device pin. Correct operation depends on I/O standards, bank voltages, pin planning,
termination, signal integrity, board-level clocking, reset circuitry, and proper cooperation with
PCB engineers. Students learn how FPGA pins interact with real electrical systems and why
incorrect I/O assumptions can cause designs to fail even when the RTL is functionally correct.

Scope
This lecture introduces:

¢ FPGA GPIO resources and I/O bank organization,

¢ [/0O standards, voltage domains, and pin planning,

LVDS signaling and termination,

board-level clocking and reset considerations,

signal integrity and timing alignment at the FPGA boundary,

practical cooperation between FPGA and PCB design.

Topics Covered

FPGA 1I/0 Fundamentals

I/0O banks and bank organization

Voltage domains
I/0O standards

Pin capabilities and restrictions

* Pin planning and pin compatibility

¢ Constraint-driven I/O configuration
GPIO and Electrical Interface Basics

* Single-ended I/O standards

* Input, output, and bidirectional pins

* Drive strength and slew rate

Pull-up and pull-down behavior

Unused pins and default pin behavior
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* Power-up and configuration-state behavior
LVDS Interfaces

* Differential signaling principles

e LVDS transmitter and receiver behavior

e Common-mode voltage and differential voltage

Clock forwarding

e Source-synchronous interfaces

¢ Timing margins

* Practical LVDS implementation pitfalls
Termination and Signal Integrity

* On-chip termination

External termination

Impedance matching

Missing termination effects

Floating inputs
* Board-level signal integrity issues
Signal Timing at the FPGA Boundary
e Setup and hold at device pins
* Board-level skew
* Clock-to-data relationship
* IODELAY and programmable delay resources
* Timing centering techniques
Board-Level Clocking and Reset

e External clock sources

Clock quality and jitter

Clock-capable pins
Clock routing on PCB

* Power-on reset behavior
* Reset generation circuits
 Startup dependencies

Pin Planning and PCB Collaboration
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¢ Communication with PCB designers

Bank voltage conflicts

Differential pair assignment

Clock-capable pin selection
¢ Package and routing limitations

* Placement constraints driven by board layout

Practical I/O Failure Examples

¢ Wrong I/O standard

Incorrect bank voltage

Missing LVDS termination

Swapped differential pairs

Floating or undefined inputs

Incorrect reset or clock assumptions

Expected Outcomes

After completing this lecture, participants should be able to:

understand how FPGA pins interact with physical hardware,

identify major I/O standards and their practical requirements,
understand bank voltages, pin restrictions, and planning constraints,
explain the principles of LVDS communication,

understand termination requirements and common signal integrity issues,
recognize board-level clocking and reset constraints,

cooperate more effectively with PCB engineers,

avoid common I/O-related hardware failures.

Independent Work

¢ Technical study — Prepare a technical description of the LVDS standard, including electrical

characteristics, signaling principles, timing considerations, termination requirements, and
typical application areas. List advantages and disadvantages of LVDS.

Board analysis — Analyze the I/O resources, bank organization, voltage domains, clock-
capable pins, differential pin pairs, and basic electrical constraints of the selected FPGA
device.
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¢ Practical assignment — Design and implement an assigned digital module using the selected

HDL language.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

LVDS technical description,

completed technical survey.

FPGA I/0 and bank resource analysis,

HDL module implementation,
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7.9 Week 9 — Multi-Gigabit Transceivers and High-Speed Link Bring-Up

Purpose

The ninth lecture introduces the fundamentals of multi-gigabit transceivers and high-speed
serial communication in FPGA systems. Its purpose is to help participants understand that
high-speed links are not ordinary GPIO signals, but complex mixed-signal subsystems involving
reference clocks, serializers, deserializers, PLLs, clock recovery, equalization, link training, signal
integrity, and specialized debug methodologies. Students learn the basic architecture of FPGA
transceivers, the requirements for reliable link bring-up, and the practical tools used to evaluate
high-speed serial interfaces.

Scope

This lecture introduces:

multi-gigabit transceiver architecture,

reference clocking and clock recovery,

serial link initialization and bring-up,

loopback and link test strategies,

eye diagrams and signal quality evaluation,

practical transceiver debugging and qualification.

Topics Covered

High-Speed Serial Interface Fundamentals

e Why multi-gigabit links are different from GPIO

* Serial versus parallel data movement

* Line rate, payload rate, and encoding overhead

Lane concepts

* Link reliability considerations

Multi-Gigabit Transceiver Architecture

¢ Transmitter path

Receiver path

Serializer and deserializer

Parallel interface to FPGA fabric

Channel bonding
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* Reset and initialization sequences
Clocking and Reference Requirements

* Reference clocks

* PLL resources

* Clock data recovery

* Jitter requirements

* Clock distribution for transceivers

* Lock indicators and startup dependencies
Signal Integrity in High-Speed Links

¢ Insertion loss

Reflections

Equalization

Pre-emphasis and de-emphasis

PCB routing constraints
e Connector and cable effects
* DC balance
Loopback and Link Testing
* Internal loopback
* External loopback
* Near-end and far-end loopback
* Pattern generation
* Bit error testing
e Link margin testing
Eye Diagrams and Link Quality
* Eye diagram interpretation
¢ Eye opening
* Jitter and noise visibility
* Margin estimation
* Pass/fail interpretation
Transceiver Debug Tools
* IBERT-style debug flows
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Common Bring-Up Problems

BER measurement

Equalization tuning

Link status monitoring

Built-in pattern generators and checkers

* Missing or incorrect reference clock

PLL lock problems
Wrong polarity

Lane ordering issues

Bad signal integrity

Expected Outcomes

After completing this lecture, participants should be able to:

Reset sequence errors

Protocol-level versus physical-level failures

understand the basic architecture of FPGA multi-gigabit transceivers,

explain why reference clock quality is critical,

distinguish physical-layer link problems from protocol-level problems,

understand loopback-based link testing,

interpret basic eye diagram information,

understand the purpose of IBERT-style tools,

recognize common transceiver bring-up problems,

understand why high-speed interfaces require cooperation between FPGA, PCB, and

system engineers.

Independent Work

* Transceiver study — Analyze the transceiver resources available in the selected FPGA
device, including supported line rates, reference clock requirements, PLL resources, and

available debug features.

¢ Link bring-up plan — Prepare a step-by-step bring-up plan for a selected high-speed serial
link, including clock checks, reset sequencing, loopback tests, BER testing, and signal-

quality evaluation.
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¢ Practical assignment — Design and implement an assigned digital module using the selected

HDL language.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

completed technical survey.

FPGA transceiver resource analysis,
high-speed link bring-up plan,

HDL module implementation,
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710 Week 10 — Clock-Domain Crossing and Reliable Data Transfer
Purpose

The tenth lecture introduces one of the most common sources of hidden FPGA failures: moving
information between unrelated timing domains. Its purpose is to help participants understand
why designs that simulate correctly can still fail randomly in hardware due to metastability,
incorrect clock-domain crossings, and insufficient synchronization strategies. Students learn
how to quantify synchronization reliability, select appropriate crossing techniques, and design
interfaces that remain stable over long-term field operation.

Scope

This lecture introduces:
¢ metastability and probabilistic hardware behavior,
¢ clock-domain relationships and crossing challenges,
¢ synchronization strategies for control and data paths,
¢ asynchronous buffering techniques,
¢ clock-domain verification and analysis,

e practical robustness engineering.

Topics Covered

Why Clock-Domain Crossing Matters

* Real-world CDC failures

¢ Random and non-reproducible bugs

* Why simulation often misses CDC issues

* Long-term reliability considerations
Clock Relationships

* Synchronous domains

e Asynchronous domains

* Mesochronous systems

* Plesiochronous systems

* Related versus unrelated clocks
Metastability

* Setup and hold violations
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Analog behavior in digital systems

Resolution time

Probability of failure

Mean time between failures

e MTBF estimation
Single-Bit Synchronization

* Two-stage synchronizers

* Multi-stage synchronizers

* Synchronizer placement

* Reliability versus latency tradeoffs

* Tool recognition and optimization protection
Control Signal Crossing

* Pulse synchronization

* Toggle synchronization

* Event synchronization

* Pulse stretching

* Missing pulse detection
Handshake-Based Synchronization

* Request-acknowledge protocols

* Flow control

* Throughput limitations

* Deterministic transfer
Multi-Bit Data Transfer

* Why independent bit synchronization fails

e Data coherency

e Bundle transfer

* Valid-data protocols
Asynchronous FIFOs

* FIFO architecture
Dual-clock operation

Read and write pointers

Gray-code counters

Full and empty detection

Overflow and underflow protection
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Expected Outcomes
After completing this lecture, participants should be able to:

¢ explain metastability and its practical consequences,
¢ estimate synchronization reliability,

¢ design single-bit synchronizers,

¢ select appropriate CDC strategies,

¢ understand handshake-based crossings,

¢ design asynchronous FIFO-based interfaces,

¢ interpret CDC analysis results,

¢ recognize common CDC-related design failures.

Independent Work

¢ Technical study — Research and describe synchronization techniques beyond the standard
two-stage synchronizer.

¢ Practical assignment — Design and implement a one-bit synchronizer for an selected FPGA.
¢ Practical assignment — Design and implement an asynchronous FIFO for selected FPGA.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:
¢ synchronization techniques study,
* one-bit synchronizer implementation,
¢ asynchronous FIFO implementation,

¢ completed technical survey.
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711 Week 11 — Reset Architecture, Startup Behavior, and Deterministic System Design

Purpose

The eleventh lecture introduces one of the most underestimated sources of hidden FPGA fail-
ures: reset architecture and startup behavior. Its purpose is to help participants understand
how reset strategy directly influences reliability, startup determinism, timing closure, resource
utilization, and long-term field behavior. Students learn how poor reset architecture can create
rare, expensive, and extremely difficult-to-debug failures, and how professional reset design

prevents these issues before hardware deployment.

Scope
This lecture introduces:

¢ reset philosophy and architectural tradeoffs,

¢ asynchronous and synchronous reset strategies,

global startup mechanisms,

reset-domain crossing awareness,

deterministic startup engineering,

practical reset debugging.

Topics Covered

Why Reset Architecture Matters

* Real-world reset failures

e Hidden startup bugs

* Rare field failures

* The cost of reset mistakes

* Reset deadlock case studies
Reset Fundamentals

* Purpose of reset

* Initialization versus recovery

® Deterministic startup

* Hardware versus simulation assumptions
Reset Strategies

* Asynchronous reset
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Synchronous reset
Hybrid strategies
Advantages and tradeoffs

Timing implications

e Assertions and deassertions

Global Startup Behavior

Global set/reset

* Device configuration initialization

* Clock dependency / sequencing during startup

Power-on state

Startup sequencing

Reset-Domain Crossing

Reset synchronization
Why RDC matters

* Hidden metastability during reset release

Structural RDC analysis

* Preventing reset-related random failures
What Should (Not) Be Reset?

Control logic

State machines

Pipelines

Datapaths

Memory interfaces
Counters and status logic
Large data pipelines
Shift-register structures

Memory contents

Performance-critical datapaths

Resource-sensitive logic

Reset Cost

Resource overhead
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* Routing congestion
e Fanout challenges
e Timing degradation

e Startup latency

Practical Debugging

* Why systems occasionally freeze

Why finite state machines never start

Why systems fail after months in the field

Detecting missing clocks

Startup observability

Expected Outcomes

After completing this lecture, participants should be able to:

understand the role of reset architecture,

distinguish asynchronous and synchronous reset strategies,
design safe reset release mechanisms,

understand global startup behavior,

recognize reset-domain crossing risks,

decide what should and should not be reset,

understand the cost of unnecessary resets,

design deterministic startup behavior.

Independent Work

Practical assignment — Design and implement a clock-presence detector for an assigned
clocking environment.

Architecture analysis — Analyze reset structures used in a selected FPGA design and
identify unnecessary reset usage and potential robustness issues.

Practical assignment — Design and implement an assigned digital module using the selected
HDL language.

Survey — Complete the technical reflection survey related to the lecture.
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Deliverables

Participants are expected to submit:

¢ clock-presence detector implementation,

¢ reset architecture analysis,

¢ HDL module implementation,

¢ completed technical survey.
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7.12 Week 12 — Simulation, Functional Verification, Formal Verification, and Validation
Purpose

The twelfth lecture introduces the engineering discipline of proving design correctness before
hardware integration. Its purpose is to help participants understand that simulation alone does
not guarantee correct behavior and that professional FPGA development requires structured
verification, rule-based analysis, and systematic validation. Students learn how to plan verifi-
cation activities, create reusable test environments, detect hidden bugs early, and collaborate
effectively with verification engineers. This lecture marks the transition from “I simulated it” to
“I actively reduced design risk.”

Scope
This lecture introduces:
¢ the differences between verification, formal verification, and validation,
e verification planning and engineering risk reduction,
¢ simulation methodologies and reusable testbench design,
* assertions, coverage, and proof-oriented thinking,
e static design checks including linting, CDC, and RDC analysis,

¢ practical debugging strategies and collaboration with verification teams.

Topics Covered

Verification Fundamentals

o What verification means

What validation means

Functional verification versus formal verification

Verification versus debugging

Risk reduction through engineering checks
* Verification workflow
Verification Planning
* Why verification starts before implementation
* Defining verification goals
* Traceability to requirements

* Verification plans
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* Exit criteria

* Risk-based verification strategy
Functional Verification Approaches

* Four verification approaches

* Verification method vs debugging effort

* Constrained-random testing
Testbench Architecture

¢ Testbench organization

* Stimulus generation

* Reference models

* Scoreboards

* Self-checking testbench
Introduction to Formal Verification

e What formal verification proves

Simulation versus mathematical proof

Reachability analysis
Deadlock detection

* Safety properties

* Basic proof-oriented thinking
Coverage Fundamentals

* Code coverage

* Functional coverage

* Assertion coverage

* Coverage holes

* Coverage closure
Static Design Analysis

* Linting

* Coding rule checks

e Structural analysis

e CDC analysis

e RDC analysis
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* Detecting avoidable design bugs early
Simulation in Practice

* Why engineers love simulation

* Where simulation fails

* Corner-case thinking

* False confidence in green waveforms
Simulation versus Synthesis

* Behavioral versus synthesized interpretation

* Language standard compliance

* Tool-specific interpretation differences

¢ Simulation-only constructs
Debugging Verification Failures

* Reading waveforms efficiently

* Finding the first failing event

* Why designs freeze

* Why finite state machines stop progressing

* Distinguishing design bugs from testbench bugs
Working with Verification Engineers

* Design handoff expectations

» Writing verification-friendly RTL

¢ Communicating assumptions

* Reviewing bug reports

* Closing verification issues efficiently

Expected Outcomes

After completing this lecture, participants should be able to:

understand why verification planning begins before implementation,

¢ create simple self-checking testbenches,

understand directed and randomized verification strategies,

distinguish between functional verification, formal verification, and validation,
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* write basic assertions for protocol and state checking,

¢ understand the purpose of coverage metrics,

* recognize the limitations of simulation,

¢ understand how linting, CDC, and RDC tools reduce design risk,
* debug simulation failures efficiently,

¢ collaborate effectively with verification engineers.

Independent Work

¢ Testbench development — Design and implement a self-checking testbench for an assigned
HDL module.

* Design review — Analyze a provided RTL module, detect all functional, structural, and
coding issues, and prepare a written bug report.

¢ Practical assignment — Design and implement an assigned digital module using the selected
HDL language.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:
¢ self-checking testbench implementation,
¢ design review and bug report,
¢ HDL module implementation,

¢ completed technical survey.
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7.13 Week 13 - Verification Strategy, Planning, and Coverage-Driven Thinking
Purpose

The thirteenth lecture introduces verification as an engineering process rather than a collection
of isolated simulation activities. Its purpose is to help participants understand how verification
effort, planning quality, and methodology selection directly influence debugging time, product
quality, project predictability, and engineering cost. Students learn how to define verification
objectives, structure verification activities, measure progress, and determine when a design is
sufficiently verified for integration or release.

Scope
This lecture introduces:

e verification as a project-level engineering process,

verification planning and risk-based prioritization,

* regression testing and coverage-driven verification,

practical closure criteria,

balancing verification effort against debugging cost,

avoiding unnecessary verification complexity.

Topics Covered

Verification versus Debugging

* Cost of late bug discovery

* Engineering economics of verification
Functional Verification Approaches

* Directed testing

* Constrained-random testing

* Coverage-driven verification

* Scenario-based and system-level verification

e Strengths and limitations of each approach
Assertions and Property Checking

* Why assertions matter

e Immediate and concurrent assertions

* Protocol checking
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* Timing checks

* Detecting illegal states

* Assertion-driven debugging
Verification Planning

* Why verification starts before implementation

* What a verification plan should contain

* Mapping requirements to verification activities

* Risk-based prioritization

* A weak plan is better than no plan at all
Verification Across Design Hierarchy

* Unit-level verification

* Subsystem-level verification

* Integration-level verification

* System-level verification

¢ Hardware validation
Regression Testing

e Why regressions matter

* Test selection strategies

¢ Automated regressions

* Tracking regressions over time

* Preventing bug reintroduction
Coverage-Driven Verification

* Functional coverage

* Code coverage

* Coverage holes

* Coverage closure

Why 100% coverage does not mean bug-free design
* Escaped bugs

Verification Closure
* When is verification done?

* Objective versus subjective closure
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¢ Exit criteria
* Residual risk
* Engineering tradeoffs
Avoiding Verification Overengineering
* Avoiding ten levels of virtualization
* Verification complexity versus engineering value
* Choosing the right abstraction level

* Practicality versus methodology purity

Expected Outcomes

After completing this lecture, participants should be able to:

¢ understand verification as a structured engineering process,
® prepare a basic verification plan,

* map requirements into verification activities,

¢ understand regression testing strategies,

e interpret coverage metrics critically,

¢ define realistic verification closure criteria,

* avoid unnecessary verification complexity.

Independent Work
¢ Verification plan — Prepare a verification plan for an assigned design, including objectives,
verification methods, corner cases, coverage goals, and closure criteria.

¢ Coverage analysis — Analyze a provided verification environment and identify potential
coverage gaps and escaped bug scenarios.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:
¢ verification plan,
* coverage analysis report,

¢ completed technical survey.
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7.14 Week 14 — Practical Verification Methodologies and Framework Selection
Purpose

The fourteenth lecture introduces practical verification methodologies used in professional FPGA
and ASIC development. Its purpose is to help participants understand the strengths, limitations,
complexity, and real-world applicability of modern verification frameworks. Students learn
how to select verification methodologies appropriate for project size, team maturity, schedule
constraints, and long-term maintainability rather than following methodology trends blindly.

Scope

This lecture introduces:

black-box and white-box verification strategies,

modern verification methodologies,

framework selection based on project needs,

practical use of assertions,

collaboration between design and verification teams.

Topics Covered

Black-Box Verification

* Why engineers love black-box testing

e Interface-driven verification

e Stability during implementation changes

* Limitations of black-box approaches
White-Box Verification

* Internal observability

e Structural awareness

e State visibility

* Debug advantages and risks
Assertion-Based Verification

* Protocol assertions

» Safety checks

¢ Corner-case detection

e Assertions as executable documentation
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UVM

* Architecture and philosophy

* Where UVM shines

e Scalability

e Reusability

* Integration with large teams

* Complexity and learning curve

* Where UVM fails in practice
UVVM

* Architecture

e Strengths in FPGA projects

* Ease of adoption

* Practical limitations
OSVVM

* Architecture

» Coverage-driven capabilities

* Randomization support

* Practical use cases
Other Verification Frameworks

* Lightweight frameworks

* Vendor-specific environments

¢ Custom in-house methodologies

* When simplicity wins
Framework Selection

* Team size

* Project complexity

Verification reuse

Schedule constraints

Maintainability

Return on investment
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Expected Outcomes

After completing this lecture, participants should be able to:

understand black-box and white-box verification strategies,
apply assertions to improve design robustness,

understand where UVM provides value,

recognize when UVM introduces unnecessary complexity,
understand practical applications of UVVM and OSVVM,
select verification methodologies based on project needs,

communicate effectively with verification teams.

Independent Work

¢ Assertion development — Develop assertions for an assigned design or communication
protocol.

* Methodology comparison — Compare selected verification methodologies and recommend

¢ Survey — Complete the technical reflection survey related to the lecture.

an approach for a specified project scenario.

Deliverables

Participants are expected to submit:

assertion implementation,
methodology comparison report,

completed technical survey.
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7.15 Week 15 - Timing Closure and Performance Optimization

Purpose

The fifteenth lecture introduces the practical engineering discipline of closing timing in real
FPGA designs. Its purpose is to help participants understand that timing closure is not a
single tool operation, but an iterative optimization process involving architecture, RTL structure,
physical implementation, constraints, clocking, and engineering tradeoffs. Students learn how
to analyze timing failures, identify root causes, and select optimization techniques appropriate
for the specific problem rather than applying generic fixes blindly.

Scope

This lecture introduces:

¢ timing closure as an iterative engineering process,

¢ identifying root causes of timing failures,

¢ architectural, RTL, and physical optimization techniques,
¢ timing tradeoffs and the “short blanket” effect,

* selecting optimization strategies based on the problem,

¢ balancing performance, area, power, and maintainability.

Topics Covered

Timing Closure Philosophy
e What timing closure really means
* Why green timing does not always mean good design
* Timing closure versus design quality
* Timing as a system-level responsibility
The “Short Blanket” Effect
* Why fixing one path often creates another problem
* Performance versus area tradeoffs
* Performance versus maintainability
* Performance versus power
* Performance versus architecture complexity
Root-Cause Analysis

* Logic-related timing failures
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Routing-related timing failures

Clocking-related timing failures

Constraint-related timing failures

* Placement-related timing failures

Architectural timing limitations
RTL-Level Optimization

* Logic restructuring

Datapath simplification

Reducing combinational depth

Operator decomposition

Control-path optimization

* Register duplication
Pipeline-Based Optimization

* Pipeline insertion

* Pipeline balancing

* Latency versus throughput tradeoffs

* Pipeline hazards

* Interface impact of added latency
Synthesis Optimization

* Retiming

* Logic replication

e Hierarchy flattening

* Resource mapping directives

* Fanout optimization

* Physical synthesis
Floorplanning and Physical Optimization

¢ Placement awareness

Logic locking

e Area constraints

Physical clustering

* Routing congestion management
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* Region-based optimization
Clocking Optimization

* Clock region awareness

* Clock skew reduction

* Clock resource selection

* Buffer placement

* Clocking architecture optimization
Memory and DSP Placement

* Physical resource alignment

* Cascade optimization

* Datapath locality

* Reducing long routing paths
Tool-Assisted Optimization

¢ Timing-driven compilation

¢ Incremental implementation

* Physical optimization passes

* Multi-seed compilation

e Comparative implementation analysis
When Not to Optimize

¢ Overengineering

¢ Hidden maintainability costs

* Technical debt created by timing fixes
Timing Closure Workflow

* Identify

* Analyze

Classify

Select optimization strategy

Implement

Verify

Repeat
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Expected Outcomes

After completing this lecture, participants should be able to:

understand timing closure as an engineering process,

identify root causes of timing failures,

distinguish RTL, architectural, physical, and constraint-related timing issues,
select optimization techniques appropriate for the specific problem,

apply pipelining, retiming, and logic restructuring strategies,

understand the benefits and limitations of floorplanning,

balance timing improvements against resource, power, and maintainability costs,

approach timing closure systematically rather than reactively.

Independent Work

Timing optimization study — Analyze an assigned timing failure and propose multiple
timing closure strategies, including architectural, RTL, and implementation-level solutions.

Practical assignment — Modify an assigned design to improve timing using at least two
different optimization techniques and compare the results.

Implementation analysis — Generate before-and-after timing reports and explain the impact
of each optimization step.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

timing optimization report,
optimized HDL implementation,
comparative timing analysis,

completed technical survey.
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7.16 Week 16 — Standard Interfaces, Peripheral Protocols, and Communication Fundamentals
Purpose

The sixteenth lecture introduces the principles of digital communication between hardware
blocks and external devices. Its purpose is to help participants understand that modern FPGA
development rarely involves isolated modules and instead requires reliable communication
between processing blocks, peripherals, processors, sensors, memories, and external systems.
Students learn the difference between interfaces and protocols, how communication standards
are structured, and how protocol design influences scalability, debug visibility, latency, and
system integration.

Scope

This lecture introduces:

the difference between interfaces and protocols,

¢ communication fundamentals in digital systems,

peripheral communication standards,

¢ on-chip communication architectures,

packet-based communication principles,

designing reliable hardware interfaces.

Topics Covered

Communication Fundamentals
e What an interface is
* What a protocol is
* Electrical layer versus logical layer
* Timing versus functional behavior
* Interface abstraction

Protocol Design Principles

e Handshaking

Flow control

* Framing

Packetization

Error detection
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e Throughput versus latency
Peripheral Communication Standards

e UART

e SPI

o I°C

* Typical application areas

¢ Advantages and limitations

* Debug and integration considerations
Streaming Interfaces

* Valid-ready handshaking

* Backpressure

e Frame boundaries

* Packet transfer

e Throughput optimization
Memory-Mapped Interfaces

* Register access

¢ Address decoding

* Control and status registers

* Software-hardware interaction
On-Chip Bus Architectures

e AXI Stream

e AXI Memory-Mapped

* APB

¢ Avalon interfaces

* Selecting the right bus architecture
Debugging Communication Interfaces

* Protocol analyzers

* Internal observability

¢ Timing-related communication failures

e Deadlock and flow-control issues

GEN, LTE-001, Rev. 1.0, 2026/05/14 732156



Document name:

Bright FPGA Academy — CURRICULUM

Document date: 2026/05/14 Document version: 1.0
Project name: Long-term education Document identifier: LTE-001
Confidentiality: (Public) Document type: GEN

Expected Outcomes

After completing this lecture, participants should be able to:

distinguish between interfaces and protocols,

understand common peripheral communication standards,

explain streaming and memory-mapped communication models,

understand flow control and handshaking,

select appropriate communication interfaces for a given application,

design reliable hardware interfaces.

Independent Work

Technical study — Explain the difference between an interface and a protocol.

Technical study — Prepare technical descriptions of Ethernet, IP, UDP, and TCP.

Practical assignment — Design an AXI Stream replay block using only lookup tables and
flip-flops. All outputs must be registered. Direct combinational input-to-output paths are

not allowed.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

interface versus protocol study,

network protocol descriptions,

AXI Stream replay implementation,

completed technical survey.
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7.17 Week 17 — High-Speed Interfaces, System Integration, and Custom Protocol Design
Purpose

The seventeenth lecture introduces the practical integration of FPGA designs into larger data-
processing systems. Its purpose is to help participants understand how high-throughput commu-
nication standards, external memory systems, and packet-based architectures influence system
design, buffering strategies, timing, and verification complexity. Students learn how to integrate
standard interfaces, evaluate implementation tradeoffs, and design custom communication
protocols for FPGA-to-FPGA systems.

Scope

This lecture introduces:

high-speed communication standards,

packet-based data movement,

FPGA networking interfaces,

external interface implementation tradeoffs,

clock alignment and deskew techniques,

custom protocol design.

Topics Covered

Ethernet Interfaces
e RMII

RGMII

GMII

XGMII

Clocking and timing considerations

e Packet-based data movement
USB Integration

¢ USB in FPGA systems
External controller devices
Embedded IP solutions

Implementation complexity

Practical tradeoffs
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JESD Interfaces

e JESD204 concepts

* Deterministic latency

* Lane synchronization

* Link bring-up

* Practical implementation challenges
Package and Interface Timing

* Package skew

* Lane alignment

* Deskew mechanisms

* Interface calibration
External Memory Integration

* DDR controller usage

* Burst-oriented access

* Arbitration

* Buffering strategies

* Memory as part of system architecture
Packet-Based Architectures

¢ Framing

* Headers

* Payload

* Error detection

* Packet routing

* Backpressure handling
Custom Protocol Design

* Application-driven protocol design

Reliability mechanisms
Scalability

* Versioning

Debug visibility

e Long-term maintainability
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System Integration Thinking

o Interface reuse

Protocol reuse

Verification implications

Integration bottlenecks

Scalability considerations

Expected Outcomes

After completing this lecture, participants should be able to:

understand common FPGA networking interfaces,

recognize implementation tradeoffs of high-speed protocols,
understand the role of external controllers versus embedded IP,
understand packet-based architectures,

recognize alignment and deskew challenges,

design custom communication protocols,

integrate FPGA modules into larger communication systems.

Independent Work

Protocol design — Design a custom FPGA-to-FPGA communication protocol for an assigned
application.

Specification development — Prepare a technical specification including assumptions,
interface definition, timing requirements, frame structure, error handling, and scalability
considerations.

Frame design — Define and document the communication frame format.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

custom protocol specification,
frame format definition,
architecture rationale,

completed technical survey.
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7.18 Week 18 - IP Integration, Reuse, and Design Packaging

Purpose

The eighteenth lecture introduces the engineering discipline of creating reusable intellectual
property and safely integrating externally developed design components. Its purpose is to
help participants understand that successful FPGA development depends not only on writing
working RTL, but also on building modules that other engineers can confidently reuse, main-
tain, verify, and integrate across multiple projects. Students learn how to package their own
IP, evaluate third-party solutions, identify integration risks, and avoid turning projects into

unmaintainable black boxes.

Scope
This lecture introduces:

¢ reusable IP design principles,

¢ design partitioning and interface abstraction,

¢ configurable and parameterized IP development,

¢ vendor, third-party, and open-source IP integration,

* versioning, licensing, and lifecycle management,

¢ documentation requirements for professional IP reuse.

Topics Covered

What Makes IP Reusable

* Project code versus reusable IP

¢ Interface stability

¢ Predictable behavior

* Configuration flexibility

* Documentation and supportability
IP Design Fundamentals

* Clean module boundaries

® Design partitioning

Functional ownership

Hierarchical decomposition

Designing for long-term reuse
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Configurable IP Design

* Generics and parameters
* Feature enablement
* Interface scalability
e Compile-time configurability
* Avoiding configuration complexity
Soft IP versus Hard IP
* Definition and implementation differences
* Performance tradeoffs
 Portability
* Debug visibility
* Integration constraints
Sources of IP
* Vendor IP
Third-party commercial IP

* Open-source IP

In-house IP libraries

* Support models and ownership
IP Does Not Mean Correct

e Vendor IP bugs

* Third-party assumptions

* Incomplete validation

* Configuration-dependent failures

* Trust versus verification
When IP Is the Right Choice

* Proven functionality

* Schedule pressure

e Certification requirements

¢ Complex protocol implementation

* Specialized hardware functions
When IP Becomes Risky
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Black-box debugging limitations

Hidden architectural assumptions

Inflexible interfaces

* Incomplete documentation

e Unsupported legacy versions
Versioning and Lifecycle Risks

* Version compatibility

* Toolchain dependencies

e Silent behavioral changes

* Regression after upgrades

* Long-term maintenance
Licensing and Support

e Evaluation licenses

Project licenses

Node-locked versus floating licenses

Maintenance agreements

Vendor support models
* Total cost of ownership
Practical Integration Pitfalls
* Clocking assumptions
* Reset assumptions
* Timing assumptions
* Interface mismatches
¢ Simulation versus hardware discrepancies
* Tool version incompatibilities
Black-Box Debugging
¢ Limited observability
* Missing internal visibility
* Integration-level symptom analysis
* Building wrapper-level diagnostics

Packaging Your Own IP
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Interface definition

Clock-domain specification

¢ Timing assumptions

Reset behavior

Configuration parameters

¢ Example integration scenarios
Documentation of Reusable IP

* Interface specification

* Clock and timing assumptions

Reset strategy

Verification evidence

Known limitations

Integration guide

Version history

Expected Outcomes
After completing this lecture, participants should be able to:

e distinguish project-specific RTL from reusable IP,

¢ design configurable and reusable hardware blocks,

¢ understand the differences between hard and soft IP,

¢ evaluate vendor, third-party, and open-source IP solutions,

¢ identify integration risks associated with black-box components,
¢ understand versioning and licensing implications,

¢ package internally developed IP for safe reuse,

* prepare documentation required for professional IP deployment.

Independent Work

¢ IP analysis — Select an existing FPGA IP core and analyze its architecture, assumptions,
configuration options, limitations, and integration risks.
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¢ IP packaging — Select a previously developed HDL module and transform it into reusable
IP by defining configuration parameters, interfaces, assumptions, and integration require-
ments.

* Documentation — Prepare an integration guide including interface definition, clock-domain
assumptions, timing assumptions, reset behavior, verification evidence, and known limita-
tions.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:
¢ IP core analysis,
¢ packaged reusable IP implementation,
¢ IP integration user guide,

¢ completed technical survey.
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719 Week 19 — Reliability, Error Handling, and Design-for-Test
Purpose

The nineteenth lecture introduces the engineering discipline of designing FPGA systems for
imperfect real-world operation. Its purpose is to help participants understand that reliable
hardware is not defined only by functional correctness under ideal conditions, but by predictable
behavior when clocks disappear, data becomes corrupted, protocols are violated, resources
overflow, or unexpected states occur. Students learn how to design systems that detect faults,
react safely, recover gracefully, and provide enough diagnostic visibility for efficient debugging
in both laboratory and field environments.

Scope
This lecture introduces:

¢ robustness-oriented hardware design,

¢ fault detection and controlled fault handling,
¢ diagnostic observability and design-for-test,

¢ recovery mechanisms and safe-state behavior,
¢ radiation and transient fault awareness,

¢ designing hardware for long-term field operation.

Topics Covered

Reliability Thinking
* Designing for imperfect reality
* Why systems fail in the field
¢ Functional correctness versus operational robustness
* Preventing silent failures
* Engineering for diagnosability
Fault Sources in FPGA Systems

e Invalid inputs

Startup transients
Clock instability

Link loss

Power disturbances
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e Timing margin degradation

e Environmental effects
Single Event Effects

* Single-event upsets

* Configuration memory corruption

* Soft errors

* Radiation awareness

* Practical mitigation strategies
Error Detection

¢ Protocol violations

Illegal state detection

Data corruption detection

Timeout detection

Clock-loss detection

® Lock-loss detection
Resource Protection

e FIFO overflow

e FIFO underflow

¢ Buffer exhaustion

e Counter overflow

* Arithmetic overflow

* Interface backpressure
Safe Defaults and Fault Containment

e Safe-state transitions

* Default outputs

e Fail-safe behavior

e Fault isolation

* Preventing fault propagation
Recovery Strategies

* Automatic recovery

e Controlled reset
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* Partial subsystem restart

* Retry mechanisms

* Graceful degradation

* Escalation strategies
Watchdog Architectures

¢ Timeout supervision

¢ Activity monitoring

* Heartbeat monitoring

* External versus internal watchdogs

* Recovery triggering
Status and Error Reporting

* Status registers

e Error counters

Sticky flags

Event history

Fault timestamps
* Health monitoring
Design-for-Test
* Test hooks

Internal observability

* Debug counters

Diagnostic registers

Built-in test support

Serviceability considerations
Lab versus Field Diagnostics
* What works in simulation
e What works in the lab
e What works in deployed systems
» Capturing rare failures
* Designing for remote diagnostics

Robustness Tradeoffs
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e Resource cost

¢ Timing impact

Additional latency

Verification complexity

* Long-term engineering value

Expected Outcomes

After completing this lecture, participants should be able to:

think about failure scenarios during design,

identify common fault sources in FPGA systems,

design hardware that detects invalid operating conditions,
implement controlled fault handling strategies,

design safe recovery mechanisms,

implement watchdog-based supervision,

create diagnostic and status-reporting mechanisms,
design systems that remain debuggable after deployment,

balance robustness against resource and performance costs.

Independent Work

Fault analysis — Analyze an assighed hardware subsystem and identify possible failure
scenarios, fault sources, and hidden operational risks.

Practical assignment — Design and implement a fault-monitoring module capable of
detecting timeouts, missing activity, protocol violations, or abnormal operating conditions.

Recovery architecture — Define fault reaction strategies, safe-state behavior, and recovery
mechanisms for the assigned subsystem.

Survey — Complete the technical reflection survey related to the lecture.
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Deliverables

Participants are expected to submit:

¢ fault analysis report,

¢ fault-monitoring HDL implementation,

* recovery strategy specification,

¢ completed technical survey.
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7.20 Week 20 - System-Level Design and Architecture Tradeoffs
Purpose

The twentieth lecture introduces the engineering discipline of system-level architecture and
technical decision-making. Its purpose is to help participants transition from implementing
isolated modules to designing complete systems with clear structure, well-defined boundaries,
predictable scalability, and manageable technical risk. Students learn how to partition systems,
evaluate architectural tradeoffs, estimate implementation feasibility early, and make deliberate
technology decisions involving programmable logic, processors, accelerators, and external IP.
This lecture marks the transition from implementation-driven engineering to architecture-driven
engineering.

Scope
This lecture introduces:
* system decomposition and architectural thinking,
¢ functional partitioning and hierarchy definition,
¢ control-plane and data-plane separation,
e architecture tradeoffs involving latency, throughput, and resources,
¢ platform and device selection,

¢ clocking, reset, and infrastructure planning at system scale.

Topics Covered

Architectural Thinking
* Designing before implementing
* The cost of poor architecture
¢ Lack of decision is a decision
* Technical debt created by architectural hesitation
* Thinking in years rather than builds
System Decomposition

* Breaking systems into manageable blocks

Functional ownership

Responsibilities of each subsystem

Interface-driven decomposition

Designing for independent development
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Hierarchical Design
* Good hierarchical boundaries
e Stable interfaces
* Avoiding cross-layer dependencies
* Scalability of hierarchy
* Debug visibility through hierarchy
Partitioning Strategies
* Functional partitioning
* Performance-driven partitioning
* Resource-driven partitioning
* Verification-driven partitioning
* Team-driven partitioning
Control Plane versus Data Plane
* Configuration and control logic
* High-throughput data processing
* Independent timing requirements
* Isolation of responsibilities
* Scalability implications
Platform Partitioning
* CPU versus FPGA
* GPU versus FPGA
e Hardware versus software
* Embedded software versus dedicated logic
* Hybrid architectures
Build versus Buy Decisions
¢ Custom RTL
Vendor IP
Third-party IP

Embedded processors

Time-to-market considerations

e Long-term maintainability
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Architecture Tradeoffs

* Latency versus throughput

* Performance versus area

* Performance versus power

* Flexibility versus optimization

* Reuse versus specialization
Early Feasibility Analysis

* Rough resource estimation

* Timing feasibility

* Memory bandwidth estimation

* Interface feasibility

* Risk identification before implementation
FPGA Selection

* Logic requirements

* Memory requirements

DSP requirements

I/0O and transceiver requirements

Package considerations

Toolchain considerations

Cost and availability
e Lifecycle planning
Clock Architecture
* System clock strategy
* Clock-domain planning
* Clock ownership
* Generated clock planning
* Scalability of clock architecture
Reset Architecture
* Global versus local resets
* Startup dependencies

* Reset sequencing
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® Recovery considerations

* Reset-domain ownership
Interface Boundaries

¢ Ownership of timing

¢ Ownership of buffering

* Protocol boundaries

* Debug boundaries

* Future expansion points
Architecture Reviews

* Questioning assumptions

* Identifying hidden coupling

* Challenging complexity

* Design review culture

Expected Outcomes

After completing this lecture, participants should be able to:

think about systems before implementation,

¢ decompose complex systems into manageable subsystems,

¢ define clean hierarchical boundaries,

* separate control-plane and data-plane functionality,

¢ evaluate CPU, GPU, FPGA, and software partitioning options,
¢ estimate architectural feasibility early,

¢ select appropriate FPGA devices for system requirements,

¢ define clock and reset strategies at system scale,

¢ make deliberate architecture decisions rather than accidental ones.

Independent Work

¢ System architecture — Design a high-level architecture for an assigned application, in-
cluding subsystem partitioning, hierarchy, interfaces, clock domains, reset domains, and
implementation assumptions.
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¢ Technology selection — Justify the partitioning between CPU, FPGA, GPU, embedded
software, vendor IP, and custom RTL for the selected application.

¢ Platform analysis — Select an FPGA device for the proposed architecture and justify the
selection based on technical, business, and lifecycle requirements.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:
* system architecture specification,
¢ technology partitioning analysis,
* FPGA selection justification,

¢ completed technical survey.
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7.21 Week 21 - Requirements Engineering, Specifications, and Technical Decision-Making
Purpose

The twenty-first lecture introduces the engineering discipline of understanding what should be
built before deciding how to build it. Its purpose is to help participants understand that success-
ful FPGA projects begin with clear requirements, critical reading of specifications, structured
questioning, and early identification of hidden assumptions. Students learn how to analyze in-
complete specifications, identify missing technical information, challenge unclear requirements,
and translate system expectations into architecture, implementation, and verification objectives.

Scope
This lecture introduces:
* requirements-driven engineering,
¢ reading and analyzing technical specifications,
¢ identifying missing information and hidden assumptions,
¢ translating requirements into engineering decisions,
¢ top-down and bottom-up design approaches,

* cross-disciplinary engineering collaboration.

Topics Covered

Why Requirements Matter

* Why engineers code too early

* Cost of misunderstood requirements

* Assumptions as hidden project risks

* Engineering versus implementation
Reading Specifications

* Functional requirements

* Performance requirements

* Interface requirements

* Reliability requirements

* Manufacturing and deployment constraints
What Is Missing?

* Incomplete timing requirements
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* Missing interface ownership

Undefined startup behavior

Undefined error handling

Undefined environmental assumptions
* Missing verification criteria
Asking the Right Questions
e Who owns the interface?
* What happens after reset?
* What happens when timing is missed?
e What happens when input data stops?
* What happens when assumptions fail?
Top-Down versus Bottom-Up Design
* Architecture-driven development
* Implementation-driven development
* When top-down wins
* When bottom-up is useful
¢ Combining both approaches
Types of FPGA Engineers
* General FPGA engineer
* Verification engineer
e DSP-focused engineer
* Integration engineer
* Board bring-up engineer
* System architect
Cross-Disciplinary Cooperation
» Working with verification engineers
* Working with PCB engineers
* Working with embedded software engineers
* Working with systems engineers
* Working with manufacturing teams

Development versus Production Thinking
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Development shortcuts

Known limitations

Temporary workarounds

Production readiness

¢ Removing technical debt before release

Feasibility Thinking

* Clock feasibility

Throughput estimation

Memory bandwidth estimation
DSP and BRAM estimation

Interface bottlenecks

* Identifying unrealistic assumptions

From Requirements to Verification

* Translating requirements into test cases
* Acceptance criteria
* Verification ownership

* Traceability

Expected Outcomes

After completing this lecture, participants should be able to:

read technical specifications critically,

identify missing or ambiguous requirements,

ask technically relevant clarification questions,

distinguish development assumptions from production requirements,
estimate early technical feasibility,

translate requirements into architecture and verification goals,

cooperate effectively across engineering disciplines.

GEN, LTE-001, Rev. 1.0, 2026/05/14

95 z 156



Document name: Bright FPGA Academy — CURRICULUM

Document date: 2026/05/14 Document version: 1.0

Project name: Long-term education Document identifier: LTE-001

Confidentiality: (Public) Document type: GEN
Independent Work

* Specification analysis — Analyze an assigned technical specification, identify missing
information, hidden assumptions, implementation risks, and unanswered engineering
questions.

* Action plan - Given a specification, define the engineering steps required before writing
the first line of RTL.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:
* specification analysis report,
¢ engineering action plan,

¢ completed technical survey.
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7.22 Week 22 - Project Planning,

Purpose

Estimation, and Technical Risk Management

The twenty-second lecture introduces the engineering discipline of planning technical work
before implementation begins. Its purpose is to help participants understand that many project
failures are not caused by technical inability, but by poor estimation, unrealistic schedules,
unclear ownership, hidden integration risks, and delayed discovery of critical issues. Students
learn how to decompose projects into manageable tasks, estimate implementation feasibility,
identify high-risk areas early, and build development skeletons that reduce integration surprises.

Scope

This lecture introduces:

project decomposition,

technical estimation,

early integration planning,

risk identification,

development skeletons,

engineering decision prioritization.

Topics Covered

Why Projects Fail

* Late integration

e Hidden assumptions

* Missing ownership

* Underestimated complexity

e Risk discovered too late

Project Decomposition

* Breaking systems into tasks

¢ Defining ownership

* Dependency analysis

¢ Parallel development opportunities

¢ Interface-first development

Technical Estimation
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e Resource estimation

* Timing estimation

Bandwidth estimation

Verification effort estimation

* Integration effort estimation

Technical Risk Management
* Identifying risky blocks

¢ Unknown technologies

Toolchain risks
Vendor IP risks
Interface risks
e Schedule risks

Risk Reduction Strategies

* Early prototypes
* Reduced builds

e Interface stubs

* Simulation-first integration

* Early hardware validation

Skeleton Projects

* Clocking skeleton

Reset skeleton

Build automation
* Integration hooks
Planning for Production

* Development builds

Production builds

Debug removal

Feature freeze

Release readiness

Interface placeholders

Debug infrastructure
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Decision Tracking
¢ Assumption logs

* Risk registers

Open technical questions

Architecture decisions

Change management

Expected Outcomes
After completing this lecture, participants should be able to:

* break complex projects into manageable tasks,

¢ estimate technical feasibility before implementation,
¢ identify high-risk blocks early,

¢ build development skeletons,

¢ reduce integration risk,

¢ distinguish development and production priorities,

¢ track technical decisions systematically.

Independent Work

¢ Skeleton project — Build a development skeleton for an assigned project, including clocking,
resets, interfaces, debug hooks, and build flow.

* Engineering report — Prepare a report describing assumptions, identified risks, integration
dependencies, and missing information.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables
Participants are expected to submit:

¢ project skeleton,
* engineering planning report,

¢ completed technical survey.
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7.23 Week 23 - FPGA Debugging, Design-for-Debug, and Internal Observability
Purpose

The twenty-third lecture introduces the engineering discipline of debugging FPGA systems
in real hardware. Its purpose is to help participants understand that many failures cannot
be reproduced in simulation and require carefully designed observability, instrumentation,
and structured debugging strategies. Students learn how to design FPGA systems that remain
diagnosable during development, integration, and field operation, and how to collect meaningful
evidence when hardware behaves unexpectedly.

Scope
This lecture introduces:
¢ debugging as a structured engineering process,
¢ design-for-debug principles,
¢ internal instrumentation techniques,
¢ integrated logic analyzers,
¢ debug visibility with limited resources,
¢ debugging of vendor and third-party IP.

Topics Covered

Why Hardware Debugging Matters

Why simulation is not enough

When hardware behaves differently

The cost of invisible failures
e Debugging under uncertainty
Structured Debugging

e Observation before modification

Isolate before optimizing

Changing one variable at a time

Cutting the problem repeatedly

Building evidence instead of assumptions
Design-for-Debug Philosophy

* Designing for observability
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* Designing for diagnosability

* Permanent versus temporary debug infrastructure

Debug ownership

Internal Instrumentation

Counters

Status registers

Sticky error flags
State-machine visibility
Branch coverage indicators
Event counters

Heartbeat indicators

Trace Infrastructure

Debug buses

Trace points

Snapshot registers
Circular debug memories
Event-triggered capture

Trigger chaining

Integrated Logic Analyzers

Trigger strategies
Probe selection
Memory limitations
Capture windows
Sampling strategies

Timing correlation

Limited Visibility Debugging

e What to observe first

Capturing rare events
Time-based triggers

Progressive narrowing

* Minimal instrumentation strategies
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Debug-Friendly Interfaces

Registered interfaces

Why streaming interfaces help debugging

Replicated registers

Avoiding direct I/O probing
* Interface ownership

Debugging Vendor and Third-Party IP

Black-box limitations

* Wrapper instrumentation

Interface-level observation

Detecting hidden stalls

* Version-related behavior changes
Simulation versus Hardware Debugging

e What is faster in simulation

e What only hardware can reveal

* Correlating simulation and hardware evidence

* Choosing the right environment
Practical Debugging Case Studies

e Random FSM freeze

* Missing handshake

e Counter overflow

* Clock instability

¢ Hidden reset interaction

Expected Outcomes
After completing this lecture, participants should be able to:
¢ approach hardware debugging systematically,

design debug-friendly FPGA systems,

instrument RTL for observability,

use integrated logic analyzers efficiently,

debug with limited capture memory,
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e correlate simulation and hardware evidence,

¢ debug black-box IP at the interface level.

Independent Work

* Debug instrumentation — Add debug infrastructure to an assigned RTL design, including
status registers, counters, event flags, and trace visibility.

¢ Failure analysis — Analyze an assigned failing design scenario and propose a structured

debugging strategy.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

¢ instrumented RTL implementation,

¢ debugging strategy report,

¢ completed technical survey.

GEN, LTE-001, Rev. 1.0, 2026/05/14

103 z 156



Document name: Bright FPGA Academy — CURRICULUM

Document date: 2026/05/14 Document version: 1.0
Project name: Long-term education Document identifier: LTE-001
Confidentiality: (Public) Document type: GEN

7.24 Week 24 — Board Bring-Up, Lab Debugging, and Root-Cause Isolation

Purpose

The twenty-fourth lecture introduces the practical engineering discipline of bringing a new
FPGA board or subsystem to life. Its purpose is to help participants understand how to approach
tirst-power-on situations systematically, verify assumptions quickly, and isolate failures using
both internal instrumentation and external laboratory equipment. Students learn how to validate
clocks, resets, interfaces, and signal integrity, and how to convert uncertain hardware symptoms
into reproducible engineering evidence.

Scope

This lecture introduces:

e structured board bring-up,

¢ first-power-on validation,
¢ ]lab instrumentation,

¢ interface validation,

¢ hardware root-cause isolation,

¢ correlation between simulation and physical behavior.

Topics Covered

Bring-Up Philosophy

* Never trust assumptions

* Verify fundamentals first

e Build confidence progressively

* Isolate before integrating
First-Power-On Strategy

e Power rails

* Configuration success

* Clock validation

* Reset validation

¢ Basic communication checks
Interface Validation

* 1/0O configuration verification
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* Timing constraint validation

* Loopback testing

* Pattern generation

* Interface testers
Laboratory Tools

* Oscilloscopes

* Logic analyzers

* Protocol analyzers

* Differential probes

* Trigger synchronization
Signal Correlation

¢ Simulation versus hardware timing

* Clock correlation

* Trigger correlation

* Protocol correlation
Practical Failure Scenarios

* Missing clock

e LVDS inputs left floating

* Incorrect I/O standard

* Missing termination

Link training failure

Loss of lock

e Startup deadlock
Interface Testers

¢ Pattern generators

* Loopback verification

* Protocol exercisers

e Timing margin validation
Root-Cause Isolation

* Electrical problem or logic problem?

* Constraint problem or hardware problem?
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¢ Interface problem or protocol problem?
¢ Repeatability analysis
Live Debug Demonstration

¢ Hardware fault injection

Simulation-first debugging

Hardware-first debugging

Comparative debugging time

Evidence-based conclusions

Expected Outcomes
After completing this lecture, participants should be able to:

¢ approach board bring-up systematically,

¢ validate clocks, resets, and interfaces,

¢ use laboratory instruments effectively,

e correlate simulated and measured behavior,

¢ isolate electrical and logical failures,

¢ validate timing assumptions in real hardware,

¢ debug startup and interface issues efficiently.

Independent Work

* Bring-up procedure — Prepare a structured bring-up checklist for an assigned FPGA
platform.

¢ Interface tester — Design and implement an interface validation block for an assigned
communication standard.

¢ Failure investigation — Analyze an assigned hardware failure scenario and prepare a
root-cause isolation strategy.

* Survey — Complete the technical reflection survey related to the lecture.
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Deliverables

Participants are expected to submit:

* board bring-up procedure,

¢ interface tester implementation,

* root-cause analysis report,

¢ completed technical survey.
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7.25

Week 25 - Embedded Systems, SoC Integration, and Gateware-Software Interaction

Purpose

The twenty-fifth lecture introduces the engineering discipline of integrating FPGA designs with
embedded processors, firmware, and software-driven control systems. Its purpose is to help
participants understand that many modern FPGA systems are not standalone accelerators, but
parts of larger heterogeneous platforms combining programmable logic, processors, memories,
operating systems, and communication stacks. Students learn how to design software-visible
hardware, create maintainable hardware—software interfaces, and build FPGA components that

embedded developers can configure, monitor, debug, and deploy efficiently.

Scope

This lecture introduces:

system-on-chip architecture and design philosophy,
gateware—software interaction models,
memory-mapped hardware interfaces,
interrupt-driven communication,

DMA-based data movement,

boot and configuration flows,

hardware design for embedded software integration.

Topics Covered

Why SoC Architectures Matter

* Why modern systems combine processors and programmable logic
¢ When standalone FPGA is not enough

¢ Flexibility versus determinism

* Performance versus software complexity

* Why engineers like SoC architectures

When to Use SoC

* Control-plane applications
* Protocol-heavy systems
* Ethernet-based systems

e User interfaces
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* Remote management

* TField updates

* System diagnostics
SoC Architecture Fundamentals

* Processing system versus programmable logic

¢ Shared memory architectures

* Hardware accelerators

e Control versus data movement

e Hardware ownership boundaries
Hardware-Software Partitioning

* What belongs in software

* What belongs in hardware

e Latency-driven partitioning

e Throughput-driven partitioning

* Debug and maintainability considerations
Memory-Mapped Interfaces

* Register maps

Address allocation
* Configuration registers
* Control registers
* Status registers
* Constants and version registers
* Read-only versus writable fields
Register Design Principles

* Clear ownership

Atomic updates

Handshake registers

Sticky flags

e Error counters

Event history

Software-friendly reset behavior
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Interrupt-Based Communication
* Programmable logic to processor interrupts
* Processor to programmable logic signaling

* Event-driven synchronization

Interrupt latency

Interrupt storms
* Debugging interrupt systems
DMA Fundamentals
e Why polling is not enough
* Direct memory access
* Burst transfers
* Scatter-gather concepts
* Throughput considerations
* Buffer ownership
Boot and Configuration Flow
* Power-on behavior

® Processor startup

FPGA configuration

* Boot images

e Firmware loading

* Runtime reconfiguration
Ethernet-Based Systems

* Why Ethernet changes architecture

* Network stack ownership

* Packet movement

* Hardware acceleration

e Throughput bottlenecks
Standard Interconnects

¢ AXIinterconnect

* Memory-mapped interfaces

¢ Streaming interfaces
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* Integration simplicity

* Performance limitations

* Architectural constraints
Custom Interfaces

¢ Performance optimization

* Reduced overhead

* Driver development

* Verification complexity

* Long-term maintenance
Designing for Embedded Developers

* Clear register documentation

* Version visibility

¢ Error reporting

¢ Diagnostic hooks

Predictable behavior

* Integration user guides
Debugging Hardware-Software Systems
* Register visibility

Trace correlation

Software logs versus hardware traces

e Timing correlation

Cross-domain debugging

Expected Outcomes

After completing this lecture, participants should be able to:

understand when SoC architectures are beneficial,

partition functionality between hardware and software,

¢ design memory-mapped hardware interfaces,

create software-friendly register maps,

understand interrupt-based communication,
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understand the basics of DMA-driven data movement,

understand boot and configuration flows,

evaluate standard versus custom interconnect strategies,

design FPGA blocks that embedded developers can safely integrate and debug.

Independent Work

* Register map design — Design a memory-mapped register interface for an assigned hard-
ware subsystem, including configuration, control, status, version, and diagnostic registers.

¢ Architecture study — Analyze a selected SoC platform and describe how processing re-
sources, memories, peripherals, and programmable logic interact.

¢ Interface analysis — Compare a standard interconnect solution and a custom interface
for the assigned application, including performance, complexity, verification effort, and
software impact.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables
Participants are expected to submit:

* memory-mapped register specification,

¢ SoC architecture analysis,

interface comparison report,

completed technical survey.
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7.26 Week 26 — Performance, Area, and Power Optimization

Purpose

The twenty-sixth lecture introduces the engineering discipline of systematic design optimization.
Its purpose is to help participants understand that performance, area, and power are not
improved by random tool settings or trial-and-error experimentation, but through deliberate
architectural, RTL, and physical implementation decisions. Students learn how to identify
performance bottlenecks, reduce unnecessary resource usage, control power consumption, and
make balanced engineering tradeoffs between speed, latency, utilization, maintainability, and

energy efficiency.

Scope

This lecture introduces:

¢ optimization as an engineering process,

area reduction strategies,

performance improvement techniques,

* power estimation and power-aware design,

Topics Covered

Optimization Philosophy

balancing competing optimization objectives.

¢ Optimization is not a tool switch

* Measuring before optimizing

¢ Optimizing with purpose

¢ Local versus global optimization

* When not to optimize
Performance Analysis

* Finding bottlenecks

Critical path analysis

Throughput analysis

Latency analysis

Interface bottlenecks

identifying architectural and implementation bottlenecks,
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* Memory bandwidth limitations
Performance Improvement Techniques

* Pipelining

Pipeline balancing

Datapath restructuring

Parallelization

Task replication

Operator decomposition

* Architectural simplification
Retiming Awareness

* Automatic retiming

* Manual retiming

* Benefits and limitations

* Verification implications

* Interface timing impact
Logic Optimization

* Reducing combinational depth

* Logic sharing

* Logic duplication

* Boolean simplification

* Control-path optimization
Resource Optimization

* Resource sharing

* Time-multiplexed hardware

Arithmetic packing

* Memory optimization

* Efficient state encoding

¢ Removing unnecessary logic
Memory Optimization

* BRAM inference control

* Distributed memory versus block memory
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¢ Ultra RAM usage
* Buffer sizing
* Memory access patterns
DSP Optimization
e DSP inference control
* Cascade usage
* Pipeline insertion
* Arithmetic packing
* Resource locality
Fanout and Routing Optimization
e Fanout analysis
* Register replication
* Clock-enable optimization
* Reset fanout reduction
* Physical locality
Area Optimization
 Eliminating redundant logic
* Hierarchy restructuring
* Resource reuse
* Simplifying interfaces
e State reduction
Power Fundamentals
* Static power

* Dynamic power

Switching activity

Clock-tree power

I/0O power
* Memory power
Power Estimation
* Spreadsheet estimation

* Vendor power tools
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* Activity-based estimation

* Worst-case assumptions

* Thermal considerations
Power Optimization Techniques

¢ Clock enables

Activity reduction

Data gating

* Resource consolidation

e Frequency reduction

* Interface power optimization
Tradeoff Engineering

e Fmax versus latency

e Performance versus area

e Performance versus power

* Area versus maintainability

* Optimization versus verification effort
Optimization Workflow

* Measure

Identify bottleneck

Select strategy

Implement change

Verify functionality
* Measure again

e Document the result

Expected Outcomes
After completing this lecture, participants should be able to:
¢ approach optimization systematically,
¢ identify performance bottlenecks,
¢ improve throughput and timing intentionally,
¢ reduce unnecessary resource usage,
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control BRAM and DSP mapping,

reduce fanout-related timing issues,

estimate and analyze power consumption,

balance performance, latency, area, and power tradeoffs,

verify that optimization did not break functionality.

Independent Work

¢ Optimization study — Analyze an assigned design and identify performance, area, and
power bottlenecks.

¢ Practical assignment — Apply at least three optimization techniques to the assigned design
and compare the results.

* Power analysis — Estimate power consumption before and after optimization using avail-
able engineering tools and documented assumptions.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables
Participants are expected to submit:
¢ optimization analysis report,
¢ optimized HDL implementation,
* before-and-after resource, timing, and power comparison,

¢ completed technical survey.
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7.27 Week 27 — Engineering Workflow, Collaboration, and Maintainability

Purpose

The twenty-seventh lecture introduces the engineering discipline of building systems, processes,
and habits that allow technical work to remain understandable, reproducible, maintainable,
and scalable across teams and over time. Its purpose is to help participants understand that
professional engineering is not measured only by the ability to solve technical problems, but
also by the ability to communicate assumptions, track changes, preserve knowledge, collaborate
effectively, and leave behind work that other engineers can safely reuse, verify, and extend.

Scope
This lecture introduces:
¢ collaborative engineering workflows,
e version control and change management,
¢ reproducible development environments,
¢ documentation and technical communication,
* maintainability versus technical debt,

¢ engineering productivity and work organization.

Topics Covered

Engineering Process Maturity
* Individual contributor versus collaborative engineer
* Predictability and trust
* Engineering ownership
* Long-term maintainability
* Knowledge preservation
Version Control Fundamentals
 Distributed version control
* Repository organization
* Branching strategies
* Feature branches

* Integration branches

Release branches
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Git Engineering Practices
e Commit hygiene

e Atomic commits

Small versus large commits

Meaningful commit messages

Traceable engineering decisions

* Avoiding “mystery commits”

Code Reviews
* Why reviews matter
* Reviewing functionality
* Reviewing architecture

* Reviewing maintainability

* Reviewing verification evidence

* Receiving technical feedback professionally

Issue Tracking
¢ Feature requests
* Bug reports
* Technical debt tracking

e Root-cause documentation

* Ownership and prioritization

* Closing issues correctly

Build Reproducibility

e Why GUI-only workflows fail

Scripted builds

Tool version control

Dependency tracking

Rebuilding months later
* Deterministic outputs
Release Management
¢ Development builds

e Verification builds
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* Release candidates
e Production releases
* Build tagging

e Artifact tracking

Documentation for Engineers

* Design assumptions

e Known limitations

* Integration requirements

Verification status

Open technical risks

¢ Interface documentation

Documentation for Users and Integrators

* Integration guides

* Register maps

* Timing assumptions
* Reset assumptions

e Example usage

* Version compatibility

Debugging Knowledge Preservation

* Debugging notes

Failure history

Workarounds

e Root-cause documentation

* Capturing rare issues

e Avoiding repeated mistakes

Design Change Tracking

* Why changes happen

* What changed
* Why it changed

* Verification after change

* Risk introduced by changes
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Engineering Productivity
* Deep work versus interruptions

* Meetings are not engineering work

Work blocks in calendar

* Context switching cost

* Protecting engineering focus

* Managing technical energy
Efficiency at Work

* Prioritization

* Working on the riskiest blocks first

* Avoiding false progress

* Reducing rework

* Automating repetitive tasks
Maintainability versus Technical Debt

e Short-term speed versus long-term cost

* Hidden engineering debt

* Documentation debt

* Verification debt

* Process debt

* Refactoring at the right time
Communication in Engineering Teams

¢ Communicating assumptions

e Communicating limitations

¢ Communicating uncertainty

¢ Communicating verification status

Escalating risks early

Expected Outcomes

After completing this lecture, participants should be able to:

* use version control professionally,
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create meaningful and traceable commits,

participate effectively in code reviews,

track technical work using structured issue management,
create reproducible engineering builds,

document assumptions, limitations, and verification evidence,
preserve debugging knowledge,

organize engineering work efficiently,

recognize and reduce technical debt,

collaborate in a way that increases long-term team productivity.

Independent Work

Repository setup — Create a version-controlled engineering repository including source
code, scripts, documentation, build instructions, and release structure.

Code review — Perform a structured review of an assigned design and prepare technical
feedback related to functionality, maintainability, and verification readiness.

Engineering documentation — Prepare integration notes, build instructions, change history,
known limitations, and verification status for an assigned design.

Work analysis — Analyze one working week, identify interruptions, context switches,
meetings, deep-work time, and opportunities for improved engineering efficiency.

Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

structured engineering repository,
code review report,

engineering documentation package,
work-efficiency analysis,

completed technical survey.
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7.28 Week 28 — Application Domains, Functional Safety, and Industry-Specific Engineering
Purpose

The twenty-eighth lecture introduces the industry-specific realities of professional FPGA engi-
neering. Its purpose is to help participants understand that the same technical solution may
be acceptable in one application domain and completely unacceptable in another due to safety
requirements, certification standards, operational environments, lifecycle expectations, and reg-
ulatory constraints. Through expert-led case studies, students learn how engineering practices,
verification rigor, documentation requirements, and risk management change depending on the
target industry.

Scope
This lecture introduces:

¢ domain-specific engineering requirements,

safety-critical and mission-critical development,

certification-driven engineering,

long-lifecycle product development,

domain-specific verification and traceability,

real-world engineering practices from invited experts.

Topics Covered

Engineering Depends on Context
* Why one process does not fit all industries
¢ Consumer versus industrial engineering
¢ Prototype versus certified product
* Performance versus safety versus traceability
* Risk tolerance across industries
Functional Safety and Certification Thinking
* Deterministic behavior
* Traceability
* Verification evidence
* Configuration control

e Failure analysis
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* Documentation as engineering evidence
Guest Expert Session 1

* Domain-specific engineering practices

* Real project examples

* Typical design constraints

* Verification expectations

* Lessons learned from field deployments
Guest Expert Session 11

* Engineering workflow

* Domain-specific debugging

* Validation challenges

¢ Certification impact on design choices

* Long-term maintenance
Guest Expert Session 111

* Specialized architectures

* Reliability strategies

* Risk management

* Field support

* Lessons from critical failures

Application Domains
Medical Systems

* Patient safety

* Deterministic behavior

* Validation evidence

* Regulatory expectations
Aerospace and Avionics

* DO-254 processes

* Configuration control

* Verification independence

* Long lifecycle support

Automotive
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Functional safety
ISO 26262

* Diagnostic coverage

* Failure reaction
Space Systems
* Radiation effects
* Single-event effects
e ECSS standards
* Fault tolerance
Industrial Systems
¢ JEC-driven design
* Long operational lifetime
* Field diagnostics
* Serviceability
Nuclear Systems
¢ Deterministic verification
» IEC 61513
* Conservative engineering
e Extreme documentation
Military and Secure Systems
* Tamper resistance
* Secure boot
* Cryptographic validation
* Security standards
High-Performance Computing
e Performance density

e Thermal constraints

¢ Bandwidth-driven architecture

* Resource efficiency

Cross-Domain Comparison

* Performance-driven design
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¢ Safety-driven design
¢ Cost-driven design
¢ Certification-driven design

* Maintainability-driven design

Engineering Career Paths

* Choosing specialization
* Domain transferability
¢ Industry-specific skill development

¢ Building long-term expertise

Expected Outcomes

After completing this lecture, participants should be able to:

understand how engineering practices change across industries,

recognize the impact of certification on design workflows,

understand the importance of traceability and process discipline,

identify domain-specific reliability and verification requirements,

appreciate differences between performance-driven and safety-driven engineering,
evaluate potential career specialization paths,

understand how technical decisions are influenced by application context.

Independent Work

Domain analysis — Select one application domain and analyze its engineering constraints,
certification requirements, verification expectations, and typical failure risks.

Comparative study — Compare two selected industries and explain how architecture,
verification, documentation, and debugging practices differ.

Guest session reflection — Summarize the most important engineering lessons learned
from the expert presentations.

Survey — Complete the technical reflection survey related to the lecture.
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Deliverables

Participants are expected to submit:

¢ application domain analysis,

* comparative engineering study,

* guest session summary,

¢ completed technical survey.
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7.29 Week 29 - Why FPGA Projects Go Wrong: Technical Failures, Organizational Reality,
and the Sociology of FPGA Engineering

Purpose

The thirttwenty-ninth lecture introduces the real-world factors that cause FPGA projects to
fail despite strong technical intentions. Its purpose is to help participants understand that
many engineering failures are not caused by syntax mistakes or isolated RTL bugs, but by
underestimated complexity, missing competencies, poor organizational decisions, unrealistic
schedules, inadequate tooling, weak requirements, and ineffective engineering culture. Students
learn how to recognize these risks early, communicate technical reality effectively, and build
working habits that reduce avoidable project failures.

Scope
This lecture introduces:

* why FPGA projects fail in practice,

technical debt and organizational debt,

the real complexity of FPGA engineering,

the human and organizational challenges of the FPGA role,

* engineering under pressure,

practical strategies for surviving and improving difficult project environments.

Topics Covered

Why FPGA Projects Go Wrong

Technical problems versus organizational problems

Symptoms versus root causes

Failure patterns observed across projects
* Why many failures are predictable
The Complexity of FPGA Engineering
* FPGA is not “just digital logic”
* Hardware, software, timing, verification, PCB, and system integration
¢ The hidden cost of multidisciplinary engineering
e Why competence takes years
Different FPGA Project Scales
* Small FPGA designs
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Medium integration projects

Large multi-clock systems

High-speed and distributed systems

Why complexity grows nonlinearly
The Underestimation Problem
* “Itis only a small change”
* Hidden dependencies
* Hidden verification cost
e Hidden timing impact
* Hidden integration impact
The 1/10/100 Principle
* Cost of finding bugs early
* Cost of finding bugs during integration
* Cost of finding bugs in production
* Why methodology matters
* Why experience matters
Missing Competence
e Lack of timing understanding
* Lack of verification discipline
* Lack of architecture thinking
* Lack of system awareness
* Lack of debugging skills
Poor Requirements
* Missing ownership
* Missing timing requirements
* Missing error handling
¢ Missing acceptance criteria
* Undefined interfaces
Technical Debt in FPGA Projects
e Unconstrained paths
e Unsafe CDC
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* Reset misuse

e Simulation-only assumptions

¢ Missing documentation

* Missing regression testing
Verification Debt

* Weak verification planning

* Incomplete testbenches

* Missing assertions

* Missing corner cases

* Missing coverage thinking
Architectural Debt

* Overcomplicated architectures

* Poor hierarchy

* Unclear interfaces

* Too many hidden dependencies

* No ownership boundaries
Engineering Under Pressure

* Unrealistic schedules

* “Can we do it faster?”

* Constant interruptions

e Changing priorities

* False urgency

e Why pressure often reduces speed
The FPGA Engineer Position

e Why FPGA engineers are often blamed for long schedules

* Why hardware feedback loops are slow

* Why simulation matters

* Why verification takes time

e Why timing closure takes time
Tooling Limitations

* Inadequate workstations
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Missing simulation tools

Missing verification tools

Missing licenses

Slow build environments

® The hidden cost of weak tooling

Working Smart

* Reducing iteration cycles

Building skeletons early

Risk-first engineering

Debug infrastructure
e Automation

* Protecting deep work

Communicating Technical Reality

* Saying “I do not know yet”

¢ Explaining technical risk

¢ Communicating uncertainty

* Defending engineering quality

* Escalating technical debt early

Expected Outcomes

After completing this lecture, participants should be able to:

recognize common technical and organizational failure patterns,
understand why FPGA projects are often underestimated,
identify technical debt early,

recognize verification and architecture debt,

understand the economic impact of late bug discovery,
communicate technical risks more effectively,

work more strategically under schedule pressure,

recognize when poor tooling becomes a project risk,

understand the human and organizational realities of FPGA engineering.
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Independent Work

¢ Failure analysis — Analyze an assigned failed project scenario and identify technical,
organizational, and communication-related root causes.

¢ Risk assessment — Review a provided design and identify technical debt, hidden risks,
missing assumptions, and likely integration challenges.

* Personal reflection — Identify the engineering habits that currently save the most time and
those that create unnecessary technical debt.

* Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

project failure analysis,

technical risk assessment,

* engineering self-reflection,

completed technical survey.
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7.30 Week 30 — Good Engineering Practices and Efficient Troubleshooting
Purpose

The thirtieth lecture consolidates the practical engineering habits that make FPGA development
more predictable, maintainable, and efficient. Its purpose is to help participants understand that
good engineering is not based on luck, hero debugging, or last-minute workarounds, but on
discipline, traceability, reproducibility, structured problem solving, and deliberate reduction of
uncertainty. Students learn how to approach problems systematically, isolate failures, preserve
knowledge, and build workflows that reduce avoidable mistakes.

Scope

This lecture introduces:
¢ practical engineering habits for reliable FPGA development,
¢ divide-and-conquer debugging strategies,
e traceability and reproducibility,
¢ source-level problem solving instead of workaround culture,
¢ scripted and version-controlled workflows,

¢ structured thinking and communication during troubleshooting.

Topics Covered

Good Engineering Mindset
* Do not leave critical behavior to chance
* Engineering as uncertainty reduction
* Evidence-based decisions
e Assumptions as risks
* Discipline before speed
Divide and Conquer
* Breaking complex problems into smaller parts
* Isolating subsystems
* Reducing the search space
* Testing one hypothesis at a time
* Avoiding random debugging
Treat the Bug at the Source
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Finding root causes

Avoiding cosmetic fixes

Workarounds as a last resort

* Documenting unavoidable workarounds
* Preventing the same bug from returning
Traceability
* Requirements traceability
* Design decision traceability
* Verification evidence traceability
* Debugging history
* Linking changes to reasons
Skeleton Project
e Starting from a known-good structure
* Clocks and resets first
* Interfaces and constraints early
* Debug infrastructure from the beginning
* Building confidence step by step
From Working Solution to Controlled Changes
* First reach a minimal working solution
* Change one thing at a time
* Verify after each change
* Preserve known-good checkpoints
* Avoid large uncontrolled rewrites
Reproducible Workflows
* Moving from GUI actions to scripts
* Tcl-based build automation
* Recreating projects from source
* Tool version control
* Build logs and artifacts
Git and Rebuild Discipline

¢ Version-controlled sources
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Version-controlled scripts

Version-controlled constraints

Rebuild from a clean checkout

¢ Knowing exactly what changed

Debugging Communication

¢ Explaining the problem clearly

* Describing observations, not guesses

* Keeping debugging notes

* Asking better questions

* Yellow rubber duck debugging

Efficient Troubleshooting Practices

* Reproduce the issue

¢ Minimize the test case

* Instrument the design

* Compare expected and observed behavior

Confirm the fix

e Document the lesson learned

Expected Outcomes

After completing this lecture, participants should be able to:

¢ apply divide-and-conquer thinking to FPGA debugging,

¢ distinguish root-cause fixes from temporary workarounds,

* use traceability to connect requirements, design, verification, and changes,
¢ build FPGA projects from reproducible scripts,

* use Git to preserve and recreate engineering states,

¢ approach troubleshooting through evidence rather than assumptions,

¢ communicate debugging progress clearly,

¢ develop habits that reduce technical debt and repeated mistakes.
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Independent Work

¢ Troubleshooting report — Analyze an assigned failure scenario and document the investi-
gation using a structured divide-and-conquer approach.

* Reproducible build — Convert an assigned project or project fragment into a script-based,
reproducible build flow.

¢ Traceability exercise — Create a traceability table linking requirements, implementation
elements, verification evidence, and known limitations.

¢ Debugging notes — Prepare a concise debugging log describing observations, hypotheses,
experiments, results, and final conclusions.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables
Participants are expected to submit:

e structured troubleshooting report,

reproducible build scripts,

traceability table,

debugging log,

completed technical survey.
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7.31 Week 31 - Emerging FPGA Architectures and Modern Technology Trends
Purpose

The thirty-first lecture introduces the latest architectural trends in modern FPGA technology
and their impact on engineering workflows, design methodologies, verification strategies, and
system architecture decisions. Its purpose is to help participants understand how programmable
logic platforms continue to evolve beyond traditional LUT-based architectures, increasingly inte-
grating processors, network-on-chip infrastructures, high-bandwidth memories, RF subsystems,
hardened interfaces, and advanced timing optimization technologies.

Students learn how these architectural changes influence implementation strategies, verification
complexity, partitioning decisions, tool flows, and long-term career development in modern
FPGA engineering.

Scope
This lecture introduces:
¢ emerging FPGA architectural trends,
¢ heterogeneous computing platforms,
¢ hardened infrastructure and subsystem integration,
* next-generation memory and interconnect technologies,
¢ evolving implementation methodologies,

¢ future engineering skill requirements.

Topics Covered

Evolution of FPGA Technology
e From logic devices to heterogeneous computing platforms
¢ Increasing architectural complexity
* Integration of hardened subsystems
* Performance-driven architectural evolution
¢ Software-driven hardware platforms
HyperFlex
* HyperFlex architecture
* Register-rich routing fabrics
* Hyper-retiming concept

* Hyper-pipelining concept
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* Hyper-optimization concept

¢ Timing closure implications

* Architectural versus RTL optimization
Network-on-Chip

* Why crossbars no longer scale

NoC fundamentals

Traffic isolation

* Deterministic bandwidth

* Latency predictability

* Resource partitioning
High-Bandwidth Memory

e Why external DDR becomes a bottleneck
HBM architecture

Parallel memory channels

Bandwidth-driven architectures

Thermal considerations
* Memory-aware partitioning
Integrated Processing Systems
e ARM-based processing subsystems
* Hardware-software partitioning
* Embedded operating systems
* Accelerator architectures
* Control-plane versus data-plane separation
RF and Mixed-Signal Integration
* RF-capable FPGA platforms
* Integrated ADC and DAC resources
* Digital up-conversion and down-conversion
* Timing and synchronization challenges
* Calibration requirements
Hardened Infrastructure
* Hardened PCle
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¢ Hardened Ethernet

Hardened memory controllers
* Security engines
* System management infrastructure
Partial Reconfiguration and Dynamic Systems
* Runtime reconfiguration
* Resource sharing
* Adaptive systems
* Verification challenges
* Debugging implications
Toolchain Evolution
¢ Traditional RTL flows
* High-level synthesis
* Model-based design
* Software-defined hardware platforms
* Compiler-driven optimization
What Skills Will Matter Next?

e System architecture

Software awareness

* Memory-centric design

Verification scalability

Performance modeling

Cross-disciplinary collaboration

Expected Outcomes
After completing this lecture, participants should be able to:

¢ understand how modern FPGA architectures differ from traditional programmable logic
devices,

* understand the engineering implications of HyperFlex-style architectures,
¢ explain the purpose of network-on-chip infrastructures,
¢ understand when HBM-based architectures become beneficial,
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¢ understand hardware-software partitioning in SoC-based FPGA systems,

¢ recognize the challenges of RF-capable FPGA platforms,

¢ understand how hardened infrastructure changes design decisions,

¢ identify emerging skills required in next-generation FPGA development,

* make more informed long-term technology and career decisions.

Independent Work

¢ Technology analysis — Select a modern FPGA family and analyze its architectural inno-
vations, hardened subsystems, memory infrastructure, processing resources, and target

application domains.

¢ Practical assignment — Design and implement an assigned digital module using the selected

HDL language.

¢ Survey — Complete the technical reflection survey related to the lecture.

Deliverables

Participants are expected to submit:

¢ modern FPGA architecture analysis,

¢ HDL module implementation,

¢ completed technical survey.
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7.32 Week 32 - Ethics, Well-Being, and the Future of FPGA Engineering

Purpose

The thirty second lecture concludes the Bright FPGA Academy journey by focusing on the
long-term professional development of FPGA engineers. Its purpose is to help participants
understand that technical excellence alone is not enough for a successful engineering career.
Sustainable growth requires ethical decision-making, continuous learning, career ownership,
effective tool usage, adaptability to technological change, and maintaining physical and mental
well-being. Students learn how to evaluate career opportunities, position themselves in the job
market, build long-term technical value, and grow as engineers without sacrificing personal

sustainability.

Scope

This lecture introduces:

¢ career development in FPGA engineering,

* job market navigation,

* professional ethics,

* personal well-being and sustainable performance,

* modern engineering tools and automation,

¢ artificial intelligence and the future of engineering workflows.

Topics Covered

Engineering as a Long-Term Journey

* My engineering story

* Lessons learned through failures and successes

* Why engineering is a marathon, not a sprint

* Building a meaningful career

e Passion versus burnout

Do You Love What You Are Building?

¢ Passion as a long-term advantage

¢ Curiosity-driven learning

Technical ownership

Choosing difficult problems

Looking for meaningful challenges
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Building Experience Outside Work
¢ Personal FPGA projects
* Open-source contributions
* Technical publications
* Teaching and mentoring
* Building technical credibility
The FPGA Job Market
* Current market trends
* Global versus local opportunities
¢ Consulting versus full-time roles
e Remote work opportunities
* Industry specialization
Types of FPGA Roles
e Broad FPGA engineer

Verification specialist

DSP-focused engineer

Integration engineer

Board bring-up engineer

* Domain specialist

* Super-specialized expert
How to Read Job Offers

e What companies really need
Hidden red flags

Unrealistic role definitions

* Missing process maturity

Tooling and methodology clues
* Growth opportunities

How to Job Hunt
* Technical CV
* Portfolio and project evidence

¢ Interview preparation

GEN, LTE-001, Rev. 1.0, 2026/05/14 142 z 156



Document name: Bright FPGA Academy — CURRICULUM

Document date: 2026/05/14 Document version: 1.0
Project name: Long-term education Document identifier: LTE-001
Confidentiality: (Public) Document type: GEN

* Technical storytelling

* Demonstrating engineering maturity

* Asking better questions during interviews
Professional Ethics

* Engineering responsibility

Saying “I do not know”

Saying “this is risky”

Refusing unsafe shortcuts
* Protecting product quality
* Integrity under pressure
Engineering Well-Being
¢ Burnout prevention
* Managing pressure

* Deep work and recovery

Protecting focus

Sustainable productivity
* Work-life boundaries
Modern Engineering Tools

e RTL-aware editors

Static analysis tools

Productivity extensions
* Sigasi
VS Code

* Al-assisted tooling

Artificial Intelligence in FPGA Engineering
e Where Al helps

* Documentation generation

Testbench generation

Code review support

Debugging support
Where Al fails
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* Engineering responsibility remains human
CI/CD for Hardware Engineering

* Automated builds

¢ Automated simulations

* Regression testing

* Linting and static analysis

* Artifact generation

* Release automation
Continuous Learning

e Conferences

Publications

Technical communities

Mentorship

* Teaching others

* Staying relevant in a changing industry
What Happens After the Academy?

* Personal development plans

Choosing specialization

Building your engineering reputation

Long-term growth paths

* Becoming the engineer others trust

Expected Outcomes
After completing this lecture, participants should be able to:

* navigate the FPGA job market more confidently,

¢ evaluate engineering opportunities critically,

* recognize healthy and unhealthy engineering environments,
¢ understand ethical responsibilities in engineering,

¢ build sustainable work habits,

¢ leverage modern productivity tools,

GEN, LTE-001, Rev. 1.0, 2026/05/14 144 z 156



Document name: Bright FPGA Academy — CURRICULUM

Document date: 2026/05/14 Document version: 1.0
Project name: Long-term education Document identifier: LTE-001
Confidentiality: (Public) Document type: GEN

¢ understand where artificial intelligence can and cannot help,
¢ understand the value of CI/CD in hardware engineering,

¢ define their next professional development goals.

Independent Work

¢ Career analysis — Analyze three FPGA job offers and identify strengths, risks, missing
information, and growth opportunities.

¢ Personal development plan — Prepare a two-year engineering growth plan including
technical specialization, projects, learning goals, and professional milestones.

¢ Portfolio review — Identify gaps in your technical portfolio, project evidence, documenta-
tion, or public engineering presence.

* Survey — Complete the final Academy reflection survey.

Deliverables

Participants are expected to submit:
¢ job market analysis,
¢ personal development plan,
¢ technical portfolio review,

¢ completed final survey.
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8 Homework and Consultations

Bright FPGA Academy is built around the principle that engineering competence is developed
through active practice, reflection, technical feedback, and repeated exposure to real engineering
decisions. For this reason, the learning process extends far beyond live lectures.

Each lecture is followed by structured independent work designed to reinforce technical con-
cepts, develop engineering discipline, and gradually build the ability to work with increasing
independence and confidence.

Homework Philosophy

Homework assignments are not designed as academic exercises. They are designed to reflect
real engineering activities performed in professional FPGA development environments.
Depending on the training stage, assignments may include:

* analysis of technical requirements and specifications,

¢ implementation of assigned HDL modules,

development of testbenches and verification strategies,

timing, architecture, or resource analysis,

¢ preparation of technical reports and design documentation,

investigation of engineering failures and debugging strategies,

evaluation of vendor documentation, IP blocks, and tool reports,

¢ preparation of design plans, risk assessments, and integration strategies.

Assignments are intentionally designed to require engineering judgment, not only technical
execution. Participants are expected to justify assumptions, document technical decisions, and
communicate engineering tradeoffs clearly.

Expected Independent Effort

Over the duration of the program, participants complete approximately:
400 hours of guided independent engineering work

This work is distributed across weekly assignments, technical studies, design exercises, technical
reports, verification activities, and the final project.

The exact workload may vary depending on prior experience, selected HDL language, technical
background, and the complexity of individual assignments.
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Group Consultations

In addition to lectures, participants receive access to structured group consultations totaling:
35 hours of live technical consultations

Group consultations provide an opportunity to:

¢ discuss technical challenges encountered during assignments,

* review engineering decisions and design approaches,

¢ analyze real debugging scenarios,

¢ clarify methodology, architecture, timing, and verification questions,
¢ learn from the technical experiences of other participants,

¢ discuss alternative engineering solutions and tradeoffs.

These sessions are intentionally interactive and discussion-driven, reflecting the collaborative
nature of real engineering environments.

Individual Consultations

Each participant also receives:
10 hours of dedicated one-to-one technical consultations

Individual consultations are used for:

personalized technical guidance,
¢ review of individual assignments,

* project-specific technical discussions,

targeted support in areas requiring additional development,

final project reviews,

e career and specialization discussions where appropriate.

This individualized support allows the program to adapt to participants with different technical
backgrounds, platforms, application domains, and learning goals.
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Technical Feedback

Every submitted assignment is reviewed with engineering feedback focused on:

¢ technical correctness,

* engineering clarity,

¢ documentation quality,

e verification completeness,

* maintainability,

¢ identification of assumptions and risks,

e communication of technical tradeoffs.

The goal is not only to complete assignments, but to continuously improve engineering judgment,
technical communication, and independent decision-making.

Accountability and Progress

Progress is monitored throughout the program using;:

¢ weekly assignments,

¢ technical surveys,

consultation discussions,

milestone reviews,

examinations,

final project deliverables.

This structured feedback loop ensures that learning remains measurable, practical, and directly
connected to real engineering outcomes.

9 Assessment Model

Bright FPGA Academy is designed as a performance-oriented engineering program. Participant
progress is evaluated continuously throughout the course using practical assignments, technical
discussions, milestone reviews, examinations, and the final project.

The purpose of assessment is not to measure memorization of isolated technical facts, but to
evaluate the development of engineering judgment, technical communication, implementation
quality, verification discipline, and the ability to make and defend engineering decisions in
realistic development scenarios.

Assessment Philosophy

The assessment model is built around several core principles:
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Engineering Over Memorization
Participants are evaluated on understanding, application, and technical reasoning rather
than theoretical recall alone.

Continuous Feedback
Progress is monitored throughout the entire program rather than through a single final
examination.

Real Engineering Deliverables
Assessment is based on the same types of deliverables expected in professional FPGA
development environments.

Growth Through Iteration
Technical mistakes are treated as learning opportunities, provided participants demonstrate
analysis, correction, and improvement.

Individual Progress Tracking
Evaluation takes into account the participant’s starting point, technical background, chosen
HDL language, and selected project complexity.

Assessment Components

Participant performance is evaluated using the following components:

Weekly Homework Assignments
* Technical analysis
e HDL implementation
* Verification exercises
* Documentation tasks
* Engineering reports
Technical Surveys
* Reflection on learning progress
* Identification of knowledge gaps
* Technical self-assessment
* Feedback for individualized development
Consultation Participation
* Technical discussions
* Problem-solving approach

* Question quality
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* Engagement in engineering reviews
Mid and End Program Examination

» Applied engineering scenarios

* Design analysis

* Technical decision-making

* Problem diagnosis
Final Project

* Engineering concept

* Technical specification

Architecture

Verification planning

* Documentation quality

Optional implementation

Evaluation Criteria
Assignments and project deliverables are reviewed against the following engineering criteria:

e technical correctness,

* engineering clarity,

¢ completeness of analysis,

¢ quality of assumptions and risk identification,
¢ verification readiness,

* maintainability and scalability,

¢ documentation quality,

¢ reproducibility,

e communication of technical tradeoffs.

Performance Reviews
Throughout the program, participants receive structured engineering feedback that highlights:

e strengths,
¢ recurring technical mistakes,
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e areas requiring further development,

* progress in engineering independence,

¢ readiness for increasingly complex responsibilities.

This feedback is intended to support measurable and predictable technical growth over the

duration of the program.

Completion Requirements

Successful completion of the program requires:

* active participation in lectures and consultations,

satisfactory performance in examinations,

¢ submission of the final project deliverables.

Outcome Reporting

completion of assigned homework and technical reports,

participation in technical surveys and milestone reviews,

At the conclusion of the program, participants and sponsoring organizations receive a structured

summary of progress, including:

identified strengths,

final project evaluation,

completed technical assignments,

demonstrated engineering competencies,

areas for continued development,

readiness for increased technical responsibility.

The goal of the assessment model is simple:

to provide measurable evidence of engineering growth, not just course attendance.
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10 Final Project

Purpose

The final project serves as the capstone of the Bright FPGA Academy and provides partici-
pants with an opportunity to apply the engineering principles, methodologies, and technical
skills developed throughout the program. Rather than focusing solely on implementation,
the project emphasizes structured engineering thinking, technical communication, architecture
development, risk identification, and design ownership.

Participants are expected to approach the project as professional FPGA engineers—starting from
an engineering concept, transforming it into a structured specification, defining interfaces and
verification objectives, and preparing a development plan suitable for implementation in a real
engineering environment.

Project Scope

Each participant is assigned, or independently proposes, an engineering challenge appropriate
to their technical background, target application domain, and selected HDL environment.
The project is developed through the following engineering phases:
1. Concept Development
¢ Define the engineering problem
¢ Identify the application context
¢ Define functional goals
¢ Identify technical constraints
¢ Identify major engineering risks
2. Technical Specification

¢ Define functional requirements

Define performance requirements

Define timing assumptions

Define clock and reset assumptions

* Define resource and integration assumptions

¢ Identify missing information and open technical questions
3. Interface and Frame Definition

* Define communication interfaces

* Define protocol assumptions

* Define frame or packet structure where applicable
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4.

5.

6.

* Define control and status interfaces

* Define error handling mechanisms
Architecture and Design Planning

* Partition the system into functional blocks

* Define hierarchy and ownership boundaries

* Define clock-domain and reset-domain strategy
* Identity reusable IP and custom logic

* Estimate technical feasibility and implementation risks
Verification Planning

* Define verification objectives

* Define test scenarios

* Identify corner cases

* Define pass/fail criteria

* Define observability and debugging strategy
Optional Implementation

e HDL implementation for selected participants

¢ Simulation and debugging

e Synthesis and implementation

e Timing analysis

e Hardware validation where applicable

Expected Deliverables

Participants are expected to submit:

project concept document,
technical specification,

interface or frame definition,
architectural block diagram,
design and implementation plan,
verification plan,

risk assessment and engineering assumptions,
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optional HDL implementation and supporting verification evidence.

Project Review

Each final project is reviewed individually with detailed engineering feedback. The review
focuses on:

engineering clarity,

technical completeness,

architectural quality,

identification of risks and assumptions,
verification readiness,

maintainability and scalability,

technical communication and documentation quality.

Expected Outcome

Upon successful completion of the final project, participants demonstrate the ability to inde-
pendently transform an engineering concept into a structured FPGA development plan, justify
technical decisions, communicate engineering tradeoffs, and prepare a design suitable for imple-
mentation in a professional development environment.

11

Learning Outcomes

Upon successful completion of the Bright FPGA Academy, participants will be able to:

analyze technical requirements, identify missing information, and translate specifications
into actionable engineering tasks,

plan FPGA developments using structured engineering workflows, risk identification, and
architecture-first thinking,

design, implement, and verify assigned hardware modules using modern HDL design
practices,

apply professional coding standards, modular design principles, parameterization, and
reusable IP design techniques,

understand FPGA architecture, device resources, clocking infrastructure, memory systems,
and implementation tradeoffs,

perform synthesis, implementation, timing analysis, and timing closure using script-driven
engineering workflows,
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e create, review, and validate timing constraints for synchronous, asynchronous, and multi-
clock systems,

¢ identify metastability risks, design safe clock-domain crossings, and implement robust
reset architectures,

¢ develop verification plans, build structured testbenches, apply assertions, and cooperate
effectively with verification teams,

¢ design, integrate, and debug standard interfaces, communication protocols, and custom
FPGA-to-FPGA communication links,

¢ understand board-level integration, I/O constraints, LVDS interfaces, transceiver bring-up,
and signal integrity fundamentals,

¢ integrate vendor, third-party, and internally developed IP while understanding versioning,
assumptions, licensing, and integration risks,

¢ design hardware that detects faults, reports abnormal conditions, and behaves predictably
in imperfect real-world environments,

¢ approach FPGA debugging systematically using simulation, integrated logic analyzers,
instrumentation, laboratory equipment, and structured root-cause analysis,

¢ collaborate effectively with PCB engineers, embedded developers, verification engineers,
system architects, and project stakeholders,

¢ design software-visible hardware blocks, memory-mapped interfaces, register maps, and
embedded-friendly hardware abstractions,

¢ optimize FPGA designs intentionally for performance, area, latency, bandwidth, and power
consumption,

* use version control, code reviews, reproducible builds, technical documentation, and
change tracking in professional engineering workflows,

* recognize technical debt, organizational risks, and common failure patterns in FPGA
projects, and proactively reduce their impact,

¢ communicate technical assumptions, limitations, risks, verification status, and engineering
tradeoffs clearly and professionally,

¢ independently plan, implement, verify, document, and defend engineering decisions
during a practical FPGA project.
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12 Contact details

In case of any further questions, feel free to contact us directly.

Name Kamil Rudnicki

Email academy@brightelligence.com

LinkedIn https://www.linkedin.com/in/rudnickikamil/
Phone +48 888 888 351
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