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The evolution of digital hardware design has been marked by a constant struggle to balance increasing system 

complexity with the need for maintainable, readable, and verifiable code. Since its inception in the mid-1980s, 

VHDL (VHSIC Hardware Description Language) has served as a cornerstone for digital logic modeling. However, 

the traditional "ad-hoc" or dataflow style of writing VHDL—characterized by dozens of concurrent signal 

assignments and fragmented processes—often leads to a "spaghetti code" phenomenon that hampers debugging 

and scalability. To address these challenges, Jiri Gaisler, a prominent figure in space-grade microprocessor design 

and the founder of Gaisler Research, proposed a methodology now widely known as the Structured VHDL Design 

Method or the Gaisler Method.

This technical analysis explores the architectural foundations of the Gaisler method, its reliance on the two-process

scheme, the strategic use of VHDL records, and why it remains a preferred standard for mission-critical

applications, such as those overseen by the European Space Agency (ESA).

The Theoretical Framework of Structured VHDL

To understand the Gaisler method, one must first recognize the fundamental nature of synchronous digital 

hardware. At its core, any synchronous digital circuit consists of two primary components: combinatorial logic and 

registers (flip-flops). Traditional VHDL coding often blurs the lines between these two, scattering logic across

multiple process blocks and architecture-level concurrent statements. The Structured VHDL approach seeks to

mirror the physical reality of the hardware within the code structure itself.

The Limitations of Traditional 'Ad-Hoc' Design

In a typical ad-hoc VHDL design, a developer might use numerous individual signals to represent different states or

intermediate calculations. This leads to several issues:

•  Signal Proliferation: A simple module might end up with 50+ signals, making the entity declaration and internal 

signal definitions difficult to navigate.

•  Sensitivity List Errors: In traditional combinatorial processes, missing a signal in the sensitivity list can lead to 

simulation/synthesis mismatches.

•  Concurrency Complexity: Having multiple concurrent processes interacting through signals makes it difficult to 

trace the sequence of logic during a single clock cycle.

•  Maintenance Overhead: Adding a single field to a data bus requires updating port maps and signal 

declarations in multiple files.

The Gaisler Philosophy: Abstraction and Organization

The structured method treats a VHDL entity not as a collection of wires, but as a cohesive state machine. It 

abstracts the hardware by grouping related signals into VHDL Records and centralizing logic into a Two-Process 

Scheme. This methodology draws heavily from the principles of software engineering, particularly the Ada

language (from which VHDL was derived), emphasizing strong typing and data encapsulation.

The Core Mechanics: The Two-Process Scheme



The hallmark of the Gaisler method is the division of every entity's logic into exactly two processes: one purely

combinatorial and one purely synchronous.

1. The Combinatorial Process

The combinatorial process is where all the "thinking" happens. In this block, variablesare used instead of signals

for intermediate calculations. Because variable assignments in VHDL are immediate (rather than scheduled for the

next delta cycle), they allow for a sequential coding style that is much easier to reason about.

This process takes the current state (from the registers) and the entity inputs, and it calculates the next state and 

the entity outputs. The formula can be expressed as: Next_State = f(Current_State, Inputs).

2. The Synchronous (Sequential) Process

The synchronous process is intentionally kept trivial. Its only job is to update the registers on the rising edge of the

clock. It contains no logic other than resetting the state or assigning the calculated "next state" to the "current state"

register. This maps directly to D-type flip-flops (DFFs).

Comparison of VHDL Coding Styles



Feature Traditional Ad-Hoc Style Structured Gaisler Method

Process Count Multiple, often many small processes. Exactly two processes per entity.

Data Handling Individual signals for every bit/vector. Grouped records (Input, Output, 
State).

Logic Type Distributed across concurrent 
statements.

Centralized in a single combinatorial 
process.

Intermediate Values Signals (leads to delta-cycle issues). Variables (immediate update).

Maintainability Low; changes ripple through many 
lines.

High; centralized logic and record 
types.

The Role of VHDL Records in Structural Abstraction

Records are the secret weapon of the Gaisler method. Instead of declaring dozens of signals, the designer defines 

a record type in a package that encompasses all the registers within a module. This creates a clean, encapsulated 

State Record.

Implementing the State Record

Consider a simple UART controller. Instead of having separate signals for tx_reg, baud_count, and state_machine,

you define:

type uart_regs is record

  tx_data  : std_logic_vector(7 downto 0);

  baud_cnt : integer range 0 to 1023;

  active   : std_logic;

end record;

Within the architecture, you only need two signals of this type:

•  r: Representing the current register state (output of the DFFs).

•  rin: Representing the next register state (input to the DFFs).

By using records, the port mapof a complex component can be reduced to just four lines: clk, rst, inputs (record),

and outputs (record). This dramatically reduces the "wiring" effort in top-level designs.

Technical Workflow: Step-by-Step Implementation

Implementing the Gaisler method follows a strict procedural sequence to ensure technical accuracy and synthesis

compatibility.

Step 1: Define the Interface and State Records

Start by defining the records in a package file. This includes the inputs to the module, the outputs from the module, 

and the internal registers. Using records for Interfaces(the "inout record" pattern) allows for much cleaner top-level



connectivity.

Step 2: Initialize the Combinatorial Process

The combinatorial process starts by reading the current register signal r and assigning it to a local variable (e.g.,

v := r;). This variable v acts as a scratchpad for the next-state logic. Any changes made to v during the process will

eventually be clocked into r in the next cycle.

Step 3: Perform Logic Assignments

Within the combinatorial process, you perform all logic operations. Because you are using a variable v, the order of

assignments matters—just like in C or Ada. This allows you to set default values at the beginning of the process

and override them with specific conditions (if/else, case statements) later, eliminating the risk of unintentional

latches.

Step 4: Update Outputs and Next-State Signal

At the very end of the combinatorial process, you assign the fields of the variable v to the entity outputs and to the

rin signal (the input to the synchronous process).

Step 5: The Synchronous Process Template

The synchronous process follows a standard, boilerplate template that never changes:

regs : process(clk, rst)

begin

  if rst = '1' then

    r 

Mathematical and Logical Advantages of Variables

One of the most technical aspects of the Gaisler method is the shift from signal-based logic to variable-based logic

within the combinatorial process. In VHDL, a signal assignment s does not take effect until the process suspends.

A variable assignment v := '1'; is instantaneous. 

From a computational complexity standpoint, variables allow the synthesis tool to build a more optimized logic 

cone. Since the variable v can be updated multiple times within a single process, the tool can optimize the 

intermediate boolean expressions more effectively than it can across multiple concurrent signal assignments. 

Furthermore, simulation speedis significantly improved; because there are fewer signals to track and fewer delta

cycles to resolve, large-scale simulations (like those for the LEON processor) can run up to 30-50% faster

compared to ad-hoc designs.

Case Study: 2-Bit Comparator using the Gaisler Method

To illustrate the efficiency, let us examine a 2-bit comparator that outputs '1' if A > B.

The Structured Approach

In the structured method, even this simple logic is housed within the record/two-process framework. While it may

seem like overkill for a 2-bit gate, it establishes a pattern that scales to a 64-bit multi-core processor without

changing the methodology.



-- State and Output definition

type comp_out_type is record

  greater : std_logic;

end record;

-- Combinatorial Logic

comb : process(inputs, r)

  variable v : reg_type;

begin

  v := r; -- Initialize variable with current state

  

  if inputs.a > inputs.b then

    outputs.greater 

In a more complex design, the variable v would be used to store intermediate results of the comparison, which 

would then be used in subsequent logic stages within the sameprocess, ensuring that the entire logic path is

visible in one continuous block of code.

Engineering Comparison: Area and Timing

A common concern among engineers is whether the high-level abstraction of records and variables results in "lazy" 

hardware synthesis (i.e., excessive area or poor timing). Extensive testing on architectures like the LEON3 and 

NOEL-V (RISC-V) has shown the opposite.



Metric Ad-Hoc VHDL Structured VHDL (Gaisler) Impact Analysis

Logic Utilization (LUTs) Baseline +/- 2% Synthesis tools are highly 
optimized for record 
flattening.

Max Frequency (Fmax) Baseline Equal The resulting netlist is 
identical if the logic is 
equivalent.

Lines of Code (LOC) 100% 60% - 70% Significant reduction due to 
record-based port maps.

Simulation Time Long Short Fewer signals reduce 
event-driven simulation 
overhead.

Common Pitfalls and Troubleshooting

While the Gaisler method is powerful, it requires a disciplined approach to avoid specific synthesis errors.

1. The "Hidden Variable" Latch

If a variable is read before it is assigned a value in the combinatorial process, and that value depends on a

previous execution of the process, the synthesis tool will infer a latch. To prevent this, always initialize the local

variable v := r; at the very beginning of the comb process.

2. Sensitivity List Omissions

The combinatorial process must be sensitive to allinputs and the current state record r. In VHDL-2008 and later,

designers can use process(all) to mitigate this risk, which aligns perfectly with the Gaisler methodology.

3. Record Support in Older Tools

While modern tools (Vivado, Quartus, Libero, Precision) have excellent support for records, some legacy or

specialized radiation-hardened synthesis tools may have limitations regarding records in port maps. In these rare

cases, the records must be flattened at the top level, though the internal logic can still remain structured.

VHDL 2019 and the Future of Structured Design

The VHDL 2019 standard (IEEE 1076-2019) introduced several features that further enhance the Gaisler method, 

most notably Interfaces. In previous versions, using records for bi-directional signals (inout) was cumbersome.

VHDL 2019 allows for "mode views" on records, meaning you can define which elements of a record are inputs and

which are outputs at the port level.

This evolution validates the Gaisler method’s long-standing insistence on record-based design. By moving toward a

more "interface-centric" approach, the VHDL standard is effectively codifying the practices that Gaisler Research

has advocated for over two decades.

Strategic Implementation in Large-Scale Projects

For organizations looking to adopt this method, the transition should be treated as a shift in design philosophy. It is

not merely about changing the syntax; it is about changing how hardware is conceptualized. 



•  Standardization: Create a company-wide library of common record types (e.g., AXI-Lite records, Interrupt 

records).

•  Code Reviews: Focus on the comb process logic. Since the logic is centralized, reviewers can trace the data 

flow from input to output without jumping between multiple files.

•  Automation: Use scripts to generate the boilerplate synchronous process and record declarations, allowing 

engineers to focus on the core combinatorial logic.

The Structured VHDL Design Method represents a peak in RTL engineering discipline. By enforcing a strict

separation between state and logic, and by utilizing the abstraction power of records and variables, designers can

produce hardware descriptions that are not only efficient in silicon but also resilient to the inevitable changes of

long-term project lifecycles. Whether designing a simple peripheral or a complex multi-core SPARC or RISC-V

processor for space exploration, the Gaisler method provides the structural integrity required for modern digital

synthesis.

The reduction in signal clutter, the elimination of delta-cycle ambiguities, and the streamlined simulation process

make this methodology an essential tool for any senior FPGA or ASIC architect. As designs continue to scale

toward billions of transistors, the clarity provided by "Gaisler-style" VHDL will remain a vital defense against the

rising tide of system complexity.
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