Synthesis of Finite State Machines: A Gateway
to Logic Optimization

In the realm of computer engineering and digital electronics, finite state
machines (FSMs) play a pivotal role in realizing complex circuit behavior.
They are mathematical models used to represent and analyze sequential
systems, where the output is dependent not only on the current inputs but
also on the past history of the system. FSMs are ubiquitous in modern
electronic devices, from microprocessors and microcontrollers to
embedded systems and telecommunication equipment.
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Delving into Synthesis

Synthesis of FSMs involves transforming a high-level design specification
into a low-level implementation that can be realized using logic gates. This
process comprises two main steps:

1. State assignment: Assigning binary codes to the states of the FSM to
optimize circuit realization.
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2. Logic minimization: Simplifying the logical equations that describe
the next state and output functions of the FSM.

State Assignment: Laying the Foundation

State assignment is a crucial step that influences the efficiency and
performance of the synthesized circuit. The goal is to find a binary
encoding of the FSM states that minimizes the number of logic gates
required to implement the next state and output functions. Various state
assignment algorithms are available, each with its advantages and
drawbacks.

Logic Minimization: Unlocking Simplicity

Logic minimization involves simplifying the Boolean expressions that
describe the next state and output functions of the FSM. This step aims to
reduce the number of logic gates required to implement the circuit. A variety
of logic minimization techniques can be employed, including Boolean
algebra, Karnaugh maps, and Quine-McCluskey minimization.

Optimization Techniques: The Art of Circuit Efficiency

Beyond state assignment and logic minimization, additional optimization
techniques can further enhance the efficiency of the synthesized circuit:

= Sequential optimization: Exploiting the temporal relationships
between states to simplify the circuit.

= Power optimization: Minimizing power consumption by optimizing the
switching activity of the circuit.

= Area optimization: Reducing the physical size of the circuit by
minimizing the number of logic gates and interconnections.



Advantages of FSM Synthesis: A Path to Superior Circuits

The advantages of FSM synthesis are numerous:

= Reduced circuit size: Optimization techniques minimize the number
of logic gates required, leading to smaller and more compact circuits.

= Lower power consumption: By reducing switching activity,
optimization techniques decrease power consumption, extending
battery life and improving energy efficiency.

= Enhanced performance: Optimized circuits operate faster and more
efficiently, enhancing system responsiveness and overall performance.

= Simplified design: Synthesis automates the process of circuit
implementation, simplifying the design process and reducing design
time.

= Improved reliability: Optimized circuits are less prone to errors and
failures, enhancing the reliability of electronic devices.

: Unleashing the Power of Logic Optimization

Synthesis of finite state machines is a powerful technique that enables the
design and implementation of efficient and optimized digital circuits. By
mastering the concepts of state assignment, logic minimization, and
optimization techniques, engineers can create circuits that are smaller,
faster, and more power-efficient. This comprehensive guide equips readers
with the knowledge and skills to unlock the full potential of FSM synthesis
and revolutionize their circuit design capabilities.
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