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During The the process of digital design, especially in the context of finite state machines (FSM), ASM
(Algorithmic State Machine) charts serve as a crucial graphical tool to model and visualize the behavior of
sequential circuits. An ASM chart provides a clear, structured way of representing states, transitions, inputs,
outputs, and decision-making processes. In particular, designing an ASM chart that detects a specific
sequence such as 1011 is fundamental for applications like pattern recognition, serial data processing, and
communication systems. This article explores the steps involved in drawing such an ASM chart, explaining
the concepts, the design process, and providing practical insights into implementing a sequence detector
that asserts a logical high (1) at the output whenever the sequence 1011 is detected.

---

Understanding Sequence Detection and ASM Charts

What Is Sequence Detection?
Sequence detection involves designing a circuit that monitors a serial data input and recognizes a specific
pattern or sequence of bits. When the pattern appears, the circuit activates an output signal, often to
indicate successful detection or to trigger subsequent actions.

For example, detecting the sequence 1011 involves continuously monitoring a serial input stream. When
the bits pass through the detector and form the pattern 1-0-1-1, the circuit asserts its output (sets it to logical
1) for a certain duration, indicating the pattern has been found.

The Role of ASM Charts in Digital Design
An ASM chart is a visual representation that combines state diagrams, flowcharts, and data-path
components. It simplifies understanding and designing sequential logic by illustrating:
- States: Represent different stages of pattern detection.
- Transitions: Conditions (based on input bits) that move the system from one state to another.
- Actions: Output signals or operations performed during each state.

Using ASM charts helps in translating behavioral specifications into hardware implementations efficiently.



---

Designing a Sequence Detector for 1011 Using ASM Chart

Step 1: Identify the Pattern and States
The target pattern is "1011". To detect this, the FSM must remember partial matches of the pattern as new
bits arrive.

States can be defined based on the number of bits matched so far:
- S0: No bits matched yet.
- S1: Last input matched '1' (first bit of the pattern).
- S2: Last two inputs matched '10'.
- S3: Last three inputs matched '101'.
- S4: Full pattern matched '1011' (output asserted).

Step 2: Define State Transitions
Transitions depend on the current state and the incoming bit:
- From S0:
- Input '1' → S1
- Input '0' → S0 (remain in S0)
- From S1:
- Input '0' → S2
- Input '1' → S1 (stay in S1, since '1' can start a new pattern)
- From S2:
- Input '1' → S3
- Input '0' → S0
- From S3:
- Input '1' → S4 (pattern detected)
- Input '0' → S2 (partial pattern '10' again)
- From S4:
- Once detected, the machine can reset to S0 or continue based on overlapping patterns.

Step 3: Assign Output Actions
The output, say Y, is asserted (set to 1) only when the pattern 1011 is detected, i.e., in S4:
- Y = 1 in S4
- Y = 0 in all other states
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Constructing the ASM Chart

Components of the ASM Chart
An ASM chart typically contains:
- States: Represented as boxes with state names.
- Conditional Transitions: Arrows labeled with input conditions.
- Actions: Inside the state boxes or associated with transitions, indicating outputs or operations.

Step-by-Step Drawing Process
1. Draw State Boxes: Create five boxes labeled S0, S1, S2, S3, S4.
2. Define State Actions: Inside each box, specify the output:
- S4: Y=1
- Others: Y=0
3. Add Transitions: Connect states with arrows based on input bits:
- S0:
- '1' → S1
- '0' → S0
- S1:
- '0' → S2
- '1' → S1
- S2:
- '1' → S3
- '0' → S0
- S3:
- '1' → S4
- '0' → S2
- S4:
- '0' or '1' → transition back to S0, S2, or stay in S4 depending on overlapping pattern considerations.

4. Label Transitions: Clearly mark each arrow with the input condition that causes the transition.

---



Implementing the ASM Chart in Hardware

State Registers and Flip-Flops
The states can be encoded into binary and stored in flip-flops. For five states, at least 3 bits are needed:
- S0: 000
- S1: 001
- S2: 010
- S3: 011
- S4: 100

Next State Logic
Using combinational logic, determine the next state based on current state and input:
- Implement logic equations using Karnaugh maps or Boolean algebra.
- Use multiplexers or logic gates to select the next state.

Output Logic
- Implement a combinational logic circuit that asserts Y=1 only when in S4.
- This can be simply checking the state bits corresponding to S4.

---

Practical Example and Simulation

Verifying the Sequence Detector
Simulation tools like ModelSim or Quartus can verify the ASM chart's correctness:
- Provide serial input data streams.
- Observe the output signal.
- Confirm that Y goes high only when 1011 is detected.

Example Data Stream
Input: 1-0-1-1
- After each bit, observe the state transition.



- When the full pattern appears, Y should assert high.

---

Summary and Best Practices
Designing an ASM chart for sequence detection involves:
- Clearly identifying states based on partial pattern matches.
- Drawing state boxes with associated actions.
- Connecting states with labeled transitions based on input conditions.
- Converting the ASM chart into hardware logic with flip-flops and combinational circuits.

Best practices include:
- Minimizing the number of states using overlapping pattern recognition.
- Using efficient encoding schemes.
- Validating the design through simulation before hardware implementation.

---

Conclusion
Drawing an ASM chart that detects the sequence 1011 and asserts a logical 1 at the output during detection
is an essential skill in digital design. It combines understanding pattern recognition, finite state machine
design, and hardware implementation principles. By systematically defining states, transitions, and actions,
engineers can create robust sequence detectors suitable for various applications in communication systems,
data processing, and control systems. Mastery of ASM charts facilitates the development of efficient, reliable
sequential circuits that meet complex pattern detection requirements.

---
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Frequently Asked Questions

What is the purpose of drawing an ASM chart for detecting the sequence
1011?
The ASM (Algorithmic State Machine) chart visually represents the states and transitions of a sequential



circuit designed to detect the sequence 1011, ensuring correct recognition and output assertion when the
sequence appears.

How do you start designing an ASM chart for detecting the sequence
1011?
Begin by identifying all the states needed to track the input sequence progression, define the initial state,
and determine transition conditions based on input bits, then represent these states and transitions
graphically in the ASM chart.

What are the key components of an ASM chart for sequence detection?
The key components include states (circles), decision points (diamonds), output actions (rectangles), and
transition arrows indicating the flow based on input conditions.

How does the ASM chart ensure the output is asserted only during the
detection of 1011?
The chart includes a specific state or transition that triggers the output signal (asserting logical 1) precisely
when the sequence 1011 is detected, typically upon reaching a designated final state.

What are common challenges when drawing an ASM chart for sequence
detection?
Common challenges include correctly designing the state transitions to handle overlapping sequences,
avoiding ambiguous states, and ensuring the output is asserted only at the correct detection point.

Can the ASM chart be used to detect multiple sequences simultaneously?
Yes, with modifications, ASM charts can be designed to detect multiple sequences by adding states and
transitions that accommodate each sequence, while managing overlaps and prioritization.

What is the significance of the output being asserted during the detection
process?
Asserting the output during detection signals to other parts of the system that the desired sequence has
been recognized, enabling subsequent actions or processing based on this event.

How do you verify the correctness of the ASM chart for sequence



detection?
Verification can be done through simulation by applying various input sequences to ensure the ASM
transitions correctly and the output asserts only when 1011 is detected, and not for other sequences.

What tools can be used to draw and simulate an ASM chart for this
sequence detector?
Tools such as LogicWorks, ModelSim, or digital design software like Synopsys Design Compiler, Quartus
Prime, or custom diagramming tools can be used to draw and simulate ASM charts effectively.

Additional Resources
ASM Chart for Sequence Detection: An In-Depth Analysis of Detecting '1011' with Output Assertion

In the realm of digital design, finite state machines (FSMs) are fundamental tools for implementing
sequential logic. Among the various types of FSM representations, Algorithmic State Machine (ASM) charts
stand out due to their intuitive and high-level approach, integrating state transitions, data operations, and
conditions into a single, comprehensible diagram. This article explores the detailed process of designing an
ASM chart that detects the specific sequence '1011' and asserts a logical '1' at the output during the detection
process. Whether you're a seasoned digital designer or a student delving into sequential circuits,
understanding this ASM chart provides valuable insights into sequence detection mechanisms and their
implementation.

---

Understanding ASM Charts and Their Significance

What Are ASM Charts?

An Algorithmic State Machine (ASM) chart is a graphical representation that combines state transition
diagrams, data operations, and output logic in a single diagram. Developed by David Money Harris and
Sarah Harris, ASM charts serve as a bridge between high-level algorithm descriptions and low-level
hardware implementations, making them particularly useful for designing control units and sequence
detectors.

Key components of ASM charts include:



- States (Circles): Represent various conditions or configurations of the system.
- Transitions (Arrows): Indicate how the system moves from one state to another based on input conditions.
- Decision Boxes (Diamonds): Contain input conditions that determine the path of transition.
- Actions (Rectangles): Specify output signals or data operations performed during a state.
- Conditional Actions: Actions that occur when certain conditions are met, often associated with transitions.

The advantage of ASM charts lies in their clarity and modularity, allowing designers to visualize complex
sequential processes, such as sequence detection, in a straightforward manner.

---

Design Objective: Detecting '1011'

The fundamental goal of our ASM chart is to detect the sequence '1011' within a serial input stream. When
this sequence is detected, the system should assert a logical '1' at the output, signaling that the pattern has
been successfully recognized.

Key points include:

- The detection is synchronous with a clock signal.
- The system must recognize overlapping sequences. For example, in the sequence '10111011', detection
should occur at each occurrence of '1011'.
- The output remains '0' until the complete sequence is detected, after which it becomes '1' during the
detection.

---

Step-by-Step Development of the ASM Chart

Creating an ASM chart for sequence detection involves several stages:

1. Identifying the States
2. Defining State Transitions
3. Specifying Actions and Outputs
4. Constructing the ASM Chart

Let's explore each in detail.

---



1. Identifying the States

The first step involves defining the states based on how much of the sequence '1011' has been detected so
far.

State Definitions:

- S0: No relevant input detected; waiting for the start of the sequence.
- S1: '1' detected; potential start of '1011'.
- S2: '10' detected; partial match.
- S3: '101' detected; close to full match.
- S4: '1011' detected; sequence complete; output asserted.

Note: Because overlapping sequences are possible, states must be designed to handle partial matches that
may lead to overlapping detections.

State Table Summary:

| State | Description | Next State on Input '0' | Next State on Input '1' | Output |
|---------|--------------------------------------------|-------------------------|-------------------------|---------|
| S0 | Initial state, no match | S0 | S1 | 0 |
| S1 | '1' detected | S2 | S1 | 0 |
| S2 | '10' detected | S0 | S3 | 0 |
| S3 | '101' detected | S4 | S1 | 0 |
| S4 | '1011' detected (sequence complete) | S4 (or reset) | S4 (or reset) | 1 |

---

2. Defining State Transitions

Transitions depend on the current state and input bit:

- From S0:
- Input '1' → Transition to S1
- Input '0' → Remain in S0

- From S1:
- Input '0' → Transition to S2
- Input '1' → Stay in S1 (since sequence can start again)

- From S2:



- Input '1' → Transition to S3
- Input '0' → Return to S0

- From S3:
- Input '1' → Transition to S4 (sequence detected)
- Input '0' → Transition back to S2 (since '10' could be starting point)

- From S4:
- Since sequence detected, output is asserted.
- On next input, the FSM should determine whether to stay in S4 (if overlapping detection is desired) or
reset to S0.

Note: To detect overlapping sequences, after detecting '1011', the FSM can transition to an appropriate state
based on the input.

---

3. Specifying Actions and Outputs

In ASM charts, actions are taken during states and transitions:

- During S4, the output is set to '1'.
- During all other states, the output remains '0'.

Additional Considerations:

- When a sequence is detected, the output can be asserted during the entire clock cycle or just
momentarily, depending on design requirements.
- For simplicity, in this design, the output is high only in S4.

---

4. Constructing the ASM Chart

Based on the above, the ASM chart can be visualized as follows:

- States:

- S0: No match yet
- S1: '1' detected



- S2: '10' detected
- S3: '101' detected
- S4: '1011' detected (sequence complete)

- Transitions:

- From S0:
- Input '1' → S1
- Input '0' → S0
- From S1:
- Input '0' → S2
- Input '1' → S1
- From S2:
- Input '1' → S3
- Input '0' → S0
- From S3:
- Input '1' → S4
- Input '0' → S2
- From S4:
- Input '1' or '0' → depending on overlapping detection, transition accordingly, or stay in S4 with output
assertion.

- Actions:

- Set output '1' when in S4.
- Maintain '0' otherwise.

---

Implementing the ASM Chart in Hardware

After designing the ASM chart, the next step involves translating it into hardware components, such as
flip-flops for state memory, combinational logic for transition conditions, and output logic.

Key implementation steps include:

- State Encoding: Assign binary codes to each state, e.g., S0 = 000, S1 = 001, S2 = 010, S3 = 011, S4 = 100.
- Transition Logic: Use combinational logic (AND, OR, NOT gates) to determine next states based on
current state and input.
- State Registers: Use flip-flops to store the current state.
- Output Logic: Generate the output signal based on the current state.



This approach ensures the sequence detector operates synchronously with the system clock, providing
reliable detection of '1011' and assertion of the output.

---

Advantages of Using ASM Charts for Sequence Detection

Employing ASM charts for designing sequence detectors offers several benefits:

- High-Level Clarity: Visual representation simplifies understanding complex state transitions.
- Modularity: Easy to modify or extend the sequence pattern detection.
- Efficient Implementation: Direct mapping to hardware components facilitates seamless realization.
- Ease of Debugging: Graphical nature makes identifying potential design issues straightforward.

---

Potential Enhancements and Variations

While this ASM chart detects the sequence '1011' with a single output assertion, various enhancements can
be considered:

- Multiple Pattern Detection: Extend the ASM for detecting multiple sequences simultaneously.
- Pulsed Output: Generate a short pulse instead of a steady high signal upon detection.
- Overlap Handling: Fine-tune transition logic for overlapping sequences to prevent missed detections.
- Asynchronous Reset: Incorporate reset signals for quick initialization.

---

Conclusion: The Power of ASM Charts in Sequence Detection
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