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Carrier Sense Multiple Access with Collision Detection (CSMA/CD) is a foundational protocol used in
Ethernet networks to manage data transmission and avoid collisions. Understanding how nodes
behave after multiple collisions, particularly in the context of the binary exponential backoff
algorithm, is essential for network engineers and computer scientists. This article explores the
probability that, after the sixth collision, a node will choose a backoff window size K=10, and
discusses the implications of this result.

Understanding CSMA/CD and Collision Handling

Basics of CSMA/CD

- CSMA/CD is a network protocol that helps prevent data collisions on a shared communication
medium.

- Nodes listen to the channel before transmitting; if the channel is idle, they transmit.

- If a collision occurs, nodes detect it and cease transmission, then attempt to retransmit after a

random backoff period.
- The backoff period is determined by a backoff window size K, which influences the delay before

retrying.

Collision Detection and Exponential Backoff

- When a collision is detected, nodes follow an exponential backoff algorithm.

- The backoff window size K is chosen uniformly at random from [0, 2°n - 1], where n is the number of
collisions experienced.

- After each collision, n increases by 1, up to a maximum value (often 10 in Ethernet).

The Binary Exponential Backoff Algorithm



How K is Selected

- After the nth collision, the node randomly selects an integer K from the range [0, 2"n - 1].
- This K determines the number of time slots a node waits before attempting retransmission.

Maximum Backoff Limit

- To prevent extremely long delays, the backoff window size is limited.
- Typically, after a certain number of collisions (commonly 10), the backoff window size remains fixed
at2710-1 =1023.

Relevance of the Sixth Collision

- The question focuses on the behavior after the sixth collision, which influences the range from which
K'is chosen.

Calculating the Probability that K=10 After the Sixth
Collision

Range of K after the Sixth Collision

- At the sixth collision, n = 6.
- The backoff window size K is uniformly chosen from [0, 276 - 1] = [0, 63].

Probability Computation

- Since K is uniformly selected within this range, the probability that K equals any specific value within
[0, 63] is:

P(K=10 | n=6) =1/ (276) =1 / 64 = 0.015625

Key Insight:
- The probability is independent of the previous collisions; at each collision, K is uniformly selected
from the current window.



Implications and Significance of K=10 after the Sixth
Collision

Probability in Context

- The probability that a node selects K=10 after the sixth collision is approximately 1.5625%.
- This small probability indicates that, at that collision stage, choosing K=10 is just one of many
possible backoff values.

Impact on Network Performance

- Low probability of selecting a specific K like 10 means that the network has a wide distribution of
backoff delays, reducing the chance of repeated collisions.

- As the number of collisions increases, the backoff window grows exponentially, spreading out
retransmission attempts.

Why K=10 Matters

- K=10 is a specific backoff value within the sixth collision's window.

- If a node repeatedly chooses small values like 10, it might lead to further collisions.

- Larger K values tend to spread retransmission attempts over a longer period, reducing collision
probability.

Understanding the Result K=10 in the Context of
Network Dynamics

Probability Distribution of K Values

- At each collision, the range of K increases exponentially.
- The distribution remains uniform within the current range, making the probability for any specific
value straightforward to compute.

For the Sixth Collision
- The probability that K=10 is:

P(K=10) =1 / (276) = 1/64 = 1.5625%



- This indicates that, after six collisions, the chance of choosing a particular backoff value like 10 is
small but non-zero.

Effect of Reaching Maximum Backoff

- After the maximum number of collisions (commonly 10), the window size caps at 1023.
- At that point, the probability of selecting any specific value, including 10, remains 1/1024 =
0.0977%.

Summary and Practical Takeaways

Key Points Recap

- In CSMA/CD, the backoff window doubles after each collision, starting from 0.

- After the sixth collision, the backoff window size is 276 = 64, with K uniformly chosen from 0 to 63.
- The probability of choosing K=10 at this stage is 1/64, approximately 1.56%.

- As collisions increase, the window size grows exponentially, reducing the likelihood of selecting any
specific backoff value.

Practical Significance for Network Design

- Understanding these probabilities helps in analyzing network collision behavior and performance.
- It emphasizes the importance of backoff algorithms in minimizing repeated collisions.
- Proper backoff limits and window sizes ensure efficient network utilization and fair access.

Conclusion

- The probability that a node chooses K=10 after the sixth collision in a CSMA/CD network is
straightforward to calculate due to the uniform distribution of backoff values at each collision.

- This probability remains low, contributing to the overall stability and efficiency of Ethernet networks
employing exponential backoff mechanisms.

- Recognizing these probabilities assists network engineers in designing and troubleshooting Ethernet
systems, ensuring optimal performance and collision management.

Final Note:

Understanding the probabilistic aspects of CSMA/CD, especially related to exponential backoff, is
crucial for grasping how Ethernet networks manage collisions and maintain efficient data
transmission. The calculation of specific backoff probabilities, such as K=10 after the sixth collision,
offers insight into the underlying randomness that helps spread retransmission attempts and reduce
network congestion.



Frequently Asked Questions

In CSMA/CD, after the sixth collision, what is the probability
that a node chooses a backoff window of K=10?

The probability is 1 divided by the contention window size, so P(K=10) = 1/11, which is approximately
0.0909.

How does the binary exponential backoff algorithm in
CSMA/CD influence the probability of selecting K=10 after
multiple collisions?

The algorithm doubles the contention window after each collision, making K=10 less likely as the
window size increases, but after six collisions, K=10 is chosen uniformly from0to 276 -1 = 63, so
the probability is 1/64.

What is the significance of K=10 in the backoff process after
multiple CSMA/CD collisions?

Choosing K=10 determines the random backoff period, which helps reduce collision probability; after
six collisions, K=10 is just one of the possible backoff values in the exponential window.

Given that K=10 is selected after the sixth collision in
CSMA/CD, what does this imply about the contention window
size at this stage?

The contention window size at this stage is 276 = 64, and K=10 is one of the possible backoff slots
within this window, selected uniformly at random.

Why is the probability of selecting K=10 after the sixth
collision in CSMA/CD equal to 1/64?

Because after six collisions, the backoff window is 276 = 64, and each backoff value from 0 to 63 is
equally likely, so the probability of choosing K=10 is 1/64.

In the context of CSMA/CD, how does the number of collisions
affect the backoff window and the probability of choosing a
specific K value like 10?

The number of collisions exponentially increases the contention window size, making the probability
of selecting any specific K value, including 10, equal to 1 divided by the current window size (e.qg.,
1/64 after six collisions).



Additional Resources

CSMA/CD Collision Probability and Backoff Strategies: An In-Depth Analysis of K=10 After the Sixth
Collision

Introduction

In the realm of Ethernet networks, Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
has long been a foundational protocol ensuring efficient data transmission over shared media. A key
aspect of CSMA/CD's effectiveness hinges on its collision management strategy, particularly the
exponential backoff algorithm, which determines how nodes wait before attempting to retransmit
after a collision. Understanding the probabilistic behavior of this backoff process is critical, especially
when analyzing scenarios involving multiple collisions.

This article explores a specific, nuanced question: "In CSMA/CD, after the sixth collision, what is the
probability that a node chooses K=107 And what does the result K=10 signify?" We will delve into the
underlying mechanisms of the backoff algorithm, examine the probabilistic models involved, and
interpret the implications of selecting K=10 after repeated collisions, providing a comprehensive view
for network engineers, students, and technology enthusiasts.

The CSMA/CD Backoff Algorithm: An Overview

Before addressing the specific probability question, it's essential to understand the binary exponential
backoff algorithm that CSMA/CD employs:

- Collision Detection and Handling: When two nodes transmit simultaneously, a collision occurs. The
colliding nodes cease transmission immediately, detect the collision, and then initiate a backoff period
before attempting to retransmit.

- Backoff Interval Calculation: The node chooses a random backoff interval from a contention window
(CW), which doubles in size after each collision, up to a maximum limit. The selected backoff interval
is determined by selecting a random number, K, uniformly from the range [0, CW-1].

- Contention Window (CW): The size of the contention window doubles after each collision, starting
typically from CWmin, and is capped at CWmax. The formula for CW after the nth collision is:

\[
CW(n) = \min(2~n \times CW_{min}, CW_{max})
\]

- Backoff Time: The backoff delay is then:

\[
\text{Backoff delay} = K \times \text{Slot time}

\]

where K is a randomly chosen integer within [0, CW(n) - 1].



The Significance of the Collision Count and K Selection

The number of collisions a packet experiences directly influences the size of the contention window
and, consequently, the probability distribution for K:

- After each collision, the window doubles, increasing the range from which K is selected, thus
reducing the likelihood of repeated collisions.

- The value of K, chosen uniformly at random from [0, CW(n) - 1], determines how long the node waits
before attempting again.

- When collisions are frequent, the node's backoff window grows exponentially, leading to higher K
values being possible, with K=0 representing the shortest backoff and K= CW(n) - 1 the longest.

This mechanism is designed to minimize repeated collisions, especially during network congestion.

The Question at Hand: Probability of Choosing K=10 After the Sixth Collision
Context and Assumptions
Considering the specific scenario:

- The node has experienced six collisions.
- The contention window after the sixth collision is:

\[

CW(6) = 26 \times CW_{min} \quad \text{(assuming CWmax is sufficiently large to not cap the
window at this point)}

\]

- The node chooses K uniformly at random from [0, CW(6) - 1].

- The question is: What is the probability that K=107?

Step-by-Step Calculation

1. Determine the contention window after six collisions:

\[

CW(6) = 276 \times CW_{min} = 64 \times CW_{min}

\]

Typically, in Ethernet standards, CWmin = 32, but it can vary depending on implementation.

For this analysis, we'll assume:

\[



CW_{min} = 32

\]

Therefore:

\[

CW(6) = 64 \times 32 = 2048
\]

2. Probability of choosing K=10:
Since K is chosen uniformly at random from [0, CW(6) - 1], the probability is:

\[
P(K=10) = \frac{1}{CW(6)} = \frac{1}{2048}
\]

3. Result:

\[

\boxed{

P(K=10) = \frac{1} {2048} \approx 0.000488
}

\]

This indicates that the likelihood of any specific K value, such as 10, after the sixth collision is
approximately 0.0488%.

Interpreting the Result: What Does K=10 Mean?

The specific value K=10 is a small, but non-trivial, delay interval within the backoff window. Its
implications include:

- Backoff Duration: With K=10, the node waits for 10 slot times before attempting retransmission. If
the slot time is, for example, 512 microseconds (typical in Ethernet), the backoff delay is:

\[
10 \times 512\,\\mu s = 5120\,\mu s \approx 5.12\,ms

\]

This is a modest delay, balancing between aggressive retries (K=0) and conservative ones (K near
CW-1).

- Collision Probability: A lower K value (like 0-10) indicates a shorter wait, which can be advantageous
if the network is lightly congested, but risky under high contention. Conversely, higher K values
reduce collision probability but introduce longer delays.

- Network Dynamics: After multiple collisions, the increasing window size and the associated K values
serve to desynchronize nodes, reducing the chance of repeated collisions.



Broader Implications in Network Performance

Understanding the probability of selecting specific K values after multiple collisions helps network
engineers optimize and troubleshoot Ethernet performance:

- Collision Management: Knowing that K=10 occurs with a probability of roughly 1/2048 after six
collisions indicates that such specific small backoff values are quite rare in heavily congested
scenarios.

- Backoff Strategy Effectiveness: The exponential backoff mechanism effectively spreads out
retransmission attempts, reducing repeated collisions and improving throughput over time.

- Design Considerations: In high-traffic networks, the maximum backoff window (CWmax) and initial
contention window (CWmin) are tuned to balance collision avoidance and latency.

Advanced Considerations: Beyond Basic Probability

While the above calculation assumes uniform selection and no maximum window cap, real-world
networks may involve:

- Capped Windows: If CWmax is reached, the window stops doubling, capping the maximum K value.

- Non-Uniform Distributions: Variations in hardware and protocol implementations might introduce
non-uniform selection probabilities.

- Collision Backoff Variability: Slight differences in slot time or backoff algorithms can influence actual
probabilities.

- Impact of Transient Network Conditions: Bursty traffic or node behavior can skew the likelihood of
certain K values, especially in an environment with persistent collisions.

Final Thoughts and Practical Takeaways

The probability that a node selects K=10 after the sixth collision is straightforward once the
contention window size is determined. Under typical Ethernet standards with CWmin=32, the chance
is 1/2048, reflecting the exponential backoff's role in mitigating repeated collisions.

For network administrators and engineers, understanding these probabilistic dynamics is crucial for
diagnosing network congestion, optimizing collision management, and ensuring robust data
transmission. Recognizing that specific backoff values are rare after multiple collisions underscores
the effectiveness of the exponential backoff strategy in dispersing retransmission attempts and
maintaining overall network health.



Summary

| Aspect | Details |

| =] |

| Key Protocol | CSMA/CD with exponential backoff |

| After 6 Collisions | Contention window = 2048 (assuming CWmin=32) |

| Probability of K=10 | 1/2048 = 0.0488% |

| Significance of K=10 | Represents a moderate backoff delay, balancing retransmission urgency and
collision avoidance |

| Practical Implication | Such specific K values are rare after multiple collisions, highlighting the
protocol's built-in collision mitigation |

In conclusion, the detailed probabilistic analysis reveals that after multiple collisions, the backoff
process inherently favors higher delays to prevent repeated conflicts. The chance of selecting K=10
after six collisions remains minimal, reinforcing the robustness of CSMA/CD's exponential backoff
mechanism in managing network contention effectively.
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