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Carrier Sense Multiple Access with Collision Detection (CSMA/CD) is a
fundamental protocol used in Ethernet networks to manage data transmission
among multiple nodes. When multiple devices attempt to transmit
simultaneously, collisions occur, and the protocol dictates how nodes back
off and attempt retransmission. Understanding the probability that a node
chooses a specific backoff window size, such as K=15, especially after
multiple collisions, is crucial for network performance analysis and
optimization. This article delves into the details of the backoff algorithm
in CSMA/CD, focusing on the probability that a node selects a particular
contention window after several collisions, particularly after the fourth
collision.

Understanding CSMA/CD and the Backoff Process

Basics of CSMA/CD Protocol
CSMA/CD is designed to minimize collisions in Ethernet networks. The key
steps involve:
- Carrier Sensing: Nodes listen to the medium before transmitting.
- Collision Detection: If two nodes transmit simultaneously, a collision
occurs.
- Backoff Algorithm: After a collision, nodes wait for a random period before
retransmitting to reduce the chance of repeated collisions.

The Exponential Backoff Algorithm
The core of CSMA/CD's collision management is the exponential backoff
algorithm, which determines how long a node waits before attempting to
retransmit after a collision. The process is:
- Initial Transmission: Attempt to send data.
- Collision Occurs: If a collision is detected.
- Backoff Window Selection: The node randomly selects a backoff time from a
range determined by the number of collisions experienced.
- Exponential Increase: With each subsequent collision, the backoff window
size doubles, up to a maximum limit.



Backoff Time Selection and the Contention
Window

Contestation Window (CW)
The contention window (CW) defines the range of backoff times a node can
choose from:
- The size of CW increases exponentially with each collision.
- This helps reduce the probability of repeated collisions by spreading out
retransmission attempts.

Backoff Time K
- The value K is the random backoff counter selected uniformly from the range
[0, CW].
- The value of K determines how many time slots a node will wait before
retransmitting.

Probability of Choosing K=15 After Multiple
Collisions

Relevance of K=15
- K=15 is a specific backoff counter.
- The probability of selecting this value depends on the size of the
contention window at that collision stage.

Calculating the Contention Window (CW) After
Multiple Collisions
The contention window size after i collisions is given by:
- CW(i) = min(2^i CWmin, CWmax)
Where:
- CWmin is the minimum contention window size (e.g., 16 slots).
- CWmax is the maximum contention window size (e.g., 1024 slots).
- i is the number of collisions experienced.

For the purpose of this discussion, assume:
- CWmin = 16 slots
- CWmax = 1024 slots



Determining CW After the Fourth Collision
After four collisions:
- CW(4) = min(2^4 16, 1024) = min(256, 1024) = 256 slots

This means:
- The node will choose a backoff value from 0 to 255 uniformly at random.

Calculating the Probability of K=15 After the
Fourth Collision

Uniform Distribution of K
- Since K is selected uniformly within the CW range:

P(K=15) = 1 / (CW(i) + 1)

- For CW(4) = 256:

P(K=15) = 1 / (256) = 1 / 256 ≈ 0.00390625

This indicates that, after the fourth collision, the probability that a node
will choose K=15 is approximately 0.39%.

Why Plus One in the Denominator?
- The range is from 0 to CW, inclusive.
- Thus, total possible values are CW + 1.

Implications of Choosing K=15 in Network
Performance

Impact on Collision Probability
- A lower value of K (like 0 or 1) leads to shorter wait times, increasing
the chance of collision.
- A value like 15, while not the smallest, still represents a relatively
short backoff time, which can impact collision likelihood.



Network Throughput and Fairness
- The probability distribution influences how fairly nodes access the medium.
- Nodes that tend to select smaller K values may dominate the medium, leading
to unfairness.

Summary and Key Takeaways

- The probability of a node selecting K=15 after the fourth collision in
CSMA/CD is determined by the size of the contention window at that point.
- After four collisions, the contention window size is 256 slots.
- The probability is 1/256 ≈ 0.39%.
- This calculation assumes uniform selection within the window and standard
parameters for CWmin and CWmax.

Additional Factors Influencing Backoff Choices

- Maximum backoff stage: Limits the number of collisions after which the
window size stops increasing.
- Network load: High traffic can lead to more collisions, affecting the
window sizes.
- Node behavior: Variations in node algorithms or network conditions can
influence backoff distributions.

Conclusion

Understanding the probability that a node chooses a specific backoff value
like K=15 after multiple collisions is essential for analyzing Ethernet
network performance. It helps network engineers optimize parameters to reduce
collisions, improve throughput, and ensure fair access to the medium.
Recognizing how the contention window evolves with each collision and
calculating the associated probabilities are vital steps in designing and
maintaining efficient CSMA/CD networks.

---
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Frequently Asked Questions



In CSMA/CD, what is the probability that a node
chooses K=15 after the fourth collision?
The probability is given by P(K=15) = (1/16) (15/16)^{4}, assuming the binary
exponential backoff algorithm, which results in P= (1/16) (15/16)^4.

Why does the probability of choosing K=15 increase
after multiple collisions in CSMA/CD?
Because after each collision, the contention window doubles, increasing the
range of backoff times; at the 4th collision, the window size is 2^4=16,
making the probability of choosing K=15 equal to 1/16.

How is the backoff time determined in CSMA/CD after
multiple collisions?
The backoff time is randomly selected from a uniform distribution over the
range [0, 2^k - 1], where k is the number of collisions, capped at a maximum
value, such as 15.

What is the significance of choosing K=15 after the
fourth collision in CSMA/CD?
Choosing K=15 indicates that the node has experienced multiple collisions and
is now selecting from the maximum contention window, which reduces the chance
of further collisions but also introduces longer delays.

Is the probability of a node choosing K=15 in
CSMA/CD after four collisions always 1/16?
Yes, assuming the backoff value is uniformly selected from 0 to 15 after the
fourth collision, the probability of choosing K=15 is 1/16.

How does the exponential backoff mechanism affect
collision probability in CSMA/CD?
It reduces collision probability over time by increasing the contention
window after each collision, but the probability of selecting the maximum
backoff value (like K=15) remains constant at 1/16 after four collisions.

What assumptions are made when calculating the
probability of choosing K=15 after the fourth
collision in CSMA/CD?
It is assumed that the backoff counter is selected uniformly at random from
the range [0, 2^k - 1], with k=4 after four collisions, and that each choice



is independent and equally likely.

In practical terms, what does selecting K=15 after
multiple collisions imply for network performance?
It suggests that the node is experiencing high contention and is waiting
longer before retransmitting, which can lead to increased delays but helps
prevent persistent collisions and network congestion.

Additional Resources
Understanding the Probability of a Node Choosing K=15 in CSMA/CD After the
Fourth Collision

Carrier Sense Multiple Access with Collision Detection (CSMA/CD) is a
foundational protocol used in Ethernet networks to manage access to the
shared communication medium. It ensures that devices transmit data
efficiently while minimizing collisions and retransmissions. One of the
critical components of CSMA/CD's backoff algorithm involves random backoff
times, which are determined based on a contention window that evolves after
each collision.

In this detailed analysis, we delve into the probability that a node, after
experiencing its fourth collision, chooses a specific backoff value, K=15.
This examination requires understanding the underlying exponential backoff
mechanism, the role of the contention window, and how the probability
distribution evolves with each collision.

---

Foundations of CSMA/CD and Backoff Mechanism

The Purpose of Backoff in CSMA/CD
CSMA/CD operates on the principle that nodes listen to the medium before
transmitting. If the medium is busy, nodes wait; if it's free, they transmit.
However, collisions can occur when multiple nodes transmit simultaneously. To
mitigate repeated collisions, CSMA/CD employs a randomized backoff algorithm.

Key reasons for backoff:
- Reduce the probability of repeated collisions.
- Distribute retransmission attempts randomly over time.
- Ensure fairness among nodes attempting to access the medium.



Exponential Backoff Algorithm
When a collision occurs, each node involved in the collision randomly selects
a backoff time (K). This value determines how many time slots the node will
wait before attempting retransmission. The backoff window size doubles after
each collision, following an exponential pattern:

- After the first collision, the contention window is typically set to [0,
1].
- After the second collision, it expands to [0, 3].
- After the third collision, it becomes [0, 7].
- This pattern continues, with the window size doubling each time, up to a
maximum limit.

Mathematically:
- After the n-th collision, the contention window is:

\[
\text{CW}_n = 2^{n} \times \text{CW}_0 - 1
\]

where \(\text{CW}_0\) is the initial contention window size (commonly 1).

For example:
- After 4 collisions:

\[
\text{CW}_4 = 2^{4} \times \text{CW}_0 - 1 = 16 \times 1 - 1 = 15
\]

implying the backoff value \(K\) is uniformly selected from \([0, 15]\).

---

Probability Distribution of K After the Fourth
Collision

Uniform Selection within the Contention Window
Once the contention window is established, the node randomly picks a backoff
interval \(K\) uniformly from \([0, \text{CW}_n]\), where:

\[
\text{CW}_n = 2^{n} \times \text{CW}_0 - 1
\]

Assuming the initial window size \(\text{CW}_0 = 1\), which is typical, then:



\[
\text{CW}_4 = 15
\]

and the backoff counter \(K\) is uniformly chosen from \(\{0, 1, 2, \dots,
15\}\).

Probability of choosing any specific K:

\[
P(K = k) = \frac{1}{\text{CW}_n + 1} = \frac{1}{16}
\]

for \(k = 0, 1, 2, \dots, 15\).

Thus:

\[
\boxed{
P(K=15) = \frac{1}{16} \approx 0.0625
}
\]

This is the fundamental probability after the fourth collision, assuming no
maximum window size capping and uniform selection.

---

Deeper Analysis: Why is the Probability
\(\frac{1}{16}\)?

Uniform Distribution Assumption
The primary assumption here is that the backoff selection is uniformly random
within the current contention window. This is a design feature of the binary
exponential backoff algorithm, which ensures fairness and simplicity.

In essence:
- Every slot within the window has an equal probability.
- The window size doubles after each collision, leading to an exponentially
expanding set of choices.

Impact of Collisions on Backoff Selection
Each collision triggers a reset of the backoff window to a larger size, and
the selection remains uniform within that larger window. This process



continues, with the probability of choosing any particular backoff value
being uniform within the current window.

After 4 collisions:
- The window size is \(16\).
- The probability of selecting any specific value, including \(K=15\), is
\(\frac{1}{16}\).

Potential Variations and Real-World Factors
While the theoretical probability is straightforward under ideal assumptions,
real implementations might have constraints:
- Maximum contention window size (CWmax): If there's a cap, it might prevent
further exponential growth.
- Implementation-specific random number generators: Variations could
introduce non-uniformity.
- Backoff algorithm modifications: Certain protocols might choose different
backoff strategies or include additional randomization.

However, for standard CSMA/CD as commonly described, the probability remains
uniform and straightforward.

---

Considering the Effect of Maximum Contention
Window

Maximum Contention Window Size (CWmax)
In practical Ethernet implementations, there is often a cap on the contention
window size to prevent unbounded growth. For example:
- IEEE 802.3 standard: The maximum window size is typically \(1023\) (for 10
Mbps Ethernet), corresponding to a maximum backoff of \(1023\).

Implication:
- Once the maximum window size is reached, it remains fixed in subsequent
collisions.
- The probability distribution becomes uniform over this maximum window size,
not increasing exponentially further.

Probability of K=15 with a Capped CW
If the maximum contention window after 4 collisions is capped at 15 (or a
similar value), the probability of selecting \(K=15\) remains:



\[
P(K=15) = \frac{1}{\text{CW}_{\text{max}} + 1}
\]

- For CWmax = 15:

\[
P(K=15) = \frac{1}{16}
\]

- For larger CWmax, the probability decreases accordingly.

In our specific case, considering after the 4th collision with the natural
exponential increase, the window size is 15, and the probability of choosing
\(K=15\) is \(\frac{1}{16}\).

---

Summary of Key Points

- Backoff value \(K\) is chosen uniformly at random from \([0, \text{CW}_n]\)
after the n-th collision.
- After 4 collisions:
- The contention window size is \(2^{4} - 1 = 15\) (assuming
\(\text{CW}_0=1\)).
- The probability that a node chooses \(K=15\) is \(\frac{1}{16}\).
- Uniform distribution assumption is central to this probability, reflecting
the design of exponential backoff.
- Real-world factors, such as maximum window limits, can affect the exact
probability, but under standard assumptions, the probability remains
\(\frac{1}{16}\).

---

Implications for Network Performance and
Fairness

Understanding this probability is crucial for network engineers and protocol
designers because it influences:

- Collision probability: Larger backoff windows reduce the chance of repeated
collisions.
- Fairness: Uniform distribution ensures no particular node is favored over
others.
- Throughput: Proper backoff management balances network efficiency and
collision mitigation.



Knowing that, after multiple collisions, a node has a \(\frac{1}{16}\) chance
to pick \(K=15\), helps in modeling network behavior, estimating collision
likelihood, and designing optimal backoff parameters.

---

Conclusion

In summary, the probability that a node, after experiencing its fourth
collision in CSMA/CD, chooses the backoff value \(K=15\), is exactly
\(\frac{1}{16}\), assuming the standard exponential backoff algorithm with an
initial contention window of size 1 and no maximum window cap at this stage.
This straightforward result stems from the fundamental uniform selection
within an exponentially increased contention window.

This understanding is pivotal for analyzing network performance, predicting
collision behaviors, and designing efficient MAC protocols. It highlights how
a simple probabilistic mechanism can significantly influence the overall
efficiency and fairness of shared medium access in Ethernet networks.

---
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