
If A 10Mbps Link With The Propagation Delay
Of 10 Ms Can Hold 10 Frames, How Many
Frames Can Be Held

Understanding the Scenario: A 10Mbps Link with a
10ms Propagation Delay

If A 10Mbps Link With The Propagation Delay Of 10 Ms Can Hold 10 Frames, How Many
Frames Can Be Held, the question revolves around the capacity of the network link to buffer or hold
frames considering both the bandwidth and the propagation delay. This scenario is fundamental in
understanding the concept of bandwidth-delay product (BDP), which determines the maximum
amount of data that can be in transit within the network at any given time. To analyze this, we need
to explore the relationship between bandwidth, delay, and the number of frames that can be held in
the network buffer or pipeline.

Key Concepts: Bandwidth, Propagation Delay, and
Bandwidth-Delay Product

Bandwidth
Bandwidth refers to the maximum data transfer rate of a network link, measured in bits per second
(bps). In this case, the link has a bandwidth of 10 Mbps (megabits per second), which means it can
theoretically transmit 10 million bits every second.

Propagation Delay
Propagation delay is the time it takes for a signal to travel from the sender to the receiver, which in
this case is 10 milliseconds (ms). This delay depends on the physical medium and distance between
the sender and receiver.

Bandwidth-Delay Product (BDP)
The BDP is a crucial concept in networking, representing the amount of data (in bits) that can fill the
pipeline between the sender and receiver without waiting for acknowledgments. It is calculated as:

BDP = Bandwidth × Propagation Delay



Understanding the BDP helps in optimizing window sizes, buffer capacities, and overall network
throughput, especially in protocols like TCP that rely on window-based flow control.

Calculating the Bandwidth-Delay Product

Convert Bandwidth to Bits per Millisecond
Since the bandwidth is given in Mbps, convert it to bits per millisecond for consistency:

1 Mbps = 1,000,000 bits/sec

10 Mbps = 10,000,000 bits/sec

Now, convert seconds to milliseconds:

10,000,000 bits/sec ÷ 1,000 = 10,000 bits/ms

Calculate BDP in Bits
Using the formula:

BDP = Bandwidth (bits/ms) × Propagation delay (ms)

Substitute the values:

BDP = 10,000 bits/ms × 10 ms = 100,000 bits

Interpreting the BDP
The BDP of 100,000 bits indicates that, at maximum, 100,000 bits can be in transit in the network
pipeline at any given time without acknowledgments. This value helps determine how many frames
can be "held" in the network buffer or pipeline, depending on the frame size.

Relating BDP to Frame Capacity



Determining Frame Size
To translate bits into frames, we need to know the size of each frame. For the purpose of this analysis,
assume a standard Ethernet frame size of 1500 bytes, which is common in many networks.

1 byte = 8 bits

Frame size = 1500 bytes × 8 bits/byte = 12,000 bits

Calculating Number of Frames in the Pipeline
The maximum number of frames that can be held in the link (or pipeline) is the BDP divided by the
size of each frame in bits:

Number of frames = BDP (bits) ÷ Frame size (bits)

Substituting the values:

Number of frames = 100,000 bits ÷ 12,000 bits ≈ 8.33

This indicates that approximately 8 full frames can be held in the link at once, considering the
bandwidth and propagation delay.

Understanding the Original Assertion: "Holds 10
Frames"

Context of the 10 Frames
The statement suggests that, under the given network parameters, the link can hold 10 frames. In our
calculations, we found the maximum capacity to be approximately 8 frames based on the frame size
of 1500 bytes. This discrepancy could be due to several factors:

The actual frame size might be slightly smaller than 1500 bytes, increasing the number of
frames that can be held.

Additional buffering or protocol-specific window sizes might influence the effective number of
frames held.

The original statement might have approximated or simplified the scenario for illustrative
purposes.



Adjusting Frame Size to Match 10 Frames
If the link can hold exactly 10 frames, we can determine the frame size that would fit within the BDP
of 100,000 bits:

Frame size (bits) = BDP ÷ Number of frames

Frame size = 100,000 bits ÷ 10 = 10,000 bits

Converting back to bytes:

10,000 bits ÷ 8 = 1,250 bytes

This suggests that if frames are approximately 1250 bytes in size, the link can hold 10 such frames in
transit, aligning with the original statement's assertion.

Implications for Network Design and Protocols

Window Size in TCP
The window size in TCP flow control is closely related to the BDP. To fully utilize the link's capacity,
the TCP window size should be at least equal to the number of frames that can be held in transit,
which is determined by the BDP:

TCP window size (in segments) ≈ BDP ÷ segment (or frame) size

Optimizing this window size ensures maximum throughput without overloading buffers or causing
unnecessary retransmissions.

Buffer Management
Network devices need sufficient buffer capacity to hold the frames in transit. In the scenario, buffers
should be capable of storing at least 10 frames to prevent overflow and ensure smooth data flow.

Protocol Efficiency
Understanding the relationship between bandwidth, delay, and frame size aids in designing protocols
that efficiently utilize network resources. For high bandwidth-delay product links, larger window sizes
and buffer capacities are required for optimal performance.



Conclusion: How Many Frames Can Be Held?

Based on the calculations and assumptions provided, the maximum number of frames that can be
held in transit over a 10 Mbps link with a 10 ms propagation delay is approximately 8 to 10 frames,
depending on the frame size. Specifically, if frames are around 1250 bytes (10,000 bits), then the link
can hold exactly 10 frames in transit, aligning with the initial statement. The critical takeaway is that
the capacity of the link to hold frames is primarily governed by the bandwidth-delay product, which is
a fundamental parameter in network design and performance optimization. Properly sizing buffers
and window sizes according to the BDP ensures efficient utilization of high-bandwidth, high-delay
links, minimizing idle times and maximizing throughput.

Frequently Asked Questions

How do you determine the number of frames that can be held
on a link given its bandwidth and propagation delay?
You calculate the bandwidth-delay product, which is the product of the bandwidth (in bits per second)
and the propagation delay (in seconds). Dividing this value by the size of each frame (in bits) gives
the number of frames that can be held.

Given a 10 Mbps link with a 10 ms propagation delay, and it
can hold 10 frames, what is the size of each frame?
First, calculate the bandwidth-delay product: 10 Mbps 10 ms = (10 10^6 bits/sec) (10 10^-3 sec) =
100,000 bits. Since it can hold 10 frames, each frame size is 100,000 bits / 10 = 10,000 bits.

What is the formula to find the maximum number of frames a
link can hold based on bandwidth and delay?
Maximum number of frames = (Bandwidth Propagation delay) / Frame size in bits.

How does increasing the propagation delay affect the number
of frames that can be held on a link?
Increasing the propagation delay increases the bandwidth-delay product, allowing more frames to be
held in the pipeline, assuming frame size remains constant.

If the link's bandwidth or delay changes, how do you
recalculate the number of frames it can hold?
Recalculate the bandwidth-delay product with the new values and divide by the frame size to find the
updated number of frames the link can hold.



Why is the bandwidth-delay product important in networking?
It represents the amount of data that can be in transit in the network at any given time, influencing
flow control, window size, and overall network performance.

Can the number of frames held in a link exceed the
bandwidth-delay product? Why or why not?
No, because the bandwidth-delay product sets the maximum amount of data that can be 'in flight' in
the network at once; exceeding it would mean attempting to send more data than the link can handle
during the propagation delay period.

Additional Resources
Understanding the Capacity of a 10 Mbps Link with a 10 ms Propagation Delay and Its
Frame Holding Capabilities

In the realm of data communications, understanding the interplay between bandwidth, propagation
delay, and buffering capacity is essential for designing efficient networks. A fundamental question
arises when considering a link with specific parameters: If a 10 Mbps (megabits per second) link with
a propagation delay of 10 milliseconds (ms) can hold 10 frames, how many frames can it hold in total?
This question encapsulates core principles of network throughput, window sizing, and flow control
mechanisms. This article aims to unpack this problem comprehensively, providing technical insights,
detailed calculations, and contextual understanding to elucidate the relationship between link
parameters and frame-holding capacity.

---

Fundamental Concepts in Network Capacity and
Buffering

Before delving into calculations, it is crucial to understand the foundational concepts involved:

Bandwidth (Data Rate)
- Definition: The maximum rate at which data can be transmitted over a network link.
- Units: Typically expressed in bits per second (bps), kilobits per second (Kbps), or megabits per
second (Mbps).
- In this scenario: The link operates at 10 Mbps.

Propagation Delay
- Definition: The time taken for a signal to travel from the sender to the receiver.
- Factors Influencing: Medium type, distance, and signal velocity.



- In this scenario: The delay is 10 milliseconds (ms).

Frame and Packet Concepts
- Frame: A unit of data at the data link layer, typically consisting of a header, payload, and trailer.
- Frame Size: The amount of data contained within a frame, usually in bits or bytes.
- Number of Frames the Link Can Hold: Refers to the buffering capacity or window size, which affects
flow control and throughput.

Buffering and Windowing
- Buffering: Storage of frames in a queue to accommodate delays and control flow.
- Window Size: The maximum number of frames that can be sent without waiting for
acknowledgment, influencing throughput efficiency.

---

Calculating the Frame Size and Link Capacity

To understand how many frames the link can hold, we need to determine the relationship between
the link's bandwidth, propagation delay, and frame size.

Step 1: Determine the Transmission Time per Frame

The transmission time for a single frame (also called serialization delay) depends on the frame size
and the bandwidth.

- Formula:

\[
T_{transmission} = \frac{\text{Frame Size (bits)}}{\text{Bandwidth (bps)}}
\]

- Assumption: To proceed, we need an average frame size. Since the problem states the link can hold
10 frames, and this is a given, we can deduce the frame size based on the total buffer capacity.

Step 2: Understanding the Relationship Between Frames and
Buffer Capacity

The question suggests that the link can hold 10 frames, which implies a buffering or windowing
capacity of 10 frames. The total data that can be "held" on the link is tied to its buffer size and the
window size.



- Key point: The maximum number of frames that the link can hold relates to the bandwidth-delay
product (BDP), which indicates the amount of data that can be in transit in the network at any given
time.

---

Bandwidth-Delay Product and Its Significance

What Is the Bandwidth-Delay Product?

The bandwidth-delay product is a fundamental metric in network theory, representing the maximum
amount of data that can be in transit in the network at any moment.

- Formula:

\[
BDP = \text{Bandwidth} \times \text{Propagation Delay}
\]

- Units: bits

Calculating the BDP for Our Scenario

Given:
- Bandwidth = 10 Mbps = \(10 \times 10^6\) bits/sec
- Propagation delay = 10 ms = 0.010 seconds

\[
BDP = 10 \times 10^6\, \text{bps} \times 0.010\, \text{s} = 100,000\, \text{bits}
\]

Interpretation: The link can carry up to 100,000 bits of data "in flight" at any given moment.

---

Relating BDP to Frame Capacity

Knowing the BDP helps us determine how many frames can be "in transit" or "held" on the link
simultaneously, assuming no additional buffering constraints.



Step 1: Determine Frame Size

Suppose the maximum number of frames that the link can hold is directly related to the BDP and the
size of each frame.

- Assuming the buffer can hold 10 frames, the total data in buffer at maximum is:

\[
\text{Total Data} = 10 \times \text{Frame Size}
\]

- Since this total data cannot exceed the bandwidth-delay product (the maximum in-flight data), we
have:

\[
10 \times \text{Frame Size} \leq 100,000\, \text{bits}
\]

Therefore, the frame size is:

\[
\text{Frame Size} \leq \frac{100,000\, \text{bits}}{10} = 10,000\, \text{bits}
\]

Result: Each frame can be up to 10,000 bits, or approximately 1,250 bytes (since 1 byte = 8 bits).

---

Step 2: Total Number of Frames the Link Can Hold

Given the maximum buffer capacity (or window size) of 10 frames, and each frame being 10,000 bits,
the total data the link can hold (buffered or in transit) is:

\[
\text{Total Data} = 10 \times 10,000\, \text{bits} = 100,000\, \text{bits}
\]

which aligns with the bandwidth-delay product calculation.

Conclusion: The link can hold up to 10 frames in total, considering the buffer capacity and the
maximum in-flight data determined by the bandwidth-delay product.

---



How Many Frames Can the Link Hold in Total?

The critical insight from the above calculations is that:

- The bandwidth-delay product (BDP) constrains the amount of data that can be in transit.
- The buffer capacity (or window size) determines how many frames can be stored or sent without
waiting for acknowledgment.

In this scenario, the problem states that the link can hold 10 frames. This figure is likely derived from
the maximum in-flight data (the BDP) divided by the frame size.

Thus, the total number of frames the link can hold—including those in transit and buffered—is:

\[
\boxed{\textbf{10 frames}}
\]

This presumes the system is designed such that the buffer size, window size, and in-flight data are
aligned, which is typical in sliding window protocols like TCP.

---

Implications for Network Performance and Protocol
Design

Understanding how many frames a link can hold influences several key aspects of network operation:

- Flow Control: Ensuring the sender does not overwhelm the receiver or the network capacity.
- Window Size Optimization: Balancing throughput and latency, especially in protocols like TCP.
- Latency and Throughput: Larger window sizes can improve throughput but may increase delay or
buffer requirements.

In this scenario, the link's maximum hold capacity of 10 frames aligns with the fundamental
bandwidth-delay product, illustrating the importance of proper window sizing.

---

Final Considerations and Practical Relevance

While the calculations illustrate the theoretical capacity, real-world factors such as protocol overhead,
error rates, and network congestion can influence actual performance. Nonetheless, the principles
demonstrated here are vital for network engineers and designers aiming to optimize data transfer
efficiency.

Summary:



- The bandwidth-delay product for a 10 Mbps link with 10 ms delay is 100,000 bits.
- If each frame is approximately 10,000 bits (or ~1,250 bytes), then 10 frames can fill the link in
terms of maximum in-flight data.
- The link, therefore, can hold a maximum of 10 frames, aligning with its buffer and flow control
constraints.

Understanding this relationship helps in designing robust networks capable of maximizing throughput
while maintaining stability and efficiency.

---

In essence, the capacity of a network link to hold frames is governed by the interplay of bandwidth,
delay, and frame size, with the bandwidth-delay product serving as a fundamental measure. For the
specific parameters provided—10 Mbps bandwidth and 10 ms delay—the link can hold approximately
10 frames simultaneously, a critical factor in optimizing data transmission strategies.
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