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Disk scheduling algorithms are critical for optimizing the efficiency of data
retrieval from storage devices. They determine the order in which read/write
requests are serviced, directly impacting system performance, response times,
and throughput. Two of the most well-known algorithms are the Shortest Seek
Time First (SSTF) and the SCAN algorithm. While both aim to reduce seek time
and improve performance, they differ significantly in their approach,
advantages, and potential drawbacks. Understanding these differences,
especially why SSTF may cause issues like starvation, is essential for system
designers and students alike.

Understanding Disk Scheduling Algorithms

Before diving into the comparison, it’s important to grasp the basic
principles of SSTF and SCAN algorithms.

What is SSTF (Shortest Seek Time First)?

SSTF selects the disk I/0 request that is closest to the current head
position, servicing it next. This approach prioritizes requests that require
the least movement, aiming to minimize total seek time.

Key Features of SSTF:

- Greedy algorithm focusing on minimizing immediate seek time.

- Serves the request with the minimal distance from the current head
position.

- Can be implemented efficiently with a priority queue or sorted list.

Advantages:

- Reduced average seek time compared to naive algorithms like FCFS (First
Come, First Serve).

- Simple to implement and understand.

Disadvantages:
- Can lead to request starvation.



- Does not guarantee fairness or optimal overall performance.

What is SCAN (Elevator Algorithm)?

The SCAN algorithm, often called the "Elevator Algorithm," moves the disk arm
in one direction, servicing all requests along the way until it reaches the
end, then reverses direction.

Key Features of SCAN:

- Moves the disk arm in a fixed direction, servicing requests as it passes
over them.

- Continues to move back and forth across the disk, ensuring fair servicing.
- Can be visualized as an elevator moving between floors.

Advantages:

- Fairer than SSTF by preventing starvation.
- Provides predictable performance.

- Reduces the variance in waiting times.

Disadvantages:

- May have higher average seek time compared to SSTF in some scenarios.
- Movement to the ends of the disk may incur unnecessary seek time if no
requests are pending there.

Major Differences Between SSTF and SCAN

The core differences between these algorithms relate to their approach to
servicing requests, fairness, and overall efficiency.

1. Service Strategy

- SSTF: Selects the request closest to the current head position, focusing on
minimizing immediate seek time.

- SCAN: Moves the head in a fixed direction, servicing all requests along the
path, then reverses direction.

2. Fairness and Request Starvation

- SSTF: Can cause starvation of requests that are far from the current head
position, especially if new closer requests keep arriving.
- SCAN: Ensures all requests are eventually serviced because the head moves



across the entire disk surface periodically.

3. Movement Pattern

- SSTF: Serves requests based on proximity, leading to potentially erratic
movement depending on request distribution.

- SCAN: Follows a predictable, sweeping movement pattern like an elevator,
which simplifies analysis and predictability.

4. Performance in Different Request Distributions

- SSTF: Generally performs well with clustered requests but suffers with
requests spread across the disk.

- SCAN: Maintains steady performance regardless of request distribution,
thanks to its systematic sweeping.

5. Implementation Complexity

- SSTF: Slightly more complex to implement efficiently, often requiring data
structures like heaps or balanced trees.
- SCAN: Easier to implement with a simple list or queue, as it just moves in
one direction and reverses periodically.

Why SSTF May Cause Problems Like Starvation

While SSTF is effective in minimizing seek time, its greedy nature can lead
to undesirable effects such as starvation, where certain requests are
perpetually delayed or ignored. Understanding how and why this occurs 1is
crucial.

Mechanism Leading to Starvation

- As SSTF always services the request closest to the current head position,
requests that are far away from the current head tend to wait longer.

- If new requests keep arriving near the current head position, requests
located further away may be repeatedly bypassed.

- Over time, these distant requests may suffer indefinite delay, especially
under heavy load or skewed request patterns.

Examples of Starvation Scenario

Imagine a disk with requests scattered across the surface:



- The disk head is currently at position 50.

- Requests are at positions 10, 90, 20, 80.

- The head services requests at 20 and 10 first, as they are closest.

- Meanwhile, requests at 80 and 90 are farther away and may not be serviced
promptly.

- If new requests arrive near position 15 repeatedly, the distant requests at
80 and 90 might never get serviced.

Impact of Starvation

- Critical requests may experience excessive delays, leading to degraded
system performance.

- Real-time systems or time-sensitive applications are particularly
vulnerable.

- Starvation can be mitigated through algorithms that incorporate fairness,
such as SCAN or C-SCAN.

Mitigating the Drawbacks of SSTF

Recognizing the issues with SSTF, especially starvation, system designers
often employ modifications or alternative algorithms.

Strategies Include:

- Implementing Aging: Gradually increasing the priority of requests that have
been waiting longer.

- Using Fairer Algorithms: Such as SCAN or C-SCAN, which provide systematic
servicing.

- Hybrid Approaches: Combining SSTF with other algorithms to balance
efficiency and fairness.

Conclusion: Choosing the Right Algorithm

Selecting between SSTF and SCAN depends on system requirements and workload
characteristics.

- Use SSTF when: Minimized seek time is paramount, and request distribution
is predictable with lower risk of starvation.

- Use SCAN when: Fairness and predictable performance are critical,
especially in systems with diverse or unpredictable request patterns.

While SSTF offers excellent average seek times, its tendency to cause
starvation makes it less suitable for environments where fairness is



essential. Conversely, SCAN provides a balanced approach, ensuring all
requests are eventually served, at the cost of potentially higher average
seek times.

In summary, understanding the fundamental differences and the potential

drawbacks of SSTF, like request starvation, enables system designers to

choose the most appropriate disk scheduling algorithm tailored to their

specific needs, ensuring optimal performance and fairness across diverse
workloads.

Frequently Asked Questions

What are the main differences between SSTF and SCAN
disk scheduling algorithms?

SSTF (Shortest Seek Time First) selects the request closest to the current
head position, minimizing seek time for each move, while SCAN moves the disk
arm across the entire surface in one direction, servicing requests along the
way and then reversing direction. SSTF focuses on optimizing seek times
locally, whereas SCAN provides a more systematic approach to servicing
requests across the disk.

Which algorithm generally results in lower average
seek time, SSTF or SCAN?

SSTF typically results in lower average seek time because it always chooses
the closest request, reducing overall movement. However, this can sometimes
lead to unfairness or starvation of requests located far from the current
head position.

Why may SSTF cause starvation of some disk requests?

SSTF can cause starvation because requests that are far from the current head
position may repeatedly be ignored in favor of closer requests, especially
under heavy load, leading to indefinite delays for those requests.

How does the SCAN algorithm improve fairness
compared to SSTF?

SCAN moves the disk arm in a systematic manner, servicing all requests along
its path before reversing direction. This ensures that requests in all areas
of the disk are eventually serviced, reducing the risk of starvation and
improving fairness.



What is a potential drawback of using the SCAN
algorithm?

A drawback of SCAN is that it may have higher average seek times compared to
SSTF because it moves the arm across the entire disk surface, even if some
requests are close together, leading to potentially unnecessary movements.

In what scenarios is SSTF preferred over SCAN?

SSTF is preferred in environments where minimizing average seek time 1is
critical and the request pattern is relatively uniform, as it quickly
services nearby requests and reduces overall seek time.

Why does SSTF sometimes cause longer waiting times
for certain requests?

Because SSTF prioritizes the closest request at each step, requests that are
far from the current head position may experience longer waiting times,
especially if many closer requests keep arriving, leading to possible
starvation.

Which algorithm is more suitable for real-time
systems, SSTF or SCAN, and why?

SCAN is generally more suitable for real-time systems because it offers more
predictable and fair servicing of requests, reducing the risk of starvation
and ensuring timely access across all disk areas.

Additional Resources

Disk Scheduling Algorithms are fundamental to the efficient operation of
computer systems, particularly in managing the movement of the read/write
head across the disk platters. As data access times are significantly
influenced by the order in which disk requests are serviced, choosing an
optimal algorithm can greatly enhance performance, reduce latency, and
improve overall system responsiveness. Among the myriad of algorithms
employed, the Shortest Seek Time First (SSTF) and SCAN algorithms are two of
the most widely studied and implemented due to their distinctive operational
characteristics and performance trade-offs.

Understanding Disk Scheduling Algorithms

Before delving into the comparison, it’s crucial to understand what these



algorithms aim to accomplish and how they function.

What is SSTF (Shortest Seek Time First)?

SSTF is a disk scheduling algorithm that selects the disk I/0 request that is
closest to the current position of the disk head. It prioritizes requests
based on their proximity, aiming to minimize the seek time for each
individual operation.

Operational Principle:

- The disk head is positioned at a certain track.

- When a new request arrives, the algorithm searches the queue of pending
requests.

- It services the request closest to the current head position.

- After servicing that request, it updates the head position and repeats the
process for remaining requests.

Advantages:

- Reduces average seek time compared to First Come First Serve (FCFS).
- Simple to implement and provides relatively quick responses in workloads
with localized requests.

Disadvantages:

- Can lead to starvation of requests that are far from the current head
position.

- Does not guarantee fair servicing, especially under skewed request
distributions.

What is SCAN (Elevator Algorithm)?

SCAN is inspired by an elevator’s operation, moving the disk head in one
direction servicing all requests along the path until it reaches the end,
then reversing direction.

Operational Principle:

- The disk head moves in a single direction (e.g., from innermost to
outermost track).

- It services all requests encountered along the way.

- When it reaches the end of the disk, it reverses direction and services
remaining requests on the return trip.

- The process repeats, creating a “sweep” across the disk.

Advantages:



- Provides a more uniform wait time and reduces starvation.

- Fairer than SSTF, as all requests in the current direction will eventually
be serviced.

- Suitable for workloads with requests spread across the disk.

Disadvantages:

- May incur longer seek times compared to SSTF, especially if the requests
are clustered at one end.
- The movement of the head between the ends can introduce additional latency.

Key Differences Between SSTF and SCAN

Understanding the operational distinctions helps clarify their relative
strengths and weaknesses.

1. Approach to Request Selection

- SSTF: Selects the request that is closest to the current head position,
regardless of its location on the disk. It is a greedy algorithm focused on
minimizing individual seek times.

- SCAN: Moves the head in a fixed direction servicing requests along the way,
then reverses direction at the disk’s end. It treats requests in a more
systematic, sweeping manner.

2. Fairness and Starvation

- SSTF: Can lead to starvation for requests located far from the current head
position if there are always closer requests arriving. This can cause some
requests to wait indefinitely if new closer requests keep arriving.

- SCAN: Significantly reduces starvation risk because requests at all
positions will eventually be serviced as the head moves across the entire
disk.

3. Average Seek Time and Performance

- SSTF: Usually results in lower average seek time in workloads where
requests are localized, as it always chooses the nearest request.

- SCAN: May have higher average seek time due to head movement across large
portions of the disk, especially if requests are unevenly distributed.



4. Implementation Complexity

- SSTF: Relatively simple to implement, requiring the selection of the
nearest request from the queue.

- SCAN: Slightly more complex, as it involves managing head movement
direction and ensuring all requests along the path are serviced properly.

5. Response Time and Throughput

- SSTF: Offers quick response times for localized requests but can suffer
under certain distributions.

- SCAN: Provides more predictable response times and better throughput under
workloads with uniformly distributed requests.

6. Suitability for Different Workloads

- SSTF: Ideal for scenarios with localized requests, such as databases with
clustered data access.

- SCAN: Better suited for mixed workloads with requests spread across the
disk or when fairness is a priority.

Why SSTF May Cause Problems: An In-Depth
Analysis

While SSTF is lauded for its efficiency in specific contexts, its propensity
to cause certain issues—most notably starvation—warrants careful
consideration.

1. Request Starvation and Fairness Issues

In environments where requests are continually arriving near the current head
position, distant requests can be perpetually delayed. For example:

- Imagine a scenario where the disk head is servicing requests at track 100.

- New requests arrive at tracks 105, 102, 101, all very close to the current

position.

- Meanwhile, a request at track 300 is waiting.

- Since the head continually services requests nearby, the distant request at
300 might never be serviced if newer requests keep coming in close proximity.



This phenomenon, known as starvation, can be problematic especially in real-
time systems where timely data access is critical.

Implications:

- Distant requests may experience indefinite delays.

- System performance becomes unpredictable.

- Critical data at distant locations may be inaccessible within useful time
frames.

2. Impact on System Fairness and User Experience

Fairness in disk scheduling ensures that all requests are eventually
serviced, preventing indefinite waiting periods. SSTF's greedy approach tends
to favor requests close to the current head position, creating an imbalance:

- High-priority requests near the current head position are serviced quickly.
- Lower-priority requests, especially at the disk’s far ends, may suffer from
starvation.

This can negatively impact user experience, particularly in multi-user
systems or systems requiring equitable resource allocation.

3. Suboptimal Performance Under Certain Request
Distributions

While SSTF often minimizes average seek time, it is not immune to
pathological cases:

- When requests are evenly spread across the disk, the algorithm might still
perform well.

- But, in cases where requests are skewed toward one side, the head may
frequently oscillate or focus on a small region, neglecting distant requests.

This can lead to increased total seek times and reduced overall throughput.

4. Potential Solutions and Alternatives

To mitigate the shortcomings of SSTF, system designers often incorporate
mechanisms such as:

- Request Aging: Increasing the priority of requests that have been waiting
longer, thus preventing starvation.

- Hybrid Algorithms: Combining SSTF with other algorithms like SCAN or C-SCAN
to balance efficiency and fairness.



- Fair Queuing: Ensuring equitable servicing regardless of request proximity.

Conclusion and Final Thoughts

The choice between SSTF and SCAN embodies the classic trade-off between
efficiency and fairness in disk scheduling. SSTF excels in environments where
minimizing seek time for localized requests is paramount, providing quick
responses and high throughput in such contexts. However, its susceptibility
to starvation and unfair request servicing makes it less suitable for systems
requiring equitable access or handling widespread request distributions.

SCAN, with its methodical sweeping approach, offers a more balanced solution,
ensuring all requests are eventually serviced and reducing the risk of
starvation. Its predictable movement and fairness make it ideal for workloads
with requests spread across the disk, though it may incur longer seek times
in certain scenarios.

Understanding these differences enables system architects and engineers to
tailor their disk scheduling policies to specific workload characteristics
and performance requirements. In practice, hybrid approaches and adaptive
algorithms are often employed to harness the strengths of both SSTF and SCAN,
ensuring optimal performance while maintaining fairness and predictability.

In the ongoing evolution of storage systems, especially with the advent of
SSDs and other non-mechanical storage media, the principles of disk
scheduling continue to influence data management strategies, highlighting the
enduring importance of this foundational aspect of operating system design.
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