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Consider The Page Reference String: 1, 2, 3,4,2,1,5,6,2,1,2,3,7,6,3,2,1, 2, 3, 6.
Assume you are analyzing this sequence to understand how different page replacement algorithms
perform in managing memory. This reference string is commonly used in operating systems to
evaluate the efficiency of page replacement strategies such as FIFO, LRU, Optimal, and Clock
algorithms. Understanding how these algorithms handle this sequence provides insights into their
effectiveness, fault rates, and suitability for various computing environments. In this article, we will
explore each algorithm's approach to this reference string, compare their performance, and discuss
the implications for system design and optimization.

Understanding the Page Reference String

What is a Page Reference String?

A page reference string is a sequence of page numbers that a process requests during its execution.
It models the behavior of a program accessing different pages in memory over time. Analyzing such
sequences helps in evaluating how efficiently a page replacement algorithm manages limited
mMemory resources.

Details of the Given Sequence
The sequence in question is:

1,2,3,42,1,56,2,1,2,3,7,6,3,2,1,2,3,6

This sequence contains repeated accesses to certain pages, such as pages 1, 2, and 3, with
occasional new pages like 4, 5, 6, and 7. The sequence's pattern influences how different algorithms
decide which pages to replace when memory is full.

Page Replacement Algorithms Overview

Different algorithms aim to optimize page fault rates—instances when a page needed by the process
is not in memory and must be loaded, possibly replacing another page. Let's review the main
algorithms analyzed using this sequence.

First-In-First-Out (FIFO)

FIFO replaces the oldest page in memory, regardless of usage frequency or recency.



Least Recently Used (LRU)

LRU replaces the page that has not been used for the longest time, assuming recent use indicates
future usefulness.

Optimal Page Replacement

This theoretical algorithm replaces the page that will not be used for the longest time in the future,
minimizing page faults. While impractical in real systems, it serves as a benchmark.

Clock Algorithm

An approximation of LRU, the Clock algorithm maintains a circular list of pages with reference bits,
replacing pages based on their recent usage.

Analyzing the Sequence with Different Algorithms

In this section, we simulate each algorithm's behavior with the reference string, considering a fixed
number of frames (for example, 3 or 4). For clarity, we'll assume 3 frames in our examples.

FIFO Algorithm Simulation

Initial state: all frames empty.

| Step | Requested Page | Frames after request | Page Fault? |
I | I | |
|1]1][1]-empty, 2, 3| Yes |

| 2]2]|[1, 2] - empty, 3 | Yes |

| 31311, 2,3]] Yes|

|44 |I[4, 2, 3] (replace 1) | Yes |

1521042, 3| No|

|6]1][4,1, 3] (replace 2) | Yes |
| 7154, 1, 5] (replace 3) | Yes |
| 816116, 1, 5] (replace 4) | Yes |
|9]2]I6,2, 5] (replace 1) | Yes |
|10 1]1[6, 2, 1] (replace 5) | Yes |
|11]2]1[6,2,1]| No |

| 121 3|3, 2, 1] (replace 6) | Yes |
| 13]7][3, 7, 1] (replace 2) | Yes |
| 1416 |[3, 7, 6] (replace 1) | Yes |
| 15]3]1[3,7, 6]| No |

|16 2|2, 7, 6] (replace 3) | Yes |
|17 | 1|12, 1, 6] (replace 7) | Yes |
|18 2][2,1,6]|No |

| 1913112, 1, 3] (replace 6) | Yes |
| 2016112, 1, 6] (replace 3) | Yes |



Total Page Faults: 14

This simulation shows FIFO's tendency to replace the oldest pages, which can sometimes result in
unnecessary faults when pages are still frequently used.

LRU Algorithm Simulation

Initial state: empty frames.

| Step | Requested Page | Frames after request | Page Fault? |
I | I | |
|1]1][1]-empty, 2, 3| Yes |

| 2]2]|[1, 2] - empty, 3 | Yes |

[313]|I1,2,3]]Yes|

| 414|123, 4] (replace 1) | Yes |

|5]2][2,3,4] | No |

|61]I[1,3, 4] (replace 2) | Yes |

| 715111, 5, 4] (replace 3) | Yes |

| 86|11, 5, 6] (replace 4) | Yes |

| 9]2]I[1,5, 2] (replace 6) | Yes |

| 10| 1]1[1,5, 2] | No |

| 111211, 5, 2]| No |

| 12 | 3| [1, 3, 2] (replace 5) | Yes |
| 1317111, 3, 7] (replace 2) | Yes |
| 14161, 6, 7] (replace 3) | Yes |
| 1513 |[1, 6, 3] (replace 7) | Yes |
| 16|22, 6, 3] (replace 1) | Yes |
|17 11112, 1, 3] (replace 6) | Yes |
|18 2]1[2,1,3]| No |
[19]3]1[2,1, 3]| No |

| 201616, 1, 3] (replace 2) | Yes |

Total Page Faults: 12

LRU generally performs better than FIFO in this sequence due to its recency-based replacement
policy.

Optimal Algorithm Simulation

While impractical in real systems, the optimal algorithm provides a baseline for comparison.

| Step | Requested Page | Future Requests | Replacement Decision | Page Fault? |

|1]1]2,3,4...|Load 1| Yes|
|212]3,4,2...| Load 2 | Yes |
[313]4,2,1...]Load 3 | Yes |
|41412,1,5



Frequently Asked Questions

How can the FIFO page replacement algorithm be applied to
the reference string: 1, 2, 3,4,2,1,5,6,2,1,2,3,7,6, 3, 2, 1,
2, 3, 6?

The FIFO (First-In-First-Out) algorithm replaces the oldest page in memory when a page fault
occurs. Starting with an empty frame, pages are loaded in order. When the frame is full, the earliest
loaded page is replaced. Applying FIFO to the given string involves tracking page faults and
replacements at each step based on this rule.

What is the total number of page faults that occur when using
the Least Recently Used (LRU) page replacement policy on the
reference string: 1, 2, 3,4,2,1,5,6,2,1,2,3,7,6,3,2,1, 2,
3, 6?

Applying the LRU policy with a fixed number of frames (e.g., 3 frames), the total page faults can be
counted by replacing the least recently used pages whenever a fault occurs and the frames are full.
In this sequence, the total number of page faults is 14, assuming 3 frames.

Which page replacement algorithm results in fewer page
faults for the given reference string: FIFO or Optimal, and
why?

The Optimal page replacement algorithm generally results in fewer page faults because it replaces
the page that will not be used for the longest period in the future. FIFO is simpler but can lead to

more faults due to its lack of lookahead. For the given sequence, Optimal would outperform FIFO in
terms of fewer page faults.

How does the number of page frames affect the page fault rate
in the given reference string?

Increasing the number of page frames typically reduces the page fault rate because more pages can
be held in memory simultaneously. Conversely, with fewer frames, page faults increase as pages are
replaced more frequently, leading to higher fault counts in the sequence.

Can the reference string 1, 2, 3,4, 2,1, 5,6, 2,1, 2,3, 7, 6, 3,
2,1, 2, 3, 6 be used to compare different page replacement
algorithms effectively?

Yes, this reference string is commonly used in operating systems to evaluate and compare the
performance of different page replacement algorithms, such as FIFO, LRU, and Optimal, because it
exhibits varying page reuse patterns and can highlight the strengths and weaknesses of each
approach.



Additional Resources

Understanding Page Replacement Algorithms through the Reference String: 1, 2, 3,4, 2, 1, 5, 6, 2,
1,2,3,7,6,3,2,1,2,3,6

When analyzing how operating systems manage memory, one of the fundamental concepts is the
page replacement algorithm. These algorithms decide which pages to remove from RAM when new
pages need to be loaded, especially when the physical memory is full. To illustrate these mechanisms
clearly, we often employ a reference string—a sequence of page requests. This article explores a
specific reference string: 1, 2, 3,4,2,1,5,6,2,1,2,3,7,6, 3, 2, 1, 2, 3, 6—and demonstrates how
different page replacement algorithms perform with it.

Understanding the Reference String

The reference string is a sequence of pages requested by processes during execution. It models real-
world scenarios where programs access various memory locations over time. The string in question:

1,2,3,42,1,56,2,1,2,3,7,6,3,2,1,2,3,6

represents a series of page requests. Operating systems have to decide how to handle these requests
with limited physical memory, which leads us to the core concept: page replacement algorithms.

Page Replacement Algorithms Overview

The primary goal of a page replacement algorithm is to minimize page faults—instances where the
required page isn't in memory and must be loaded from disk, which is costly in terms of
performance.

Common algorithms include:

- FIFO (First-In-First-Out): Replaces the oldest page in memory.

- LRU (Least Recently Used): Replaces the page that hasn't been used for the longest time.

- Optimal (OPT): Replaces the page that won't be used for the longest future period; theoretical and
ideal but impractical.

- Clock: An approximation of LRU using a circular list and a reference bit.

- LFU (Least Frequently Used): Replaces the page used least often.

In this guide, we'll focus primarily on FIFO, LRU, and OPT, as they are commonly taught and
illustrate different approaches to page management.



Memory Size Assumption

For simplicity, assume the system has 3 frames of physical memory. This means at any given
moment, only three pages can reside in memory. When a new page request arrives and all frames
are occupied, a replacement must occur based on the algorithm.

Applying the FIFO Algorithm

FIFO is the simplest page replacement strategy. It maintains a queue of pages; when a page needs
to be replaced, it removes the oldest loaded page.

Step-by-step FIFO process with the reference string:

| Request | Memory Frames | Page Fault? | Notes |
e

|1]1]Yes|Load page 1 |

|2]1,2]|Yes | Load page 2 |

| 3]1,2, 3| Yes | Load page 3 |

| 414, 2, 3| Yes | Replace page 1 (FIFO) with 4 |

| 2|4, 2,3 | No | Page 2 already in memory |

| 1]4,1, 3| Yes | Replace page 2 with 1 |

| 514, 1,5| Yes | Replace page 3 with 5 |

6, 1, 5| Yes | Replace page 4 with 6 |

6, 2, 5| Yes | Replace page 1 with 2 |

6, 2, 1| Yes | Replace page 5 with 1 |

6, 2, 1 | No | Already in memory |

3,2,1|Yes | Replace page 6 with 3 |

3,7, 1] Yes | Replace page 2 with 7 |
3,7, 6| Yes | Replace page 1 with 6 |
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| Yes | Replace page 7 with 2 |
| Yes | Replace page 3 with 1 |
| No | Already in memory |
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Total page faults with FIFO: 15



Applying the LRU Algorithm

LRU replaces the page that hasn't been used for the longest period. It requires tracking the usage
history of pages.

Step-by-step LRU process:

| Request | Memory Frames | Page Fault? | Notes |

e

| 1]1]Yes|Load page 1 |

|2]1,2]Yes|Load page 2 |

| 31,2, 3| Yes | Load page 3 |

| 414, 2, 3| Yes | Replace page 1 (least recently used) with 4 |
| 2|4, 2,3|No| 2 is recently used |

4,1, 3| Yes | Replace page 2 |

4,1, 5| Yes | Replace page 3 |

6, 1, 5| Yes | Replace page 4 |

6, 2, 5| Yes | Replace page 1 |

6, 2, 1| Yes | Replace page 5 |

6,2, 1| No | Already in memory |

3,2, 1] Yes | Replace page 6 |
3,7, 1] Yes | Replace page 2 |
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| No | Already in memory |
| Yes | Replace page 7 |
| Yes | Replace page 3 |
| No | Already in memory |
| Yes | Replace page 2 |
| No | Already in memory |
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[ 1] 3
|5 | 5
|6 | 5
|2 | 5
| 1] 1
|2 | 1
| 3| 1
| 7| 1
| 6| , 6| Yes | Replace page 1 |
| 3| 6
|2 | 6
[ 1] 6
|2 | 6
| 3| 6
| 6] 6

’ ’

Total page faults with LRU: 14

Applying the Optimal Algorithm (OPT)

The Optimal algorithm replaces the page that will not be used for the longest period in the future. It
is theoretical because it requires future knowledge, but it serves as a benchmark for the best
possible performance.

Step-by-step OPT process:

| Request | Memory Frames | Page Fault? | Notes |
e



| 1]1]Yes|Load page 1 |

|2]1,2]Yes | Load page 2 |

| 31,2, 3| Yes| Load page 3 |

| 44,2, 3| Yes | Replace page 1 (furthest in future) with 4 |
| 214, 2,3]|No | Already in memory |

| 4,1, 3| Yes | Replace page 2 with 1 |
| 4,1, 5| Yes | Replace page 3 with 5 |
| 6,1, 5| Yes | Replace page 4 with 6 |
| 6, 2, 5| Yes | Replace page 1 with 2 |
| 6, 2, 1| Yes | Replace page 5 with 1 |
|6,2,1

|3,2,1

3,7, 1

| 3,7

7 ’

7 7

, | No | Already in memory |
| Yes | Replace page 6 with 3 |
| Yes | Replace page 2 with 7 |
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