Suppose We Have The Following Page
Accesses: 1 2 3423412113114
And That There Are Three Frames

Suppose We Have The Following Page Accesses: 1 2 342341211314 And
That There Are Three Frames — this scenario is a common example used to
illustrate the concepts of page replacement algorithms in operating systems,
particularly focusing on how pages are managed within limited memory frames.
Understanding how pages are loaded, replaced, and retained in memory 1is
fundamental for optimizing system performance, reducing page faults, and
ensuring efficient resource utilization.

In this comprehensive article, we will explore the intricacies of page
replacement algorithms using this specific sequence of page accesses and a
fixed number of frames. We will analyze how different algorithms such as
First-In-First-Out (FIFO), Least Recently Used (LRU), and Optimal page
replacement handle this sequence. Additionally, we will provide detailed
step-by-step examples, discuss the benefits and drawbacks of each method, and
offer practical insights into their applications.

Understanding the Scenario

Before delving into algorithm specifics, it'’s essential to understand the
setup:

- Page Access Sequence: 1, 2, 3, 4, 2, 3, 4,1, 2,1, 1, 3,1, 4
- Number of Frames: 3

This sequence simulates a system where pages are requested in a specific
order, and memory frames are limited to three. The goal is to analyze how

pages are loaded into frames, when page faults occur, and how different
algorithms choose pages to replace.

Key Concepts in Page Replacement

What Are Page Replacement Algorithms?



Page replacement algorithms determine which page to remove from memory when a
new page needs to be loaded, and all frames are occupied. These algorithms
aim to minimize page faults—instances where a requested page is not in memory
and must be loaded.

Why Is Page Replacement Important?

Efficient page replacement reduces the number of page faults, which directly
impacts system performance. Excessive page faults can slow down applications
and increase processing time, making the choice of algorithm critical for
system efficiency.

Analysis Using Different Page Replacement
Algorithms

We will analyze the given sequence with three popular page replacement
strategies:

- FIFO (First-In-First-Out)
- LRU (Least Recently Used)
- Optimal (Ideal)

Each method will be demonstrated step-by-step, highlighting page faults and
the pages in frames after each access.

First-In-First-Out (FIFO) Algorithm

How FIFO Works

FIFO replaces the oldest page in the memory frames whenever a page fault
occurs and all frames are full. It operates on a simple queue basis, where
the earliest loaded page is the first to be replaced.

Step-by-Step FIFO Analysis

| Step | Accessed Page | Frames (Post-Access) | Page Fault? | Comments |



| 1] 1| [1, -, -1 | Yes | Load page 1 |

| 2 12| [1, 2, -1 | Yes | Load page 2 |

| 3 13| [1, 2, 31 | Yes | Load page 3 |

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

| 51 2| [4, 2, 3] | No | Page 2 already in memory |
| 6 | 3 | [4, 2, 31 | No | Page 3 already in memory |
| 71 4| [4, 2, 3] | No | Page 4 already in memory |
| 8 1] 1| [1, 2, 31 | Yes | Replace page 4 with 1 |

| 91 2| [1, 2, 3] | No | Page 2 already in memory |
| 106 | 1 | [1, 2, 3] | No | Page 1 already in memory |
| 11 | 1 | [1, 2, 3] | No | Page 1 already in memory |
| 12 | 3 | [1, 2, 3] | No | Page 3 already in memory |
| 13 | 1 | [1, 2, 3] | No | Page 1 already in memory |
| 14 | 4 | [4, 2, 3] | Yes | Replace page 1 with 4 |

Total Page Faults with FIFO: 10
Advantages and Disadvantages of FIFO

- Advantages: Simple to implement; uses a straightforward queue.
- Disadvantages: Can lead to the "Belady's anomaly," where increasing frames
results in more page faults.

Least Recently Used (LRU) Algorithm

How LRU Works

LRU replaces the page that has not been used for the longest period of time.
It mimics the idea that pages used recently are more likely to be used again
soon.

Step-by-Step LRU Analysis

| Step | Accessed Page | Frames (Post-Access) | Page Fault? | Comments |

| 1| 1| [1, -, -1 | Yes | Load page 1 |

| 2 12| [1, 2, -1 | Yes | Load page 2 |

| 3 13| [1, 2, 31 | Yes | Load page 3 |

| 4 | 4 | [4, 2, 3] | Yes | Replace page 1 (least recently used) with 4 |
| 51 2 | [4, 2, 3] | No | Page 2 in memory |



| 6 | 3 | [4, 2, 31 | No | Page 3 in memory |

| 7| 4| [4, 2, 3] | No | Page 4 in memory |

| 8 1 1| [1, 2, 3] | Yes | Replace page 4 with 1 |

| 912 | [1, 2, 3] | No | Page 2 in memory |

| 106 | 1 | [1, 2, 3] | No | Page 1 in memory |

| 11 | 1 | [1, 2, 3] | No | Page 1 in memory |

| 12 | 3 | [1, 2, 3] | No | Page 3 in memory |

| 13 | 1 | [1, 2, 3] | No | Page 1 in memory |

| 14 | 4 | [4, 2, 3] | Yes | Replace page 1 (least recently used) with 4 |

Total Page Faults with LRU: 8
Advantages and Disadvantages of LRU

- Advantages: Generally yields fewer page faults than FIFO; more adaptive.
- Disadvantages: Slightly more complex to implement, requiring tracking of
page usage.

Optimal Page Replacement Algorithm

How Optimal Works

The optimal algorithm replaces the page that will not be used for the longest
period in the future. It’'s theoretical and not implementable in real systems
but serves as a benchmark for the best possible performance.

Step-by-Step Optimal Analysis

| Step | Accessed Page | Frames (Post-Access) | Page Fault? | Comments |

| 1| 1| [1, -, -1 | Yes | Load page 1 |

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

| 3 13| [1, 2, 3] | Yes | Load page 3 |

| 4 | 4 | [4, 2, 31 | Yes | Replace page 1 (not needed soon) with 4 |
| 51 2| [4, 2, 3] | No | Page 2 in memory |

| 6 | 3 | [4, 2, 31 | No | Page 3 in memory |

Frequently Asked Questions



What is the page replacement process when using the
FIFO algorithm with the given page accesses and 3
frames?

The FIFO (First-In-First-Out) algorithm replaces the oldest page in the
frames when a new page needs to be loaded and the frames are full. Starting
with empty frames, pages are loaded in order, and when a page fault occurs
with full frames, the oldest page (the one loaded earliest) is replaced.

How many page faults occur with the given sequence
and three frames using FIF0 page replacement?

There are a total of 9 page faults in this sequence when using FIFO with 3
frames. The page faults occur whenever a page is not in the current frame
set, leading to replacement if necessary.

What is the final state of the frames after
processing all page accesses with FIFO and 3 frames?

The final state of the frames after processing all accesses is [2, 1, 4]. The
frames contain these pages after all replacements and accesses are completed.

Which pages cause the initial page faults in the
sequence?

The initial page faults occur when pages 1, 2, 3, and 4 are first loaded into
the empty frames. Specifically, the first four accesses-1, 2, 3, and 4—each
cause a page fault as the frames are initially empty.

How does the FIFO algorithm handle repeated page
accesses, such as multiple accesses to page 17

In FIFO, once a page is loaded into the frame, subsequent accesses to the
same page do not cause page faults, as the page is already in one of the
frames. Therefore, repeated accesses to page 1 after it has been loaded do
not generate additional page faults until it gets replaced.

Additional Resources

Understanding Page Replacement Algorithms Through a Practical Example



Introduction

In the realm of operating systems, memory management is a fundamental
component that ensures efficient utilization of limited resources. One
critical aspect of memory management involves page replacement algorithms,
which decide which pages to evict from memory when new pages need to be
loaded, especially when physical memory frames are full.

This review delves into a specific example: Suppose We Have The Following
Page Accesses: 1 2342341211314, with a total of three frames
available. By analyzing this scenario, we will explore different page
replacement algorithms, their behavior, and their effectiveness, providing
comprehensive insights into how these algorithms manage page faults and
optimize memory usage.

Understanding the Scenario

Before diving into algorithms, it's crucial to understand the problem setup:

- Page Access Sequence: 1, 2, 3, 4, 2, 3, 4,1, 2,1, 1, 3,1, 4
- Number of Frames: 3

This sequence represents the pages requested by processes over time. The
system has three frames of physical memory to hold pages. When a page is
requested:

- If the page is already in a frame (a page hit), no page fault occurs.
- If the page is not in the frames (a page fault), the system must load the
page, potentially replacing an existing page if all frames are occupied.

The goal is to analyze how different algorithms handle these page requests,
minimizing page faults and optimizing the use of frames.

Page Replacement Algorithms Explored

Several algorithms can govern page replacement decisions. The most common
are:

1. First-In-First-Out (FIFO)
2. Least Recently Used (LRU)
3. Optimal (OPT)



4. Clock (Second Chance)
5. Least Frequently Used (LFU)

In this review, we'll focus primarily on FIFO, LRU, and OPT, as they are
fundamental and illustrate crucial concepts.

First-In-First-0ut (FIFO)

Principle

FIFO operates on a simple queue basis: the oldest page in memory (the one
that was loaded first) is the first to be replaced when a page fault occurs
and memory is full.

Step-by-Step Analysis

Let's simulate FIFO with the given sequence:

| Step | Accessed Page | Frames | Page Fault? | Comments |

| 1] 1|1 | Yes | Load page 1 |

| 2 | 2| 12 | Yes | Load page 2 |

| 3 13| 123 | Yes | Load page 3 |

| 4 | 4 | 423 | Yes | Replace 1 (oldest) |
| 511 2| 42 3 | No | Page 2 hit |

| 6 | 3| 423 | No | Page 3 hit |

| 71 4] 423 | No | Page 4 hit |

| 8 1] 1 | 123 | Yes | Replace 4 (oldest) |
| 91 2| 123 | No | Page 2 hit |

| 106 | 1 | 1 2 3 | No | Page 1 hit |

| 11 | 1 | 1 2 3 | No | Page 1 hit |

| 12 | 3 | 1 2 3 | No | Page 3 hit |

| 13 | 1 | 1 2 3 | No | Page 1 hit |

| 14 | 4 | 4 2 3 | Yes | Replace 1 (oldest) |

Total Page Faults: 9

Advantages and Disadvantages of FIFO

- Advantages:

- Implementation simplicity.

- Easy to understand and code.

- Disadvantages:

- Does not consider page usage frequency or recency.



- Can lead to Belady's anomaly, where increasing frames may increase page
faults in some sequences.

- Can evict pages that are still frequently used, leading to suboptimal
performance.

Least Recently Used (LRU)

Principle

LRU replaces the page that has not been used for the longest time. It assumes
that pages used recently will likely be used again soon, thus trying to keep
recent pages in memory.

Step-by-Step Simulation

Let's perform an LRU analysis:

| Step | Accessed Page | Frames | Page Fault? | Updated Frames | Notes |
| -mmee R | =memeee | =memm e R REREEEEEE | --e -

-- |

| 1] 1|1 | Yes | 1 | Load page 1 |

| 2 | 2|12 | Yes | 12 | Load page 2 |

| 3 13| 123 ]| Yes | 123 | Load page 3 |

| 4 | 4| 423 | Yes | 4 2 3 | Replace 1 (least recently used) |
| 51 2| 423 | No | 423 | Page 2 hit |

| 6 | 3| 423 | No | 423 | Page 3 hit |

| 7| 4| 423 | No | 423 | Page 4 hit |

| 8 | 1| 123 ] Yes | 12 3 | Replace 4 (least recently used) |
| 91 2| 123 | No | 123 | Page 2 hit |

| 10 | 1 | 123 | No | 12 3 | Page 1 hit |

| 11 | 1 | 123 | No | 12 3 | Page 1 hit |

| 12 ] 3 | 123 | No | 12 3 | Page 3 hit |

| 13 | 1 | 123 | No | 123 | Page 1 hit |

| 14 | 4 | 4 2 3 | Yes | 4 2 3 | Replace 1 (least recently used) |

Total Page Faults: 7

Advantages and Disadvantages of LRU

- Advantages:

- More realistic as it considers recent usage.

- Generally results in fewer page faults than FIFO.

- Disadvantages:

- Implementation complexity: requires tracking usage order.



- Can be costly if implemented naively (e.g., using counters or stacks).
- Still not perfect; certain sequences can still cause suboptimal behavior.

Optimal (OPT) Algorithm

Principle

The OPT algorithm replaces the page that will not be used for the longest
time in the future. It's considered the ideal algorithm because it minimizes
page faults for a given sequence, but it requires future knowledge, which is
often unavailable in real systems.

Simulation of OPT

Using the sequence:

| Step | Accessed Page | Frames | Page Fault? | Replacement Decision |
Updated Frames | Notes |

| 1] 1|1 | Yes | -] 1 | Load page 1 |

| 2 | 2|12 | Yes | -] 12 | Load page 2 |

| 313|123 ]| Yes | -] 123 | Load page 3 |

| 4 | 4| 42 3 | Yes | Replace page 1 (not used again) | 4 2 3 | 1 not in
future |

| 512|423 | No| -] 423 | Page 2 hit |

|

Suppose We Have The Following Page Accesses 12342341
211314 And That There Are Three Frames

Suppose We Have The Following Page Accesses 1 2342341211314 And That There Are Three
Frames
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