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When working with memory management in computer systems, understanding how
addresses are translated into page numbers and offsets is fundamental.
Assuming a page size of 1 kilobyte (KB), which equals 1024 bytes, the process
involves dividing a given memory address into two components: the page number
(p) and the offset within that page (d). This knowledge is crucial for
designing efficient virtual memory systems, managing page tables, and
optimizing memory access patterns. In this article, we will explore how to
determine the page number and offset for any given address, with detailed
explanations, formulas, and examples to clarify these concepts.

Understanding Memory Addresses and Paging

Before diving into calculations, it’s essential to understand what memory
addresses, pages, and offsets are.

Memory Addresses
- A memory address is a unique identifier that specifies a particular byte in
the system’s main memory.
- Addresses can be represented in various formats, such as binary,
hexadecimal, or decimal.
- For example, an address might look like 0x1A3F or 6703 in decimal.

Paging in Memory Management
- Paging is a memory management scheme that eliminates the need for
contiguous allocation of physical memory.
- Memory is divided into fixed-size blocks called pages in virtual memory and
frames in physical memory.
- Each page has a unique page number, and each byte within a page has an
offset from the start of that page.

Defining the Page Size and Its Implication



Given a page size of 1 KB (1024 bytes):

Implications of a 1 KB Page Size
- The page size determines how many bytes are contained in a single page.
- Since 1 KB = 1024 bytes, each page spans 1024 addresses.
- The page size influences the number of bits needed to represent the offset
within a page.

Calculating the Number of Offset Bits
- To find how many bits are needed for the offset, compute \(\log_2\) of the
page size.
- For 1024 bytes:
- \(\log_2(1024) = 10\)
- Therefore, 10 bits are required to represent the offset within a page.

Dividing an Address into Page Number and Offset

Given a system with a page size of 1024 bytes, any memory address can be
split into:

- Page Number (p): Identifies which page the address belongs to.
- Offset (d): Specifies the exact byte within that page.

The division process involves:

1. Extracting the lower bits (corresponding to the offset).
2. Extracting the higher bits (corresponding to the page number).

Mathematical Representation

- Let \(A\) be the total address.
- The page size in bytes is \(2^{10}\).
- The offset \(d = A \bmod 1024\) (or \(A \bmod 2^{10}\)).
- The page number \(p = \lfloor A / 1024 \rfloor\) (or \(A \div 2^{10}\)).

Alternatively, in binary:

- The address \(A\) can be viewed as a binary number.
- The lower 10 bits of \(A\) represent the offset \(d\).
- The remaining higher bits represent the page number \(p\).



Step-by-Step Calculation Example

Let’s consider a specific address to demonstrate how to find the page number
and offset.

Example Address 1: 0x1A3F (in hexadecimal)

Step 1: Convert hexadecimal to decimal.

- 0x1A3F = (1 \(\times\) 16^3) + (10 \(\times\) 16^2) + (3 \(\times\) 16^1) +
(15 \(\times\) 16^0)
- = (1 \(\times\) 4096) + (10 \(\times\) 256) + (3 \(\times\) 16) + 15
- = 4096 + 2560 + 48 + 15
- = 4719

Step 2: Calculate page number \(p\).

- \(p = \lfloor 4719 / 1024 \rfloor\)
- \(p = \lfloor 4.605 \rfloor = 4\)

Step 3: Calculate offset \(d\).

- \(d = 4719 \bmod 1024\)
- \(d = 4719 - (p \times 1024) = 4719 - (4 \times 1024) = 4719 - 4096 = 623\)

Result:

- Page Number (p): 4
- Offset (d): 623 bytes

Example Address 2: 0x3FF (in hexadecimal)

Step 1: Convert to decimal.

- 0x3FF = (3 \(\times\) 16^2) + (15 \(\times\) 16^1) + 15
- = 768 + 240 + 15 = 1023

Step 2: Calculate page number \(p\).

- \(p = \lfloor 1023 / 1024 \rfloor = 0\)

Step 3: Calculate offset \(d\).

- \(d = 1023 \bmod 1024 = 1023\)

Result:



- Page Number (p): 0
- Offset (d): 1023 bytes

Generalized Approach for Any Address

The process described above can be generalized for any address:

1. Convert the address to decimal if necessary.
2. Use integer division to find the page number:

\[
p = \lfloor \frac{A}{1024} \rfloor
\]

3. Use modulus to find the offset within the page:

\[
d = A \bmod 1024
\]

This method applies universally, regardless of whether the address is given
in hexadecimal, decimal, or binary, as long as the conversion is performed
correctly.

Implications for Operating System and Hardware
Design

Understanding the division of addresses into page numbers and offsets is
critical for designing efficient operating systems and hardware components.

Page Tables
- The page table maps page numbers to physical frame addresses.
- During memory access, the system uses the page number to look up the frame
location.

Memory Access Time
- Knowing the offset allows quick access within the page.
- Combining the page table lookup with the offset retrieval optimizes memory
access times.



Address Translation
- The translation from virtual to physical addresses involves extracting the
page number and offset.
- Hardware components like the Memory Management Unit (MMU) perform these
calculations rapidly to facilitate efficient address translation.

Practical Applications and Considerations

In real-world systems, several practical considerations influence how
addresses are processed.

Address Width
- The total number of address bits depends on the system architecture (e.g.,
32-bit or 64-bit systems).
- The number of pages is determined by the total address space divided by
page size.

Example: 32-bit Address Space
- Total addresses: \(2^{32}\) (about 4 GB).
- Number of pages: \(\frac{2^{32}}{1024} = 2^{22}\) pages.
- Page number bits: 22 bits.
- Offset bits: 10 bits (since page size is 1024 bytes).

Page Number and Offset Bits Distribution
- For a 32-bit address, the bits are divided as follows:
- [Page Number bits][Offset bits]
- 22 bits for page number.
- 10 bits for offset.

Conclusion

Understanding how to determine the page number and offset for a given
address, especially with a page size of 1024 bytes, is fundamental in systems
programming, operating system design, and hardware architecture. By dividing
the address into these two components, systems can efficiently manage memory,
implement virtual memory schemes, and optimize performance. Whether working
with addresses in hexadecimal, decimal, or binary, the principles remain
consistent: use integer division and modulus operations based on the page
size to extract the page number and offset. Mastery of these concepts enables
better system design and contributes to the development of efficient,



reliable computing systems.

Frequently Asked Questions

How do you determine the page number (p) and offset
(d) for a given address when the page size is 1 KB?
To find the page number (p) and offset (d), divide the address by the page
size (1024 bytes). The quotient gives the page number, and the remainder is
the offset within that page.

What is the formula to calculate the page number (p)
for a given address with a 1 KB page size?
Page number p = floor(Address / 1024).

How do you compute the offset (d) within a page for
a specific address?
Offset d = Address mod 1024, which is the remainder after dividing the
address by 1024.

If the address is 3000 bytes, what is the page
number and offset assuming a 1 KB page size?
Page number p = 3000 / 1024 = 2 (integer division), Offset d = 3000 mod 1024
= 952 bytes.

Why is understanding page number and offset
important in memory management?
It allows operating systems and hardware to efficiently locate and access
data within memory, enabling virtual memory management and ensuring proper
translation from virtual to physical addresses.

For an address of 4096 bytes, what are the page
number and offset with a 1 KB page size?
Page number p = 4096 / 1024 = 4, Offset d = 4096 mod 1024 = 0 bytes.

How does increasing the page size affect the number
of pages and the calculation of p and d?
Increasing the page size reduces the total number of pages needed to cover



the address space, and affects p and d by changing the divisor in
calculations, leading to larger offsets within each page.

Additional Resources
Assuming A 1-kb (1024 Bytes) Page Size, What Is The Page Number (p) And
Offset (d) For The Following Address

In the realm of computer architecture and operating system design,
understanding how memory is segmented and accessed is fundamental. Page
addressing, in particular, plays a pivotal role in efficient memory
management, virtual memory implementation, and overall system performance.
When discussing page-based memory systems, the concepts of page size, page
number (p), and offset within the page (d) become central to understanding
how addresses are translated and managed. This article delves into the
specifics of these concepts, focusing on a scenario where the page size is 1
kilobyte (1 KB or 1024 bytes). Through detailed explanations, practical
examples, and analytical insights, we aim to provide a comprehensive
understanding of how to determine the page number and offset for given
addresses under this configuration.

---

Understanding Memory Addressing and Paging
Concepts

Before diving into calculations, it's essential to grasp the foundational
concepts underpinning paging systems.

What Is a Memory Address?

A memory address is a unique identifier for a specific byte in a computer's
main memory. It allows the CPU and operating system to locate and access data
efficiently. Addresses are typically represented as numerical values, and
their size depends on the architecture (e.g., 32-bit or 64-bit systems).

Virtual vs. Physical Memory

- Physical Memory: Actual RAM installed in the system.
- Virtual Memory: An abstraction that allows processes to use addresses
independent of physical memory, managed via paging and mapping mechanisms.



Paging and Its Purpose

Paging is a memory management scheme that divides virtual memory into fixed-
size blocks called pages. Similarly, physical memory is divided into frames
of the same size. This system simplifies memory allocation, isolation, and
swapping between RAM and storage.

Key benefits include:

- Simplified memory management
- Isolation between processes
- Efficient use of physical memory
- Support for virtual memory and larger address spaces

Components of a Virtual Address in a Paging System

In a typical paging system, a virtual address is split into two parts:

- Page Number (p): Identifies which page the address belongs to.
- Offset (d): Specifies the exact byte within that page.

This division facilitates easy translation from virtual to physical addresses
through page tables.

---

The Significance of Page Size

The page size determines how large each page is in memory. In our scenario,
the page size is 1 KB (1024 bytes). This fixed size impacts how addresses are
broken down into page number and offset.

Implications of page size:

- The number of bits needed for the offset depends on the page size.
- Smaller pages mean more pages for the same address space, leading to larger
page tables.
- Larger pages reduce the number of pages but may cause internal
fragmentation.

---



Calculating the Page Number (p) and Offset (d)
for a Given Address

The fundamental task when analyzing a particular address is to determine:

1. Page Number (p): Which page does this address belong to?
2. Offset (d): The specific byte position within that page.

Given Data:

- Page size = 1024 Bytes (1 KB)
- Address in question: [Insert specific address here]

Note: Since the user prompt doesn't specify particular addresses, the
subsequent sections will include examples with sample addresses to illustrate
the process.

---

Step-by-Step Calculation Methodology

The process of deriving page number and offset involves simple division and
modulo operations.

1. Convert Address to Numerical Form

Addresses are often presented in decimal or hexadecimal. For clarity, both
formats are explained.

2. Determine the Offset (d)

The offset is the position within the page. It can be calculated as:

\[
d = \text{Address} \mod \text{Page Size}
\]

This gives the byte offset within the page.

3. Determine the Page Number (p)

The page number indicates which page the address points to and is calculated
as:

\[
p = \left\lfloor \frac{\text{Address}}{\text{Page Size}} \right\rfloor
\]



This quotient indicates the page index starting from zero.

---

Practical Examples

To illustrate, consider several sample addresses:

---

Example 1: Address 0x1A3 (Hexadecimal)

Step 1: Convert hexadecimal to decimal:

0x1A3 = (1 × 16^2) + (10 × 16^1) + (3 × 16^0)
= (1 × 256) + (10 × 16) + 3
= 256 + 160 + 3 = 419

Step 2: Calculate offset:

\[
d = 419 \mod 1024 = 419
\]

Since 419 < 1024, the offset is 419 bytes within the page.

Step 3: Calculate page number:

\[
p = \left\lfloor \frac{419}{1024} \right\rfloor = 0
\]

Result:
- Page Number (p): 0
- Offset (d): 419 bytes

This address is in page 0, offset 419.

---

Example 2: Address 0x3FF (Hexadecimal)

Step 1: Convert to decimal:

0x3FF = (3 × 256) + (15 × 16) + 15



= 768 + 240 + 15 = 1023

Step 2: Offset:

\[
d = 1023 \mod 1024 = 1023
\]

Step 3: Page number:

\[
p = \left\lfloor \frac{1023}{1024} \right\rfloor = 0
\]

Result:
- Page Number: 0
- Offset: 1023 bytes

This address resides in page 0, 1023rd byte.

---

Example 3: Address 0x400 (Hexadecimal)

Step 1: Convert to decimal:

0x400 = (4 × 256) + 0 + 0 = 1024

Step 2: Offset:

\[
d = 1024 \mod 1024 = 0
\]

Step 3: Page number:

\[
p = \left\lfloor \frac{1024}{1024} \right\rfloor = 1
\]

Result:
- Page Number: 1
- Offset: 0 bytes

This indicates that address 0x400 is the first byte of page 1.

---



Implications of These Calculations in System
Design

Understanding the relationship between addresses, page numbers, and offsets
has several practical implications:

- Memory Management: Operating systems use these calculations to map virtual
addresses to physical frames.
- Page Table Indexing: The page number often indexes into page tables to
retrieve frame addresses.
- Efficient Address Translation: Quick division and modulo operations enable
rapid address translation, critical for high-performance computing.
- Fragmentation and Allocation: Smaller or larger pages influence how memory
is allocated and how fragmentation occurs.

---

Addressing Larger Address Spaces

In modern systems, addresses are typically 32-bit or 64-bit, which
significantly increases the addressable space. The number of bits needed to
represent a page number and offset depends on the total address size and page
size.

For a 32-bit Address Space with 1 KB Pages:

- Total addresses: \( 2^{32} \)
- Number of pages: \( 2^{32} / 1024 = 2^{22} \) pages
- Bits for offset: \( \log_2 1024 = 10 \) bits
- Bits for page number: \( 32 - 10 = 22 \) bits

This bit partitioning allows efficient hardware and software management of
addresses.

---

Conclusion and Final Remarks

In summary, when working with a paging system that uses a 1 KB (1024 bytes)
page size, determining the page number and offset for any given address is
straightforward once the principles are understood. By dividing the address
by the page size, we find the page number, and by calculating the remainder,
we identify the offset within that page. This process is foundational to
virtual memory management, address translation, and overall system
performance.



Understanding these concepts enhances our comprehension of how operating
systems efficiently manage large address spaces, allocate memory dynamically,
and ensure process isolation. As computing systems evolve with increasing
address spaces and more sophisticated memory management techniques, mastering
these fundamental calculations remains essential for computer architects, OS
developers, and systems programmers alike.

---

In essence, whether analyzing a simple address in a small embedded system or
managing vast address spaces in modern servers, the principles of page number
and offset calculation centered around the page size remain universally
applicable, underpinning the seamless operation of contemporary computing
environments.
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