
 

 

  

 

 

 

 

 

VIRTUAL MEMORY- A storage allocation scheme in which secondary 

memory can be addressed as though it were part of main memory.  

 

 

 

 

 

 

 

 

 

 

 

 

The addresses a program may use to reference memory are distinguished 

from the addresses the memory system uses to identify physical storage 

sites, and program-generated addresses are translated automatically to the 

corresponding machine addresses. The size of virtual storage is limited by 

the addressing scheme of the computer system and by the amount of 

secondary memory available and not by the actual number of main storage 

locations.  
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 Virtual address- The address assigned to a location in virtual 

memory to allow that location to be accessed as though it were part of 

main memory. 

 Virtual address space -The virtual storage assigned to a process. 

 Address space- The range of memory addresses available to a 

process.  

 Real address -The address of a storage location in main memory.  

Physical addresses refer to hardware addresses of physical memory. 

Virtual addresses refer to the Virtual store viewed by the process.  Virtual 

addresses might be the same as physical addresses. Might be different, in 

which case virtual addresses must be mapped into physical addresses. 

Mapping is done by Memory Management Unit (MMU). Virtual space is 

limited by size of virtual addresses (not physical addresses) Virtual space 

and physical memory space are independent. The main visible advantage 

of this scheme is that programs can be larger than physical memory. 

Virtual memory serves two purposes. First, it allows us to extend the use 

of physical memory by using disk. Second, it allows us to have memory 

protection, because each virtual address is translated to a physical address. 

Following are the situations, when entire program is not required to be 

loaded fully in main memory. User written error handling routines are 

used only when an error occurred in the data or computation. Certain 

options and features of a program may be used rerly. Many tables are 

assigned a fixed amount of address space even though only a small 

amount of the table is actually used. The ability to execute a program that 

is only partially in memory would counter many benefits. Less number of 

I/O would be needed to load or swap each user program into memory. A 

program would no longer be constrained by the amount of physical 

memory that is available.  
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Properties 

Virtual memory makes application programming easier by 

hiding fragmentation of physical memory; by delegating to the kernel the 

burden of managing the memory hierarchy (eliminating the need for the 

program to handle overlays explicitly); and, when each process is run in 

its own dedicated address space, by obviating the need to 

relocate program code or to access memory with relative addressing. 

Memory virtualization can be considered a generalization of the concept 

of virtual memory. 

Virtual memory is powerful. Virtual memory gives applications powerful 

capabilities to create and destroy   of memory, map   of memory to 

portions of disk files, and share memory with other processes. For 

example, did you know that you can read or modify the contents of a disk 

file by reading and writing memory locations? Or that you can load the 

contents of a file into memory without doing any explicit copying? 

Understanding virtual memory will help you harness its powerful 

capabilities in your applications.  

Usage 

Virtual memory is central. Virtual memory pervades all levels of 

computer systems, playing key roles in the design of hardware exceptions, 

assemblers, linkers, loaders, shared objects, files, and processes. 

Understanding virtual memory will help you better understand how 

systems work in general. 
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Modern microprocessors intended for general-purpose use, a memory 

management unit, or MMU, is built into the hardware. The MMU's job is 

to translate virtual addresses into physical addresses. Virtual memory is 

commonly implemented by demand paging. It can also be implemented 

in a segmentation system. Demand segmentation can also be used to 

provide virtual memory. 

 

 

 

 

 

 

 

 

 

 

Demand Paging 

A demand paging system is quite similar to a paging system with 

swapping where processes reside in secondary memory and pages are 

loaded only on demand, not in advance.  
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When a context switch occurs, the operating system does not copy any of 

the old program’s pages out to the disk or any of the new program’s pages 

into the main memory Instead, it just begins executing the new program 

after loading the first page and fetches that program’s pages as they are 

referenced. While executing a program, if the program references a page 

which is not available in the main memory because it was swapped out a 

little ago, the processor treats this invalid memory reference as a page 

fault and transfers control from the program to the operating system to 

demand the page back into the memory. 

Demand Paging Optimizations 

Swap space I/O faster than file system I/O even if on the same device 

•  Swap allocated in larger chunks, less management needed than file 

system 

•  Copy entire process image to swap space at process load time 

  Then page in and out of swap space 

 Used in older BSD Unix 

•  Demand page in from program binary on disk, but discard rather 

than paging  

• out when freeing frame 

 Used in Solaris and current BSD 

  Still need to write to swap space 

• Pages not associated with a file (like stack and heap) – anonymous 

memory 

•  Pages modified in memory but not yet written back to the file 

system 

•  Mobile systems 

  Typically don’t support swapping 

  Instead, demand page from file system and reclaim read-only pages 

(such as code) 
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Inverted Page tables 

Inverted Page tables are sorted in order of frame number but the memory 

look-up takes place with respect to the virtual address, so, it usually takes 

a longer time to find the appropriate entry but often these page tables are 

implemented using hash data structures for a faster lookup. 

 

 

 

 

 

 

 

 

 

Each page table entry 

Each page table entry (PTE) holds the mapping between a virtual 

address of a page and the address of a physical frame. There is also 

auxiliary information about the page such as a present bit, a dirty or 

modified bit, address space or process ID information, amongst others. 
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Page Size 

The idea behind virtual memory is that physical memory is divided into 

fixed size pages. Pages are typically 512 to 8192 bytes, with 4096 being a 

typical value. Page size is virtually always a power of two, for reasons to 

be explained below. Loadable modules are also divided into a number 

of page frames. Page frames are always the same size as the pages in 

memory. 

Example Page Sizes 

1. Computer     Page Size  

2. Atlas     512 48-bit words  

3. Honeywell-Multics   1024 36-bit words  

4. IBM      370/XA and 370/ESA 4 Kbytes  

5. VAX family    512 bytes  

6. IBM AS/400    512 bytes  

7. DEC Alpha    8 Kbytes  

8. MIPS     4 Kbytes to 16 Mbytes  

9. UltraSPARC    8 Kbytes to 4 Mbytes  

10. Pentium     4 Kbytes or 4 Mbytes  

11. IBM POWER    4 Kbytes  

12. Itanium     4 Kbytes to 256 Mbytes 
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Segmentation 

Segmentation is a virtual process that creates variable-sized address 

spaces in computer storage for related data, called segments. This process 

speed retrieval. Managing computer memory is a basic operating system 

function -- both paging and segmentation are basic functions of the OS. 

 

 

 

 

 

 

 

 

 

Each segment stores the processes primary function, data structures, and 

utilities. The CPU keeps a segment map table for every process and 

memory blocks, along with segment identification and memory locations. 

The CPU generates virtual addresses for running processes. Segmentation 

translates the CPU-generated virtual addresses into physical addresses 

that refer to a unique physical memory location. The translation is not 

strictly one-to-one: different virtual addresses can map to the same 

physical address. Some modern computers use a function called 

segmented paging. Main memory is divided into variably-sized segments, 

which are then divided into smaller fixed-size pages on disk. Each 

segment contains a page table, and there are multiple page tables per 

process. Each of the tables contains information on every segment page,  
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while the segment table has information about every segment. Segment 

tables are mapped to page tables, and page tables are mapped to individual 

pages within a segment. Advantages include less memory usage, more 

flexibility on page sizes, simplified memory allocation, and an additional 

level of data access security over paging.  

 

Virtual Memory Policies 

• Need to decide on: 

 Fetch policy 

 Placement policy 

 Replacement policy 

 Resident Set Management 

 Load Control 

Linux Virtual Memory 
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Virtual Memory Addressing Linux makes use of a three-level page table 

structure, consisting of the following types of tables (each individual table 

is the size of one page): 

 • Page directory: An active process has a single page directory that is 

the size of one page. Each entry in the page directory points to one page 

of the page middle directory. The page directory must be in main memory 

for an active process.  

• Page middle directory: The page middle directory may span multiple 

pages. Each entry in the page middle directory points to one page in the 

page table.  

• Page table: The page table may also span multiple pages. Each page 

table entry refers to one virtual page of the process. 

Windows memory management 

The Windows virtual memory manager controls how memory is allocated 

and how paging is performed. The memory manager is designed to operate 

over a variety of platforms and use page sizes ranging from 4 Kbytes to 64 

Kbytes. Intel and AMD64 platforms have 4096 bytes per page and Intel 

Itanium platforms have 8192 bytes per page.  

Lecture 9 

Virtual Memory 


