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After going through entire unit one of the prescribed course students will be able to learn the 

theoretical insight of the topics. This course module is section based and chronologically topics 

are touched in each section. Students are advised to practice coding/programs given in each 

section.*Any left out concept in this unit will be covered next in continuation.   

  

Section 1: 

Memory Management Requirements 

While surveying the various mechanisms and policies associated with memory 

management, it is helpful to keep in mind the requirements that memory management 

is intended to satisfy. Below is given five requirements: 

 Relocation 

 Protection 

 Sharing 

 Logical organization 

 Physical organization 

1.1. Relocation 

In a multiprogramming system, the available main memory is generally shared 

among a number of processes. Typically, it is not possible for the programmer to 

know in advance which other programs will be resident in main memory at the time 

of execution of his or her program. In addition, we would like to be able to swap 

active processes in and out of main memory to maximize processor utilization by 

providing a large pool of ready processes to execute. Once a program has been 

swapped out to disk, it would be quite limiting to declare that when it is next swapped 

back in, it must be placed in the same main memory region as before. Instead, we 

may need to relocate the process to a different area of memory. 
 

1.2. Protection 

Each process should be protected against unwanted interference by other processes, 

whether accidental or intentional. Thus, programs in other processes should not be 

able to reference memory locations in a process for reading or writing purposes 

without permission. In one sense, satisfaction of the relocation requirement increases 

the difficulty of satisfying the protection requirement. Because the location of a 

program in main memory is unpredictable, it is impossible to check absolute 

addresses at compile time to assure protection. Furthermore, most programming 
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languages allow the dynamic calculation of addresses at run time (for example, by 

computing an array subscript or a pointer into a data structure). Hence all memory 

references generated by a process must be checked at run time to ensure that they 

refer only to the memory space allocated to that process. Fortunately, we shall see 

that mechanisms that support relocation also support the protection requirement. Note 

that the memory protection requirement must be satisfied by the processor (hardware) 

rather than the operating system (software) 
 

1.3. Sharing 

Any protection mechanism must have the flexibility to allow several processes to 

access the same portion of main memory. For example, if a number of processes are 

executing the same program, it is advantageous to allow each process to access the 

same copy of the program rather than have its own separate copy. Processes that are 

cooperating on some task may need to share access to the same data structure. The 

memory management system must therefore allow controlled access to shared areas 

of memory without compromising essential protection. Again, we will see that the 

mechanisms used to support relocation support sharing capabilities. 
 

1.4. Logical Organization 

Almost invariably, main memory in a computer system is organized as a linear, or 

one-dimensional, address space, consisting of a sequence of bytes or words. 

Secondary memory, at its physical level, is similarly organized.While this 

organization closely mirrors the actual machine hardware, it does not correspond to 

the way in which programs are typically constructed. Most programs are organized 

into modules, some of which are unmodifiable (read only, execute only) and some of 

which contain data that may be modified. If the operating system and computer 

hardware can effectively deal with user programs and data in the form of modules of 

some sort, then a number of advantages can be realized: 

1. Modules can be written and compiled independently, with all references from 

one module to another resolved by the system at run time.  

2. With modest additional overhead, different degrees of protection (read 

only, execute only) can be given to different modules. 

3. It is possible to introduce mechanisms by which modules can be shared among 

processes. The advantage of providing sharing on a module level is that this 

corresponds to the user’s way of viewing the problem, and hence it is easy for 

the user to specify the sharing that is desired. 
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1.5. Physical Organization 

Main memory provides fast access at relatively high cost. In addition, main memory 

is volatile; that is, it does not provide permanent storage. Secondary memory is 

slower and cheaper than main memory and is usually not volatile. Thus secondary 

memory of large capacity can be provided for long-term storage of programs and 

data,while a smaller main memory holds programs and data currently in use. In this 

two-level scheme, the organization of the flow of information between main and 

secondary memory is a major system concern. The responsibility for this flow could 

be assigned to the individual programmer, but this is impractical and undesirable for 

two reasons: 

1. The main memory available for a program plus its data may be insufficient. In 

that case, the programmer must engage in a practice known as overlaying, in 

which the program and data are organized in such a way that various modules 

can be assigned the same region of memory, with a main program responsible 

for switching the modules in and out as needed. Even with the aid of compiler 

tools, overlay programming wastes programmer time. 

 

2. In a multiprogramming environment, the programmer does not know at the 

time of coding how much space will be available or where that space will be. 

It is clear, then, that the task of moving information between the two levels 

of memory should be a system responsibility. This task is the essence of 

memory management. 
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Section 2:  

Memory Partitioning 

The principal operation of memory management is to bring processes into main 

memory for execution by the processor. In almost all modern multiprogramming 

systems, this involves a sophisticated scheme known as virtual memory. Virtual 

memory is, in turn, based on the use of one or both of two basic techniques: 

segmentation and paging. Before we can look at these virtual memory techniques, 

we must prepare the ground by looking at simpler techniques that do not involve 

virtual memory. 

 
2.1. Fixed Partitioning 

In most schemes for memory management, we can assume that the operating system 

occupies some fixed portion of main memory and that the rest of main memory is 

available for use by multiple processes. The simplest scheme for managing this 

available memory is to partition it into regions with fixed boundaries. 

 

2.1.1 Partition Sizes  

Figure 2.1.1 shows examples of two alternatives for fixed partitioning. One 

possibility is to make use of equal-size partitions. In this case, any process whose 

size is less than or equal to the partition size can be loaded into any available partition. 

If all partitions are full and no process is in the Ready or Running state, the operating 

system can swap a process out of any of the partitions and load in another process, 

so that there is some work for the processor. There are two difficulties with the use 

of equal-size fixed partitions: 

•  A program may be too big to fit into a partition. In this case, the programmer 

must design the program with the use of overlays so that only a portion of the 

program need be in main memory at any one time.When a module is needed 

that is not present, the user’s program must load that module into the program’s 

partition, overlaying whatever programs or data are there. 

 

•   Main memory utilization is extremely inefficient.Any program, no matter how 

small, occupies an entire partition. In our example, there may be a program 

whose length is less than 2 Mbytes; yet it occupies an 8-Mbyte partition whenever 

it is swapped in.This phenomenon, in which there is wasted space internal 

to a partition due to the fact that the block of data loaded is smaller than the 

partition, is referred to as internal fragmentation. 

Both of these problems can be lessened, though not solved, by using unequal size 
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partitions (Figure 2.1.1b). In this example, programs as large as 16 Mbytes can be 

accommodated without overlays. Partitions smaller than 8 Mbytes allow smaller 

programs to be accommodated with less internal fragmentation. 
 

 

 

 
 

 

Figure 2.1.1. Example of Fixed Partitioning of a 64-Mbyte Memory 
 

2.2. Dynamic Partitioning 

 

To overcome some of the difficulties with fixed partitioning, an approach known as 

dynamic partitioning was developed. Again, this approach has been supplanted by 

more sophisticated memory management techniques. With dynamic partitioning, the 

partitions are of variable length and number.When a process is brought into main 

memory, it is allocated exactly as much memory as it requires and no more. An 

example, using 64 Mbytes of main memory, is shown in Figure 2.2. Initially, main 

memory is empty, except for the operating system (a).The first three processes are 

loaded in, starting where the operating system ends and occupying just enough space 

for each process (b, c, d).This leaves a “hole” at the end of memory that is too small 
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for a fourth process. At some point, none of the processes in memory is ready. The 

operating system swaps out process 2 (e), which leaves sufficient room to load a new 

process, process 4 (f). Because process 4 is smaller than process 2, another small hole 

is created. Later, a point is reached at which none of the processes in main memory 

is ready, but process 2, in the Ready-Suspend state, is available. Because there is 

insufficient room in memory for process 2, the operating system swaps process 1 out 

(g) and swaps process 2 back in (h). 

As this example shows, this method starts out well, but eventually it leads to a 

situation in which there are a lot of small holes in memory. As time goes on, memory 

becomes more and more fragmented, and memory utilization declines. This 

phenomenon is referred to as external fragmentation, indicating that the memory 

that is external to all partitions becomes increasingly fragmented. This is in contrast 

to internal fragmentation, referred to earlier. 

One technique for overcoming external fragmentation is compaction: From time to 

time, the operating system shifts the processes so that they are contiguous and so that 

all of the free memory is together in one block. The difficulty with compaction is that 

it is a time consuming procedure and wasteful of processor time. Note that 

compaction implies the need for a dynamic relocation capability. That is, it must be 

possible to move a program from one region to another in main memory without 

invalidating the memory references in the program. 

 
 

Figure 2.2  The Effect of Dynamic Partitioning 
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2.3. Buddy System 

Both fixed and dynamic partitioning schemes have drawbacks. A fixed partitioning 

scheme limits the number of active processes and may use space inefficiently if there 

is a poor match between available partition sizes and process sizes.A dynamic 

partitioning scheme is more complex to maintain and includes the overhead of 

compaction.In a buddy system, memory blocks are available of size 2K words, 

 L< K< U, where 

2L = smallest size block that is allocated 

2U = largest size block that is allocated; generally 2U is the size of the 

        entire memory available for allocation 

To begin, the entire space available for allocation is treated as a single block of 

size 2U. If a request of size s such that 2U-1 < s <2U is made, then the entire block is 

allocated. Otherwise, the block is split into two equal buddies of size 2U-1. If 2U-2 < 

s<2U-1, then the request is allocated to one of the two buddies. Otherwise, one of the 

buddies is split in half again.This process continues until the smallest block greater 

than or equal to s is generated and allocated to the request. At any time, the buddy 

system maintains a list of holes (unallocated blocks) of each size 2i. 
 

2.4. Relocation 

A logical address is a reference to a memory location independent of the current 

assignment of data to memory; a translation must be made to a physical address 

before the memory access can be achieved.A relative address is a particular 

example of logical address, in which the address is expressed as a location relative to 

some known point, usually a value in a processor register. A physical address, or 

absolute address, is an actual location in main memory. Programs that employ 

relative addresses in memory are loaded using dynamic run-time loading.Typically, 

all of the memory references in the loaded process are relative to the origin of the 

program. Thus a hardware mechanism is needed for translating relative addresses to 

physical main memory addresses at the time of execution of the instruction that 

contains the reference. 

Figure 2.4. shows the way in which this address translation is typically accomplished. 

When a process is assigned to the Running state, a special processor register, 

sometimes called the base register, is loaded with the starting address in main 

memory of the program. There is also a “bounds” register that indicates the ending 

location of the program; these values must be set when the program is loaded into 

memory or when the process image is swapped in. During the course of execution of 

the process, relative addresses are encountered. These include the contents of the 

instruction register, instruction addresses that occur in branch and call instructions, 

and data addresses that occur in load and store instructions. Each such relative 

address goes through two steps of manipulation by the processor. First, the value in 
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the base register is added to the relative address to produce an absolute address. 

Second, the resulting address is compared to the value in the bounds register. If the 

address is within bounds, then the instruction execution may proceed. Otherwise, an 

interrupt is generated to the operating system, which must respond to the error in 

some fashion. 

The scheme of Figure 2.4. allows programs to be swapped in and out of memory 

during the course of execution. It also provides a measure of protection: Each process 

image is isolated by the contents of the base and bounds registers and safe from 

unwanted accesses by other processes. 

 

 
 

Figure 2.4  Hardware Support for Relocation 
 
 
 
 
 
 
 
 
 
 
 



  

 

Page 12 of 30 
Copyright  2020 by DIT Central University of Kashmir. All rights reserved.  

CENTRAL UNIVERSITY O F KASHMIR   

[       OPERATING SYSTEMS ]     
  Unit III   

 

Section 3:  

Paging and Segmentation 

3.1. Paging 

Both unequal fixed-size and variable-size partitions are inefficient in the use of 

memory; the former results in internal fragmentation, the latter in external 

fragmentation. Suppose, however, that main memory is partitioned into equal fixed-

size chunks that are relatively small, and that each process is also divided into small 

fixed-size chunks of the same size. Then the chunks of a process, known as pages, 

could be assigned to available chunks of memory, known as frames,or page frames. 

We show in this section that the wasted space in memory for each process is due to 

internal fragmentation consisting of only a fraction of the last page of a process.There 

is no external fragmentation. 

Figure 3.1. illustrates the use of pages and frames. At a given point in time, 

some of the frames in memory are in use and some are free. A list of free frames is 

maintained by the operating system. Process A stored on disk, consists of four 

pages.When it comes time to load this process, the operating system finds four free 

frames and loads the four pages of process A into the four frames (Figure 3.1.b). 

Process B, consisting of three pages, and process C, consisting of four pages, are 

subsequently loaded.Then process B is suspended and is swapped out of main 

memory. Later, all of the processes in main memory are blocked, and the operating 

system needs to bring in a new process, process D, which consists of five pages. 

 Now suppose, as in this example, that there are not sufficient unused 

contiguous frames to hold the process. Does this prevent the operating system from 

loading D? The answer is no, because we can once again use the concept of logical 

address. A simple base address register will no longer suffice. Rather, the operating 

system maintains a page table for each process.The page table shows the frame 

location for each page of the process.Within the program, each logical address 

consists of a page number and an offset within the page. Recall that in the case of 

simple partition, a logical address is the location of a word relative to the beginning 

of the program; the processor translates that into a physical address.With paging, the 

logical-to-physical address translation is still done by processor hardware. Now the 

processor must know how to access the page table of the current process. Presented 

with a logical address (page number, offset), the processor uses the page table to 

produce a physical address (frame number, offset). 
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Figure 3.1 Assignment of Process to Free Frames 

 

To summarize, with simple paging, main memory is divided into many small equal-

size frames. Each process is divided into frame-size pages; smaller processes require 

fewer pages, larger processes require more.When a process is brought in, all of its 

pages are loaded into available frames, and a page table is set up.This approach solves 

many of the problems inherent in partitioning. 

 

3.2. Segmentation 

A user program can be subdivided using segmentation, in which the program and its 

associated data are divided into a number of segments. It is not required that all 

segments of all programs be of the same length, although there is a maximum 

segment length. As with paging, a logical address using segmentation consists of two 

parts, in this case a segment number and an offset. Because of the use of unequal-

size segments, segmentation is similar to dynamic partitioning. In the absence of an 
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overlay scheme or the use of virtual memory, it would be required that all of a 

program’s segments be loaded into memory for execution. The difference, compared 

to dynamic partitioning, is that with segmentation a program may occupy more than 

one partition, and these partitions need not be contiguous. Segmentation eliminates 

internal fragmentation but, like dynamic partitioning, it suffers from external 

fragmentation. However, because a process is broken up into a number of smaller 

pieces, the external fragmentation should be less. 

Whereas paging is invisible to the programmer, segmentation is usually visible 

and is provided as a convenience for organizing programs and data. Typically, the 

programmer or compiler will assign programs and data to different segments. For 

purposes of modular programming, the program or data may be further broken down 

into multiple segments.The principal inconvenience of this service is that the 

programmer must be aware of the maximum segment size limitation. 

Another consequence of unequal-size segments is that there is no simple 

relationship between logical addresses and physical addresses. Analogous to paging, 

a simple segmentation scheme would make use of a segment table for each process 

and a list of free blocks of main memory. Each segment table entry would have to 

give the starting address in main memory of the corresponding segment. The entry 

should also provide the length of the segment, to assure that invalid addresses are not 

used.When a process enters the Running state, the address of its segment table is 

loaded into a special register used by the memory management hardware. 

 

Section 4:  

Virtual Memory 

4.1. Hardware and control Structures  

Comparing simple paging and simple segmentation, on the one hand, with fixed and 

dynamic partitioning, on the other, we see the foundation for a fundamental 

breakthrough in memory management. Two characteristics of paging and 

segmentation are the keys to this breakthrough: 

1. All memory references within a process are logical addresses that are 

dynamically translated into physical addresses at run time.This means that 

a process may be swapped in and out of main memory. 

2. A process may be broken up into a number of pieces (pages or segments) 

and these pieces need not be contiguously located in main memory during 

execution. 

The combination of dynamic run-time address translation and the use of a page or 

segment table permits this. 
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Table 4.1 Characteristics of Paging and Segmentation 

A process executes only in main memory, that memory is referred to as real memory. 

But a programmer or user perceives a potentially much larger memory—that which 

is allocated on disk.This latter is referred to as virtual memory. Virtual memory 

allows for very effective multiprogramming and relieves the user of the unnecessarily 

tight constraints of main memory. Table 4.1 summarizes characteristics of paging 

and segmentation, with and without the use of virtual memory. 
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4.2. Locality and Virtual Memory 

The benefits of virtual memory are attractive, but is the scheme practical? At one 

time, there was considerable debate on this point, but experience with numerous 

operating systems has demonstrated beyond doubt that virtual memory does work. 

Accordingly, virtual memory, based on either paging or paging plus segmentation, 

has become an essential component of contemporary operating systems. 

To understand what the key issue is, and why virtual memory was a matter of much 

debate, let us examine again the task of the operating system with respect to virtual 

memory. Consider a large process, consisting of a long program plus a number of 

arrays of data. Over any short period of time, execution may be confined to a small 

section of the program (e.g., a subroutine) and access to perhaps only one or two 

arrays of data. If this is so, then it would clearly be wasteful to load in dozens of 

pieces for that process when only a few pieces will be used before the program is 

suspended and swapped out.We can make better use of memory by loading in just a 

few pieces.Then, if the program branches to an instruction or references a data item 

on a piece not in main memory, a fault is triggered. This tells the operating system to 

bring in the desired piece. 

Thus, at any one time,only a few pieces of any given process are in 

memory,and therefore more processes can be maintained in memory. 

Furthermore, time is saved because unused pieces are not swapped in and out of 

memory. However, the operating system must be clever about how it manages 

this scheme. In the steady state, practically all of main memory will be occupied 

with process pieces, so that the processor and operating system have direct access 

to as many processes as possible. Thus, when the operating system brings one 

piece in, it must throw another out. If it throws out a piece just before it is used, 

then it will just have to go get that piece again almost immediately. Too much of 

this leads to a condition known as thrashing: The system spends most of its time 

swapping pieces rather than executing instructions.In essence, the operating 

system tries to guess, based on recent history,which pieces are least likely to be 

used in the near future. 

This reasoning is based on belief in the principle of locality.To summarize, 

the principle of locality states that program and data references within a process tend 

to cluster. Hence, the assumption that only a few pieces of a process will be needed 

over a short period of time is valid. Also, it should be possible to make intelligent 

guesses about which pieces of a process will be needed in the near future, which 

avoids thrashing. 
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4.3. Paging 

The term virtual memory is usually associated with systems that employ paging, 

although virtual memory based on segmentation is also used. In the discussion of 

simple paging, we indicated that each process has its own page table, and when all 

of its pages are loaded into main memory, the page table for a process is created and 

loaded into main memory. Each page table entry contains the frame number of the 

corresponding page in main memory.A page table is also needed for a virtual memory 

scheme based on paging.Again, it is typical to associate a unique page table with each 

process. In this case, however, the page table entries become more complex. Because 

only some of the pages of a process may be in main memory, a bit is needed in each 

page table entry to indicate whether the corresponding page is present (P) in main 

memory or not. If the bit indicates that the page is in memory, then the entry also 

includes the frame number of that page.    

 

4.3.1.Page Table Structure 

The basic mechanism for reading a word from memory involves the translation of a 

virtual, or logical, address, consisting of page number and offset, into a physical 

address, consisting of frame number and offset, using a page table. Because the page 

table is of variable length, depending on the size of the process, we cannot expect to 

hold it in registers. Instead, it must be in main memory to be accessed. Figure 4.3.1 

suggests a hardware implementation.When a particular process is running, a register 

holds the starting address of the page table for that process.The page number of a 

virtual address is used to index that table and look up the corresponding frame 

number.This is combined with the offset portion of the virtual address to produce the 

desired real address.Typically, the page number field is longer than the frame number 

field (n > m). 

 

In most systems, there is one page table per process. But each process can occupy 

huge amounts of virtual memory. For example, in the VAX architecture, each process 

can have up to 231=2 Gbytes of virtual memory. Using 29= 512-byte pages, that means 

that as many as 222 page table entries are required per process. Clearly, the amount 

of memory devoted to page tables alone could be unacceptably high.To overcome 

this problem, most virtual memory schemes store page tables in virtual memory 

rather than real memory.This means that page tables are subject to paging just as 

other pages are.When a process is running, at least a part of its page table must be in 

main memory, including the page table entry of the currently executing page. 
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Figure 4.3.1. Address Translation in a Paging System 
 

4.3.2. Translation Lookaside Buffer 

In principle, every virtual memory reference can cause two physical memory 

accesses: one to fetch the appropriate page table entry and one to fetch the desired 

data. Thus, a straightforward virtual memory scheme would have the effect of 

doubling the memory access time.To overcome this problem, most virtual memory 

schemes make use of a special high-speed cache for page table entries, usually called 

a translation lookaside buffer (TLB).The organization of the resulting 

paging hardware is illustrated in Figure 4.3.2.Given a virtual address, the processor 

will first examine the TLB. If the desired page table entry is present (TLB hit), then 

the frame number is retrieved and the real address is formed. If the desired page 

table entry is not found (TLB miss), then the processor uses the page number to index 

the process page table and examine the corresponding page table entry. If the 

“present bit” is set, then the page is in main memory, and the processor can retrieve 

the frame number from the page table entry to form the real address.The processor 

also updates the TLB to include this new page table entry. Finally, if the present bit 

is not set, then the desired page is not in main memory and a memory access fault, 
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called a page fault, is issued.At this point,we leave the realm of hardware and invoke 

the operating system, which loads the needed page and updates the page table. 

 
Figure 4.3.2.  Use of a Translation Lookaside Buffer 

 
4.4. Segmentation 

Segmentation allows the programmer to view memory as consisting of multiple 

address spaces or segments. Segments may be of unequal, indeed dynamic, size. 

Memory references consist of a (segment number, offset) form of address. 

 

4.4.1. Organization 

In the discussion of simple segmentation, we indicated that each process has its own 

segment table, and when all of its segments are loaded into main memory, the 

segment table for a process is created and loaded into main memory. Each segment 

table entry contains the starting address of the corresponding segment in main 

memory, as well as the length of the segment.The same device, a segment table, is 

needed when we consider a virtual memory scheme based on segmentation. Again, 

it is typical to associate a unique segment table with each process. Because only some 
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of the segments of a process may be in main memory, a bit is needed in each segment 

table entry to indicate whether the corresponding segment is present in main memory 

or not. If the bit indicates that the segment is in memory, then the entry also includes 

the starting address and length of that segment. Another control bit in the 

segmentation table entry is a modify bit, indicating whether the contents of the 

corresponding segment have been altered since the segment was last loaded into main 

memory. If there has been no change, then it is not necessary to write the segment 

out when it comes time to replace the segment in the frame that it currently occupies. 

Other control bits may also be present. For example, if protection or sharing is 

managed at the segment level, then bits for that purpose will be required. 
 

 
 

Figure 4.4.1  Address Translation in a Segmentation System 

 

The basic mechanism for reading a word from memory involves the translation of a 

virtual, or logical, address, consisting of segment number and offset, into a physical 

address, using a segment table. Because the segment table is of variable length, 

depending on the size of the process,we cannot expect to hold it in registers. Instead, 

it must be in main memory to be accessed. Figure 4.4.1 suggests a hardware 

implementation of this scheme.When a particular process is running, a register holds 

the starting address of the segment table for that process. The segment number of a 

virtual address is used to index that table and look up the corresponding main memory 

address for the start of the segment.This is added to the offset portion of the virtual 

address to produce the desired real address. 
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Section 5: 

Operating System Software 

The design of the memory management portion of an operating system depends on 

three fundamental areas of choice: 

•  Whether or not to use virtual memory techniques 

•  The use of paging or segmentation or both 

•  The algorithms employed for various aspects of memory management 

The choices made in the first two areas depend on the hardware platform available. 

Thus, earlier UNIX implementations did not provide virtual memory because the 

processors on which the system ran did not support paging or segmentation. Neither 

of these techniques is practical without hardware support for address translation and 

other basic functions. The choices related to the third item are the domain of 

operating system software and are the subject of this section. 

 

5.1. Fetch Policy 

The fetch policy determines when a page should be brought into main memory. The 

two common alternatives are demand paging and prepaging.With demand paging, 

a page is brought into main memory only when a reference is made to a location on 

that page. When a process is first started, there will be a flurry of page faults. As 

more and more pages are brought in, the principle of locality suggests that most future 

references will be to pages that have recently been brought in.Thus, after a 

time,matters should settle down and the number of page faults should drop to a very 

low level. 

With prepaging, pages other than the one demanded by a page fault are brought in. 

Prepaging exploits the characteristics of most secondary memory devices, such as 

disks, which have seek times and rotational latency. If the pages of a process are 

stored contiguously in secondary memory, then it is more efficient to bring in a 

number of contiguous pages at one time rather than bringing them in one at a time 

over an extended period.Of course, this policy is ineffective if most of the extra pages 

that are brought in are not referenced. 

 

5.2. Placement Policy 

The placement policy determines where in real memory a process piece is to reside. 

In a pure segmentation system, the placement policy is an important design issue; 

policies such as best-fit, first-fit, and so on, which were discussed in Chapter 7, are 

possible alternatives. However, for a system that uses either pure paging or paging 

combined with segmentation, placement is usually irrelevant because the address 



  

 

Page 22 of 30 
Copyright  2020 by DIT Central University of Kashmir. All rights reserved.  

CENTRAL UNIVERSITY O F KASHMIR   

[       OPERATING SYSTEMS ]     
  Unit III   

translation hardware and the main memory access hardware can perform their 

functions for any page-frame combination with equal efficiency. 

 

5.3. Replacement Policy 

The area of replacement policy is probably the most studied of any area of memory 

management.When all of the frames in main memory are occupied and it is necessary 

to bring in a new page to satisfy a page fault, the replacement policy determines 

which page currently in memory is to be replaced. All of the policies have as their 

objective that the page that is removed should be the page least likely to be referenced 

in the near future. 

5.3.1. Basic Algorithms 

There are certain basic algorithms that are used for the selection of a page to replace. 

Replacement algorithms that have been discussed in the literature include 

• Optimal 

• Least recently used (LRU) 

• First-in-first-out (FIFO) 

• Clock 

The optimal policy selects for replacement that page for which the time to the next 

reference is the longest. It can be shown that this policy results in the fewest number 

of page faults. Clearly, this policy is impossible to implement, because it would 

require the operating system to have perfect knowledge of future events. However, it 

does serve as a standard against which to judge real world algorithms. 

The least recently used (LRU) policy replaces the page in memory that has 

not been referenced for the longest time. By the principle of locality, this should be 

the page least likely to be referenced in the near future.And, in fact, the LRU policy 

does nearly as well as the optimal policy.The problem with this approach is the 

difficulty in implementation. 

The first-in-first-out (FIFO) policy treats the page frames allocated to a 

process as a circular buffer, and pages are removed in round-robin style. All that is 

required is a pointer that circles through the page frames of the process. This is 

therefore one of the simplest page replacement policies to implement. 

The simplest form of clock policy requires the association of an additional bit 

with each frame, referred to as the use bit.When a page is first loaded into a frame in 

memory, the use bit for that frame is set to 1.Whenever the page is subsequently 

referenced, its use bit is set to 1. For the page replacement algorithm, the set of frames 

that are candidates for replacement is considered to be a circular buffer, with which 

a pointer is associated. When a page is replaced, the pointer is set to indicate the next 

frame in the buffer after the one just updated.When it comes time to replace a page, 

the operating system scans the buffer to find a frame with a use bit set to zero. Each 
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time it encounters a frame with a use bit of 1, it resets that bit to zero and continues 

on. If any of the frames in the buffer have a use bit of zero at the beginning of this 

process, the first such frame encountered is chosen for 

replacement. 

 

Figure 5.3.1 Behavior of Four Page Replacement Algorithms 

Figure 8.15 gives an example that assumes a fixed frame allocation (fixed resident 

set size) for the process of three frames. The execution of the process requires 

reference to five distinct pages. The page address stream formed by executing the 

program is 

2  3  2  1  5  2  4  5  3  2  5  2 

which means that the first page referenced is 2, the second page referenced is 3, and 

so on. 
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5.4. Resident Set Management 

With paged virtual memory, it is not necessary and indeed may not be possible to 

bring all of the pages of a process into main memory to prepare it for execution. Thus, 

the operating system must decide how many pages to bring in, that is, how much 

main memory to allocate to a particular process. 

A fixed-allocation policy gives a process a fixed number of frames in main 

memory within which to execute. That number is decided at initial load time (process 

creation time) and may be determined based on the type of process (interactive, batch, 

type of application) or may be based on guidance from the programmer or system 

manager. 

A variable-allocation policy allows the number of page frames allocated to a process 

to be varied over the lifetime of the process. Ideally, a process that is suffering 

persistently high levels of page faults, indicating that the principle of locality only 

holds in a weak form for that process, will be given additional page frames to reduce 

the page fault rate; whereas a process with an exceptionally low page fault rate, 

indicating that the process is quite well behaved from a locality point of view, will 

be given a reduced allocation, with the hope that this will not noticeably increase the 

page fault rate. The variable-allocation policy would appear to be the more powerful 

one. However, the difficulty with this approach is that it requires the operating system 

to assess the behavior of active processes. 
 

 

Table 5.4.  Resident Set Management 
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5.5. Cleaning Policy 

When a modified page should be written out to secondary memory. Two common 

alternatives are demand cleaning and precleaning.With demand cleaning, a page is 

written out to secondary memory only when it has been selected for replacement. A 

precleaning policy writes modified pages before their page frames are needed so that 

pages can be written out in batches. 

There is a danger in following either policy to the full.With precleaning, a page 

is written out but remains in main memory until the page replacement algorithm 

dictates that it be removed. Precleaning allows the writing of pages in batches, but it 

makes little sense to write out hundreds or thousands of pages only to find that the 

majority of them have been modified again before they are replaced. The transfer 

capacity of secondary memory is limited and should not be wasted with unnecessary 

cleaning operations. 

On the other hand, with demand cleaning, the writing of a dirty page is coupled 

to, and precedes, the reading in of a new page.This technique may minimize page 

writes, but it means that a process that suffers a page fault may have to wait for two 

page transfers before it can be unblocked. This may decrease processor utilization. 

 

5.6. Load Control 

Load control is concerned with determining the number of processes that will be 

resident in main memory, which has been referred to as the multiprogramming 

level.The load control policy is critical in effective memory management. If too few 

processes are resident at any one time, then there will be many occasions when all 

processes are blocked, and much time will be spent in swapping. On the other hand, 

if too many processes are resident, then, on average, the size of the resident set of 

each process will be inadequate and frequent faulting will occur. The result is 

thrashing. 

 Multiprogramming Level:As the multiprogramming level increases from a 

small value, one would expect to see processor utilization rise, because there is less 

chance that all resident processes are blocked. However, a point is reached at which 

the average resident set is inadequate. At this point, the number of page faults rises 

dramatically, and processor utilization collapses. There are a number of ways to 

approach this problem. A working set or page fault frequency algorithm implicitly 

incorporates load control. Only those processes whose resident set is sufficiently 

large are allowed to execute. In providing the required resident set size for each active 

process, the policy automatically and dynamically determines the number of active 

programs. 

 Process Suspension: If the degree of multiprogramming is to be reduced,one 

or more of the currently resident processes must be suspended (swapped out). 
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Section 6: 

Linux Memory Management 

Linux shares many of the characteristics of the memory management schemes of 

other UNIX implementations but has its own unique features. Overall, the Linux 

memory-management scheme is quite complex. In this section, we give a brief 

overview of the two main aspects of Linux memory management: process virtual 

memory, and kernel memory allocation. 

 

6.1. Linux Virtual Memory 

 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. 

To use this three-level page table structure, a virtual address in Linux is viewed as 

consisting of four fields (Figure 6.1).The leftmost (most significant) field is used as 

an index into the page directory. The next field serves as an index into the page 

middle directory. The third field serves as an index into the page table. The fourth 

field gives the offset within the selected page of memory. 

 

 Page Allocation: To enhance the efficiency of reading in and writing out pages 

to and from main memory, Linux defines a mechanism for dealing with 

contiguous blocks of pages mapped into contiguous blocks of page frames. For 

this purpose, the buddy system is used. The kernel maintains a list of contiguous 

page frame groups of fixed size; a group may consist of 1, 2, 4, 8, 16, or 32 

page frames. As pages are allocated and deallocated in main memory, the 

available groups are split and merged using the buddy algorithm. 

 Page Replacement Algorithm: The Linux page replacement algorithm is 

based on the clock algorithm.In the simple clock algorithm, a use bit and a 

modify bit are associated with each page in main memory. In the Linux scheme, 

the use bit is replaced with an 8-bit age variable. Each time that a page is 
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accessed, the age variable is incremented. In the background, Linux 

periodically sweeps through the global page pool and decrements the age 

variable for each page as it rotates through all the pages in main memory. A 

page with an age of 0 is an “old” page that has not been referenced in some time 

and is the best candidate for replacement.The larger the value of age, the more 

frequently a page has been used in recent times and the less eligible it is for 

replacement.Thus, the Linux algorithm is a form of least frequently used policy. 

 
 

Figure 6.1 Address Translation in Linux Virtual Memory Scheme 

 Kernel Memory Allocation:The Linux kernel memory capability manages 

physical main memory page frames.Its primary function is to allocate and 

deallocate frames for particular uses. Possible owners of a frame include user-

space processes (i.e., the frame is part of the virtual memory of a process that is 

currently resident in real memory), dynamically allocated kernel data, static 

kernel code, and the page cache. The foundation of kernel memory allocation 

for Linux is the page allocation mechanism used for user virtual memory 

management. As in the virtual memory scheme, a buddy algorithm is used so 

that memory for the kernel can be allocated and deallocated in units of one or 

more pages. Because the minimum amount of memory that can be allocated in 

this fashion is one page, the page allocator alone would be inefficient because 

the kernel requires small short-term memory chunks in odd sizes. To 

accommodate these small chunks, Linux uses a scheme known as slab allocation 

within an allocated page. 
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Section 7:  

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. 

 Windows Virtual Address Map: On 32-bit platforms, each Windows user 

process sees a separate 32-bit address space, allowing 4 Gbytes of virtual 

memory per process. By default, a portion of this memory is reserved for the 

operating system, so each user actually has 2 Gbytes of available virtual 

address space and all processes share the same 2 Gbytes of system space.There 

an option that allows user space to be increased to 3 Gbytes, leaving 1 Gbyte 

for system space.This feature is intended to support large memory-intensive 

applications on servers with multiple gigabytes of RAM, and that the use of 

the larger address space can dramatically improve performance for 

applications such as decision support or data mining. 

 

 Windows Paging: When a process is created, it can in principle make use of 

the entire user space of almost 2 Gbytes. This space is divided into fixed-size 

pages, any of which can be brought into main memory, but the operating 

system manages them in contiguous regions allocated on 64-Kbyte boundaries. 

A region can be in one of three states: 

• Available: Addresses not currently used by this process. 

• Reserved: Addresses that the virtual memory manager has set aside for 

a process so they cannot be allocated to another use. 

• Committed: Addresses for which the virtual memory manager has 

initialized for use by the process to access virtual memory pages.These 

pages can reside either on disk or in physical memory. 

 

The resident set management scheme used by Windows is variable allocation, local 

scope.When a process is first activated, it is assigned data structures to manage its 

working set. As the pages needed by the process are brought into physical memory 

the memory manager uses the data structures to keep track of the pages assigned to 

the process. 
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Section 8:  

Problems and Assignments  

  

8.1. In a fixed-partitioning scheme, what are the advantages of using 

unequal-size partitions? 

8.2. What are the distinctions among logical, relative, and physical addresses? 

8.3. What are different memory allocation strategies? 

8.4. What do you mean by absolute loading and relocatable loading? 

8.5. What do you mean by loading and linking? 

8.6. Why is the principle of locality crucial to the use of virtual memory? 

8.7. Why is it not possible to combine a global replacement policy and a fixed 

allocation policy? 

 

8.9. What is the relationship between FIFO and clock page replacement 

 algorithms? 

8.10. What is the difference between a resident set and a working set? 

 

  

  

  

  

  

  

   
  

  

  

  

END 
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