
kilobytes. Corresponding to each allocation unit is a bit in the bitmap, which is 0 if the unit is free and

 

1 if it is occupied (or vice versa). Figure below shows part of memory and the corresponding bitmap. 

The size of the allocation unit is an important design issue. The smaller the allocation unit, the larger

 

the bitmap. A bitmap provides a simple way to keep track of memory words in a fixed amount of

 

memory because  the  size  of  the  bitmap depends only  on the size of  memory and the size of  the

 

allocation unit. The main problem with it is that when it has been decided to bring a k unit process into

 

memory, the memory manager must search the bitmap to find a run of k consecutive 0 bits in the map.

 

Searching a bitmap for a run of a given length is a slow operation.

Memory Management with Linked Lists

Another way of keeping track of memory is to maintain a linked list of allocated and free memory

 

segments, where a segment is either a process or a hole between two processes.

Fig:(a) A part of memory with five processes and three holes. The tick marks show the memory  
allocation units. The shaded regions (0 in the bitmap) are free. (b) The corresponding bitmap. (c)

 

The same information as a list.

Fig:Four neighbor combinations for the terminating process, X.

Memory Management with Bitmaps:

When memory is assigned dynamically, the operating system must manage it. With a bitmap, memory 
is divided up into allocation units, perhaps as small as a few words and perhaps as large as several 
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Each entry in the list specifies a hole (H) or process (P), the address at which it starts, the length, and a  
pointer to the next entry. In this example, the segment list is kept sorted by address. Sorting this way 
has the advantage that when a process terminates or is swapped out, updating the list is straightforward. 
A terminating process normally has two neighbors (except when it is at the very top or very bottom of 
memory). These may be either processes or holes, leading to the four combinations shown in fig above.

When the processes and holes are kept on a list sorted by address, several algorithms can be used to 
allocate memory for a newly created process (or an existing process being swapped in from disk). We 
assume that the memory manager knows how much memory to allocate.

First Fit: The simplest algorithm is first fit. The process manager scans along the list of segments until 
it finds a hole that is big enough. The hole is then broken up into two pieces, one for the process and 
one for the unused memory, except in the statistically unlikely case of an exact fit. First fit is a fast 
algorithm because it searches as little as possible. 

Next Fit:  It works the same way as first fit, except that it keeps track of where it is whenever it finds a  
suitable hole. The next time it is called to find a hole, it starts searching the list from the place where it 
left off last time, instead of always at the beginning, as first fit does.

Best Fit:  Best fit  searches the entire list  and takes the smallest  hole that is adequate.  Rather than 
breaking up a big hole that might be needed later, best fit tries to find a hole that is close to the actual 
size needed. 

Worst Fit: Always take the largest available hole, so that the hole broken off will be big enough to be 
useful. Simulation has shown that worst fit is not a very good idea either.

Quick Fit:  maintains separate lists for some of the more common sizes requested. For example, it  
might have a table with n entries, in which the first entry is a pointer to the head of a list of 4-KB holes, 
the second entry is a pointer to a list of 8-KB holes, the third entry a pointer to 12-KB holes, and so on. 
Holes of say, 21 KB, could either be put on the 20-KB list or on a special list of odd-sized holes. With 
quick fit, finding a hole of the required size is extremely fast, but it has the same disadvantage as all 
schemes  that  sort  by  hole  size,  namely,  when a  process  terminates  or  is  swapped out,  finding its  
neighbors to see if a merge is possible is expensive. If merging is not done, memory will  quickly 
fragment into a large number of small holes into which no processes fit. 

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. An interesting compromise is the buddy system .

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 

   



In a buddy system, the entire memory space available for allocation is initially treated as a single block  
whose size is a power of 2. When the first request is made, if its size is greater than half of the initial  
block then the entire block is allocated. Otherwise, the block is split in two equal companion buddies. If 
the size of the request is greater than half of one of the buddies, then allocate one to it. Otherwise, one 
of the buddies is split in half again. This method continues until the smallest block greater than or equal 
to the size of the request is found and allocated to it. In this method, when a process terminates the 
buddy block that was allocated to it is freed. Whenever possible, an unallocated buddy is merged with a 
companion buddy in order to form a larger free block. Two blocks are said to be companion buddies if 
they resulted from the split of the same direct parent block. 

The following fig. illustrates the buddy system at work, considering a 1024k (1-megabyte) initial block 
and the process requests as shown at the left of the table. 

Fig: Example of buddy system
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