CS604 : OPERATING SYSTEMS
Question 01:

A computer system has a 32-bit virtual address space with a page size of 4K and 8 bytes per page table entry.

1. How many pages can be in the virtual address space?

2. What is the maximum size of addressable physical memory in this system?
FOR QUESTION ONE, REFER TO FOLLOWING EXAMPLE AND YOU WILL BE ABLE TO MAKE YOUR OWN. (IT IS EXTREMELY SIMPLE QUESTION)
A computer system has a 36-bit virtual address space with a page size of 8K, and 4 bytes per page table entry. 

1. How many pages are in the virtual address space? 

1. A 36 bit address can address 2^36 bytes in a byte addressable machine. Since the size of a page 8K bytes (2^13), the number of addressable pages is 2^36 / >2^13 = 2^23 

2. What is the maximum size of addressable physical memory in this system? 

2. With 4 byte entries in the page table we can reference 2^32 pages. Since each page is 2^13 B long, the maximum addressable physical memory size is 2^32 * 2^13 = 2^45 B (assuming no protection bits are used). 

FOR QUESTION TWO JUST SEE THE FOLLOWING EXAMPLE AND YOU CAN EASILY MAKE OUT THE LOGIC. ANY HOW FOR YOUR GUIDE LINE I GIVE YOU EXAMPLE OF PAGE 0. INITIALLY ALL THE ENTRIES WERE ZERO BUT WHEN WE TOOK PAGE ZERO THEN ALL VALUES OF ITS ROW WERE RAISED TO ONE (1)  NEXT WE CHANGED ALL THE VALUES OF ITS COLUMN TO (0) ZERO. RESULT IS AS UNDER. IN THE SAME WAY REST OF THE MATRIX CAN BE FILLED 
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FINAL SHAPE AFTER CHANGING COLUMN VALUES IS AS UNDER. (TWO MATRIX SHOWN HERE ARE JUST FOR EXAMPLE, IN ASSIGNMENT WRITE ONLY LAST AND FINAL ONE.)
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FOR BETTER UNDER STANDING I HAVE GIVEN COMPLETE ALGORITHM REFERENCE 

The Least Recently Used (LRU) Page Replacement Algorithm

Although we cannot implement an optimal algorithm by evicting the page that will not be used for the longest time in the future, we can approximate the algorithm by keeping track of when a page was last used. If a page has recently been used then it is likely that it will be used again in the near future. Conversely, a page that has not been used for some time is unlikely to be used again in the near future.

Therefore, if we evict the page that has not been used for the longest amount of time we can implement a least recently used (LRU) algorithm. 

Whilst this algorithm can be implemented (unlike the optimal algorithm) it is not cheap. Ideally, we need to maintain a linked list of pages which are sorted in the order in which they have been used. To maintain such a list is prohibitively expensive (even in hardware) as deleting and moving list elements is a time consuming process. Sorting a list is also expensive.

However, there are ways that LRU can be implemented in hardware. One way is as follows.

The hardware is equipped with a counter (typically 64 bits). After each instruction the counter is incremented.

In addition, each page table entry has a field large enough to accommodate the counter. Every time the page is referenced the value from the counter is copied to the page table field. When a page fault occurs the operating system inspects all the page table entries and selects the page with the lowest counter. This is the page that is evicted as it has not been referenced for the longest time.

Another hardware implementation of the LRU algorithm is given below.

If we have n page table entries a matrix of n x n bits, initially all zero, is maintained. When a page frame, k, is referenced then all the bits of the k row are set to one and all the bits of the k column are set to zero. At any time the row with the lowest binary value is the row that is the least recently used (where row number = page frame number). The next lowest entry is the next recently used; and so on.

If we have four page frames and access them as follows

0 1 2 3 2 1 0 3 2 3
it leads to the algorithm operating as follows.

It might be worth working through it and calculating the binary value of each row to see which page frame would be evicted.
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