Question 1 (Midterm 2 - 2006)
The working set of a process may be defined in several ways. Discuss the merits of each of the following schemes for deciding which pages constitute a processes’s working set

a. (15 points) those pages that the process has referenced in the last w seconds of wall-clock time
W seconds of wall-clock time does not make much sense. W seconds include execution, waiting in ready queue, waiting for events and I/O. So, in w seconds may not even execute 
b. (15 points) those pages that the process has referenced in the last w seconds of execution time (i.e., time during which the process was running on a processor)
This is much better

Question 1 (Midterm 2 - 2005)
Consider a pure paging system that uses three levels of page tables and 64-bit addresses. Each virtual address is the ordered set v = (p, m, t, d), where the ordered triple (p, m, t) is the page number and d is the displacement into the page. Each page table entry is 64 bits (8 bytes). The number of bits that store p is np, the number of bits that store m is nm and the number of bits to store t is nt.
Solution:

a. 
Assume np = nm = nt= 18.


A page number is 18+18+18= 54 bits long. Displacement d is 64-54=10 bits or 1K (1024).


i.  (10 points) How large is the table at each level of the multi​level page table?


The table at each of 3 levels is 18 bits long. This means a table points to 218 = 256 Kpages. Thus, the minimum table size is 256*210*8 (for 64 bit addressing) = 2048 Kbytes = 2 Mbytes


ii. (10 points) What is the page size, in bytes?


Since d is 10 (1K), the page size is 1 Kbytes (1 byte per location of page)

b.
Assume np = nm= nt =14.


A page number is 14+14+14 = 42 bits long. Displacement d is 64-42=22 bits long or 4 M.


i.  (10 points) How large the table at each level of the multi​level page table?


Each level is 14 bits long. So a table points to 214 = 16 Kpages. Minimum table size is 16*210*8 = 128 Kbytes


ii.  (10 points) What is the page size, in bytes? 


d is 22 bits, the page size is 4Mbytes
c.
(10 points) Discuss the trade-offs of large and small table sizes.

Question 2 (Midterm 2 - 2005)
A system receives a series of page references in the fol​lowing order: 1, 1, 3, 5, 2, 2, 6, 8, 7, 6, 2, 1, 5, 5, 5, 1, 4, 9, 7, 7. The system has five page frames. If all of the frames are ini​tially empty, calculate the number of page faults using each of these algorithms:
a.
(10 points) FIFO
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b.
(10 points) LRU (Replace the page which has been unused for the longest time)
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c.
(10 points) OPT
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Question 3 (Midterm 2 - 2005)

Suppose a file system is organized like the DOS file system and the device index (FAT) contains 64K pointers. Explain how the file manager could be designed to use the 64K pointers to reference every 512-byte block on a 512MB disk.
Solution:

Since blocks (sectors) are 512 bytes long, 64K pointers can address a 32MB (512*64K) disk. For a 512MB disk we have to have a clustering of order 512/32= 16 sectors per cluster (8 KB). Each 16 sector cluster will be pointed by a pointer in FAT and each sector will be indexed within the cluster from 0000-1111

Question 1 (Midterm 2 – 2004) 
A UNIX system has 1-KB blocks and 4-byte disk block numbers. Each inode contains file attributes and a total of 12 index entries including (1) 10 direct entries (2) one single indirect entry (3) one double indirect entry. How many disk reads are needed to bring the 300th block of file A into memory, assuming initially only A’s inode is in memory? 

Solution:

One index block contains 1KB/4B=256 entries. 

Using the direct entries and the single indirect entry we can support up to 10+256 blocks, but it’s still less than 300 blocks. So we need the double indirect entry.

Therefore, the number of disk reads is 3. (one read for the double indirect block, one read for the single indirect block and one read for the data block) 

Question 2 (Midterm 2 – 2004)

A computer whose processes have 1024 pages  in their address spaces keeps its page tables in memory. The overhead required for reading a word from the page table is 5 nsec. To reduce this overhead, the computer has a TLB, which holds 32 (virtual page, physical page frame) pairs, and can do a look up in 1 nsec. What hit rate is needed to reduce the mean overhead to 2 nsec?

Solution:

The effective instruction time is 1h 5(1 h), where h is the hit rate. If we equate this formula with 2 and solve for h, we find that h must be at least 0.75.

Question 3 (Midterm 2 – 2004)

A computer with an 8 KB page, a 256 MB main memory, and a 64 GB virtual address space uses an inverted page table to implement its virtual memory. How big should the hash table be to ensure a mean hash chain length of less than 1? Assume that the hash table size is a power of two.
Solution:

The main memory has 228/213 = (256*1024*1024/ 8*1024) = 32,768 pages. A hash table of 32K entries will have a mean chain length of 1. To get under 1, we have to go to the next size, 65,536 entries. Spreading 32,768 entries over a 65,536 table slots will give a mean chain length of 0.5, which ensures fast lookup.

Question 4 (Midterm 2 – 2004)

A disk has 201 cylinders, numbered from 0 to 200. At some time the disk arm is at cylinder 100, and there is a queue of disk access requests for cylinders 15, 60, 90, 135, 165, 180.

Suppose:

(1)
A seek takes 1 msec per cylinder to move the disk arm.
(2) 
Directly moving the disk arm from the innermost of the disk (with the largest cylinder number) to the outermost of the disk (without servicing any disk requests) takes only 10 msec.

(3) 
Initially, the disk arm is moving towards higher cylinders.

What is the seek time needed to serve the above requests if the disk scheduling algorithm is the following?

a. (10 points) Shortest Seek First 

b. (10 points) Scan

c. (10 points) C-Scan
Solution:

a. Shortest Seek First 

100->90->60->15->135->165->180

(100-15)+(180-15)=250

b. Scan

100->135->165->180->200->90->15

(200-100)+(200-15)=285

c. C-Scan

100->135->165->180->200->0->15->60->90

(200-100)+10+(90-0)=200

Question 1 (Final - 2006)
Suppose a file system is based on the indexed allocation strategy for managing blocks. Assume each file has a directory entry giving the file name, first index block, and the length of the file. The first index block points in turn to 249 file blocks and to the next index block. If the file is currently positioned at logical block 2010 and the next operation is to access logical block 308, how many physical blocks must be read from the disk? Explain your answer.

Solution

Index block = 249 file block numbers + pointer  to the next index block.

Currently pointing to logical block 2010, next to logical block 308.

2010 – 308 = 1702 blocks to go. 1702/249= 6.83 = 7 index blocks

308 / 249 = 1.2 = index block 2

2010/249 = 8.07 = index block 9

9-2 = 7 blocks

