COM S 414 – Systems Programming and Operating Systems

Assignment 4: Memory Management and Virtual Memory

1. A system uses variable-sized multi-partition allocation with swapping. The size of main memory is 128K, and there are 4 programs p1, p2, p3, p4 running with sizes 64K, 64K, 32K, and 16K respectively. Each program runs for 50msec, and then requests an I/O operation that requires 20msec (CPU-burst = 50msec, IO-burst = 20msec), and repeats this sequence. A program can be swapped at the rate of 8Kbyte/20msec. 
(a) Assume that the time quantum is greater than or equal to 50msec. Compute the CPU utilization (CPU Utilization = compute time / total time) under round-robin scheduling where p1 gets scheduled first, then p2, then p3, then p4, and so on. The first round is special because no program is in memory at the beginning, and it can be ignored in calculating the CPU utilization.
(b) Devise a better scheduling strategy and show that it has better CPU utilization.

(c) Under this workload and scheduling strategy (round-robin, as in (a)), should you upgrade the CPU by one that runs 10 times faster or double the amount of memory? Explain your answer.

2. In a 32-bit machine we subdivide the virtual address into 4 segments as follows: 
	8-bit
	8-bit
	6-bit
	10-bit


We use a 3-level page table, such that the first 8 bits are for the first level and so on. In the following questions, sizes are in bytes.
(a) What is the page size in such a system?
(b) What is the size of the page tables for a process that has 256K of memory starting at address 0? Assume each page-table entry is 4 bytes.
(c) Also assume that each page-table entry is 4 bytes. What is the size of the page tables for a process that has a code segment of 48KB starting at address 0x01000000, a data segment of 600KB starting at address 0x80000000 and a stack segment of 64KB starting at address 0xF0000000 and growing upward (address of top of stack increases)?
3. Devise a virtual memory scheme for a 32-bit machine such that it supports 8GB of RAM. Since the machine is still 32-bit, a process can only access 4GB of memory, but the range of memory goes up to 8GB.
4. Belady's anomaly: Intuitively, it seems that the more frames the memory has, the fewer page faults a program will get. Surprisingly enough, this is not always true. Belady (1969) discovered an example in which FIFO page replacement causes more faults with four page frames than with three. This strange situation has become known as Belady's anomaly. To illustrate, a program with five virtual pages numbered from 0 to 4 references its pages in the order: 

0 1 2 3 0 1 4 0 1 2 3 4 
(a) Using FIFO replacement, compute the number of page faults with 3 frames. Repeat for 4 frames. Please show the buffer after each reference.
(b) The previous question demonstrates Belady’s anomaly. A natural question that follows is that given a page replacement algorithm, how we decide whether the algorithm is free from Belady’s anomaly. In this exercise, we focus on the following particular case as an example. Does Enhanced Second-Chance algorithm suffer from Belady’s anomaly? Explain your answer.































































































































































































































































