2) [12 points] Logical and Physical Address Spaces

The Kiwi™ memory architecture design team has a dilemma.  The team is considering several different memory configuration variations for an upcoming machine design.  Consider the following designs (All memory accesses are in terms of bytes, and all are using paging techniques):

	Characteristic
	Design 1
	Design 2

	Physical Memory Address Width
	16 bits
	64 bits

	Logical Address Width
	20 bits
	32 bits

	Page/Frame size in bytes
	64 bytes
	128 bytes

	Page Table Type
	Single
	Double 


a) [6 points] For each design, compute the size of the physical address space in decimal to the nearest Kilo, Mega, Giga or Tera byte.
c) [6 points] For design 2, if the outermost page table holds 256 entries, how many bits are needed in the logical address to represent the outer page table? How many bits are used for representing the offset within a page? How many bits are needed in the logical address in order to represent the inner page table?

3) [18 points] Address Translation
Consider a system where the virtual memory page size is 4K (4096 bytes), and main memory consists of 4 page frames.  Now consider a process which requires 8 pages of storage.  At some point during its execution, the page table is as shown below:

	Virtual page
	Valid 
	Physical page

	0
	No
	

	1
	No
	

	2
	Yes
	1

	3
	No
	

	4
	Yes
	3

	5
	No
	

	6
	Yes
	0

	7
	Yes
	2


1. List the virtual address ranges for each virtual page.

2. List the virtual address ranges that will result in a page fault.

3. Give the main memory (physical) addresses for each of the following virtual addresses (all numbers decimal): (i) 8500, (ii) 17000, and (iii) 15000.


4) [20 points] File System Implementation

Suppose a file system is constructed using blocks of 8 words each. The disk pack used to hold the file system consists of 1024 blocks.  The initial 10 blocks are reserved for directory entries. The storage blocks of a file are stored in an I-node. Assume that an I-node needs a block of storage. The I-node structure is as follows (word, value): 

	0
	Permission word

	1
	File Size

	2
	Direct block

	3
	Direct block

	4
	Direct block

	5
	Direct block

	6
	Single-indirect

	7
	Double-indirect


Consider file contains 32 words of data. Assume that free blocks are allocated in logical order starting with block 0.
What will the state of the system look like after 126 additional words are appended to the file Draw a block diagram showing the structure of the I-node and the blocks that are allocated.
5) [4+4+2= 10 points] Page Replacement

 Given the following reference string:

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

show

a) Page faults occur during the processing of the reference scheme?

b) The hit ratio is for each of the following policies in a pure demand paging system?

c) What do you observe when you move from Scheme 1 to Scheme 2? Explain.

Scheme 1: FIFO with three pages of main memory

Scheme 2: FIFO with four pages of main memory
6) [16 points] Disk Scheduling
Disk requests come into the disk driver for cylinders 10, 22, 26, 2, 40, 6, and 38, in that order. Assume that the disk has 100 cylinders.

A seek takes 6msec per cylinder moved. Compute the average seek time for the request sequence given above for 

1. First-come, First-served

2. Shortest Seek Time First (SSTF)

3. LOOK (with the disk-arm initially moving towards higher number cylinders from lower number cylinders)

4. C-SCAN

In all the cases, the arm is initially at cylinder 20. 

7) [10 points] Security: Public Key Encryption

Consider the public key encryption defined by the RSA (Rivest, Shamir, Adelman) scheme. Assume that the two starting primes p and q are 3 and 5 respectively and determine a (nontrivial) private key and public key pair (e, d) according to the RSA scheme. Note: Do not use 3 or 5 for the value of e or d. Also e cannot be equal d.
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