FINAL EXAM – INTRODUCTION TO OPERATING SYSTEMS 
CSE421/521

May 2, 2008 
NAME : _____________________________________________________________

STUDENT NUMBER : _________-_________ 
INSTRUCTIONS

This is a closed book but you are allowed ONE sheet of information to refer to.  You have 180 minutes to complete 6 questions.  Please write neatly and clearly.  To receive partial credit, you must show all work for your answers.   

	Question
	Grade

	1 
	____/20

	2
	____/20

	3
	____/20

	4
	____/20

	5
	____/20

	6 
	____/20

	Total
	____/120


       Percent   =    ____________/ 100

1. [20 Points] Deadlock

Consider the following snapshot of a system (P=Process, R=Resource) :

	Current Available

	RA
	RB
	RC
	RD

	1
	2
	2
	2


	Maximum Demand

	
	RA
	RB
	RC
	RD

	P0
	3
	2
	1
	4

	P1
	0
	2
	5
	2

	P2
	5
	1
	0
	5

	P3
	1
	5
	3
	0

	P4
	3
	0
	3
	3

	Current Allocation

	
	RA
	RB
	RC
	RD

	P0
	1
	0
	1
	1

	P1
	0
	1
	2
	1

	P2
	4
	0
	0
	3

	P3
	1
	2
	1
	0

	P4
	1
	0
	3
	0


Answer the following questions using banker’s algorithm:

a) Calculate the Needs matrix:

	Needs

	
	RA
	RB
	RC
	RD

	P0
	
	
	
	

	P1
	
	
	
	

	P2
	
	
	
	

	P3
	
	
	
	

	P4
	
	
	
	


b) Is the system in a safe state?  If so, show a safe order in which the processes can run.

c) In the above given state can a request of one instance of RA by Process P0 be granted safely according to Banker’s algorithm? If yes, show the safe sequence. A blank Need matrix is repeated here for convenience.

d) In the above given state (as in b), can a request one instance of RD by P0 be granted safely according to Banker’s algorithm? If yes, show the safe sequence.

e) What is the total number of instances of each of type of resource available in the system?

	Needs

	
	RA
	RB
	RC
	RD

	P0
	
	
	
	

	P1
	
	
	
	

	P2
	
	
	
	

	P3
	
	
	
	

	P4
	
	
	
	


2. [20 points] Disk Scheduling
Disk requests come into the disk driver for cylinders 10, 22, 26, 2, 40, 6, and 38, 98 in that order. Assume that the disk has 100 cylinders (0-99). In all the cases, the arm is currently at cylinder 40. Assume that disk head is moving from high to low numbered cylinder and that zap back is from low to high.
a) A seek takes 6ms 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. C-LOOK 

4. SCAN

b) What is your infer from the above experiment?  Which one of the scheme would you prefer? Why?
3. [20 points] Security: Public Key Infrastructure (PKI)
a) Consider the public key encryption defined by the RSA (Rivest, Shamir, Adelman) scheme. Assume that the two starting primes p and q are 11 and 19 respectively and determine a (nontrivial) private key and public key pair (e, d) according to the RSA scheme. Note: Do not use 13 or 17 for the value of e or d. Also e cannot be equal d. Choose a value for d that is higher than 11.
b) What are digital signatures? How are they constructed? What are two typical uses for digital signatures? What is the relevance of PKI to digital signatures?
4. [10 points] File System Implementation
a) Suppose a file system is constructed using blocks of 8 words each. 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 64 words of data. Assume that free blocks are allocated in logical order starting with block 20. Also it has been determined that blocks 25 and 32 are bad and cannot be allocated. 

Remember I-node takes up a block of storage.

What will the state of the system look like after 100 additional words are appended to the file (draw a block diagram showing the structure of the I-node and the blocks that are allocated)?

4. [10 points]  File Storage Management and Inode
b) Consider the organization of an Unix file a represented by Inode. Assume that there 10 direct block pointers, and a singly, doubly and triply indirect pointers in each Inode. Assume that the system block size is 4K.  Disk block pointer is 4 bytes.

i. What is the maximum file size supported by the system?

ii. Assuming no information other than the file Inode is in the main memory, how many disk accesses are required to access the byte in position 54, 423,956.

5. [20 points] Demand Paging

Suppose that we have the following system characteristics:

	System Characteristics

	Size of memory
	16 bytes

	Frame Size
	4 bytes per frame

	Memory Management Structure
	Inverted Page Table

	Replacement Policy
	LRU, Global Replacement

	Virtual Page Size
	4 bytes per page

	Logical Addressing Space Size
	32 bytes

	Backing Store Size
	12 blocks

	Backing Store Block Size
	4 bytes per block


And the following system snapshot

Main Memory

	Address
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Contents
	O
	T
	O
	N
	G
	F
	U
	N
	-
	-
	-
	-
	A
	D
	*
	F


Backing Store

	Block
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	In Use?
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T

	Contents
	THRE
	AD*F
	UN--
	RATE
	*MON
	OTON
	IC--
	DEMA
	ND*P
	AGIN
	G---


Process Table

	Process ID
	0
	1
	2

	Process Size (Bytes)
	12
	14
	13

	Pages allocated
	3
	4
	4

	Backing Store Map

(Page ( Block)
	
	
	

	Page 0
	BS 0
	BS 3
	BS 7

	Page 1
	BS 1
	BS 4
	BS 8

	Page 2
	BS 2
	BS 5
	BS 9

	Page 3
	
	BS 6
	BS 10

	Page 4
	
	
	

	Page 5
	
	
	

	Page 6
	
	
	

	Page 7
	
	
	


Inverted Page Table

	Frame
	Virtual Page #
	PID
	Valid Bit
	Ref Word (Low = older)
	Modified Bit
	Lock Bit

	0
	2
	1
	T
	2
	F
	F

	1
	3
	2
	T
	1
	T
	F

	2
	-
	-
	F
	-
	-
	-

	3
	1
	0
	T
	3
	F
	F


Using your knowledge of demand paging, write down what will change in each of the data structures as each memory access is executed.  Make changes to data structures as needed.  Remember that each command has a cumulative effect.  

a) [10 points] PID 0 : Write ‘A’ logical memory Address 11 

Main Memory

	Address
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Contents
	O
	T
	O
	N
	G
	F
	U
	N
	-
	-
	-
	-
	A
	D
	*
	F

	Change
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Backing Store

	Block
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	In Use?
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T

	Contents
	THRE
	AD*F
	UN--
	RATE
	*MON
	OTON
	IC--
	DEMA
	ND*P
	AGIN
	G---

	Change
	
	
	
	
	
	
	
	
	
	
	


Inverted Page Table

	Frame
	VP #
	PID
	Valid Bit
	Ref Word (Low = older)
	Modified Bit
	Lock Bit

	0
	
	2
	
	1
	
	T
	
	2
	
	F
	
	F
	

	1
	
	3
	
	2
	
	T
	
	1
	
	T
	
	F
	

	2
	
	-
	
	-
	
	F
	
	-
	
	-
	
	F
	

	3
	
	1
	
	0
	
	T
	
	3
	
	F
	
	-
	


b)[10 points] PID 1 : Read logical memory Address 6 ________________________________

Main Memory

	Address
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Contents
	O
	T
	O
	N
	G
	F
	U
	N
	-
	-
	-
	-
	A
	D
	*
	F

	Change
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Backing Store

	Block
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	In Use?
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T

	Contents
	THRE
	AD*F
	UN--
	RATE
	*MON
	OTON
	IC--
	DEMA
	ND*P
	AGIN
	G---

	Change
	
	
	
	
	
	
	
	
	
	
	


Inverted Page Table

	Frame
	VP #
	PID
	Valid Bit
	Ref Word (Low = older)
	Modified Bit
	Lock Bit

	0
	
	2
	
	1
	
	T
	
	2
	
	F
	
	F
	

	1
	
	3
	
	2
	
	T
	
	1
	
	T
	
	F
	

	2
	
	-
	
	-
	
	F
	
	-
	
	-
	
	F
	

	3
	
	1
	
	0
	
	T
	
	3
	
	F
	
	-
	


6.  [10 Points] Networking: TCP/IP and Socket API

a) List the fundamental operations enabling the socket-based communication between two processes in different address spaces (say, a client and a server process)? Draw a flow diagram explaining the interaction between client and server. Explain purpose of each operation in the interaction and that of the parameters, if any.

6. [10 points] Project 3: Disk storage server and File server

b) How did you implement (/simulate) the blocks of your disk system in your Project 3? What techniques did you use? 

c) List some methods for improving the performance of the (i) disk block server and (ii) the file server.
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