Score:__________   Name:_________________________________________________

ECE 3055 Final Exam
1. (15 points) Fill in each box with T for True or F for False. To correct for random guesses, wrong answers count double off. Blanks count regular points off.
	Feature/Function/Property of OS
	Unix
	Linux
	NT

	Supports POSIX
	
	
	

	Multiprocessing and Threads
	
	
	

	Virtual memory with page size of 4K only
	
	
	

	OS code Diskless and ROMable without changes
	
	
	

	Source code available free
	
	
	

	OS supports networking
	
	
	

	Originally Developed for PDP 11
	
	
	

	Originally Developed for 80386 architecture
	
	
	

	Latest version includes sockets
	
	
	

	OS Source code in C/C++
	
	
	

	Used in most RISC workstations
	
	
	

	RR and/or FCFS with same priority processes
	
	
	

	Hard Real-time OS
	
	
	

	User/Kernel mode security
	
	
	

	Tree file directory structures
	
	
	


2. (5 points) What are the basic file I/O OS calls you would expect to find on a system that supports random access. Briefly describe the function of each call.

3. (10 points) The following sequence of MIPS instructions is clocked into the pipeline shown on page 472-476.  Examine this figure carefully to see exactly where each signal is located (i.e. before or after pipeline registers).  After Clock cycle 5, Indicate the resulting register values in the spaces provided below.  All numbers are in hex. Memory location 1 contains AAAA5555. Assume that each register contains a value equal to the register number prior to execution of this code.


andi
$2,$2,$4


add
$3,$1,$4

lw
$2,1


xor
$6,$7,$5


sw
$6,4

Instruction = __________________________________

Read Data 1 = _________________________________

Read Data 2 = _________________________________

ALU Result = __________________________________

(Data Memory) Read Data = ______________

Write Register (Address) = _____________________

Write Data (input at register file after mux) = __________________________________

Memread  = ________________________

RegWrite = _____________________

Memtoreg  = ________________________

4. (10 points) Write a complete VHDL synthesis model for the digital hardware shown in the block diagram on the left. Next, write a structural model for the block diagram on the right that contains connected modules. Each of the connected modules is one of the circuits in the left diagram.

5. (15 points) The program below is executed on the 5 stage pipelined MIPS described in chapter 6.  Answer the following questions about this program. 

loop:
sw
$2,100($0)


lw
$3,200($0)


or
$7,$2,$7


add
$8,$3,$5


sub
$5,$8,$2


sw
$5,100($7)


beq 
$5,$0,loop
Part I (5 points) If the control unit does not have any hazard detection, forwarding or branch flushing, rewrite the code sequence by adding the minimum number of NOP instructions to eliminate all potential data and branch hazards.  Assume other non-NOP instructions follow the branch in the original code sequence above.

Part II (5 points) If the control unit has hazard detection with automatic stalls and automatic branch flushing without any forwarding unit, determine the number of clock cycles required to complete the first loop execution (i.e. start at loop, branch back to loop, and start the lw instruction on the next clock) of the original code sequence.  Include the time required to fill and flush the pipeline.

If there were no hazards or branch flushing the program would require    ___________ clock cycles for execution.

But the program stalls and/or flushes the pipeline ____________ clock cycles so a total of __________ clock cycles is required for execution.

Part III (5 points) If the control unit is improved by adding the forwarding unit as outlined in the text, determine the number of clock cycles required to complete the first loop execution of the original code sequence.  Include the time required to fill and flush the pipeline. 

If there were no hazards or branch flushing the program would require    ___________ clock cycles for execution.

But the program stalls and/or flushes the pipeline ____________ clock cycles so a total of __________ clock cycles is required for execution.

Set Associative Cache Memory

6. (5 points )A two-way set associative cache is given the memory operations shown below.  It contains four lines and has one word per block.  A LRU (Least Recently Used) replacement policy is used on this cache.  The cache is initially empty.  The first column of  the cache gets the first entry after the valid bits have been reset.  In the blanks provided in the Cache below, list the original address value only (i.e. 12 in blank, means address and data for memory location 12 is in cache).

Memory Read Operations

Address  Hit (Y/N)?
2
___





Cache Contents

4
___




Block

Element 1
Element 2

8
___




0

_______

________

5
___




1

_______

________

20
___




2

_______

________

17
___




3

_______

________

19
___






64
___






8
___






11
___

4
___

43
___

2
___




Hit rate for all memory operations is __________(%)

6
___

9
___

917
___

Virtual Memory

7. (10 points) Assume a 4-entry direct-mapped TLB is used in a system with 20-bit virtual byte addresses, 16-bit physical byte addresses, and 256 byte pages.  For the sequence of virtual addresses shown below, state whether each address causes a TLB hit or miss and show the physical address generated. Portions of the initial contents of the TLB and full page table are given.  Assume all listed page table entries are valid.  Show the final contents of the TLB after this sequence of addresses is accessed.

Virtual address sequence

Address


Hit/Miss

Physical Address

  00013


_______

______________

  025CF


_______

______________

  026A1


_______

______________

  00201


_______

______________

  000FF


_______

______________

  02515


_______

______________

  02666


_______

______________

TLB Initial Contents




TLB Final Contents

Block

Tag

Data


Block

Tag

Data

   0

   02

  71


    0

____

____

   1

   02

  C0


    1

____

____

   2

   00

  55


    2

____

____

   3

   20

  E2


    3

____

____

Page Table Initial Contents

Virtual Page #



Data

       000



  20

       001



  F0

       002



  55

       003



  30 

       …

       025



  71

       026



  C0

       027



  A0

       028



  E2
CPU Scheduling

8. (10 points) The following processes arrive for execution at the times indicated. Use preemptive scheduling for RR and base all decisions on the information you have at the time the decision is made. At arrival time, the execution time is known.

Process

Arrival Time

CPU Execution Time

P1


0.0ms


4ms

P2


0.4ms


8ms

P3


4.0ms


1ms

Draw a Gantt chart using FCFS:

_______________________________________________________________________________

|                                                                                                                                                              |

|_______________________________________________________________________________|

What is the average turnaround time for these processes with FCFS? _______________

Draw a Gantt chart using RR with a 1ms time slice:

_______________________________________________________________________________

|                                                                                                                                                              |

|_______________________________________________________________________________|

What is the average turnaround time for these processes with RR?   _______________    

Deadlock Avoidance

9. (10 points) The following states are in effect:

Process

Allocation
Max

Need

Available



ABCD

ABCD

ABCD

ABCD

P0

0 0 1 2

0 0 1 2

0 0 0 0 

1 5 2 1

P1

1 0 0 0

1 7 5 1

0 7 5 0

P2

0 6 3 2

0 6 5 2

0 0 2 0

P3

1 3 5 4

2 3 5 6

1 0 0 2

P4

0 0 1 4

0 6 5 6

0 6 4 2 

Process P1 issues a request for (0,5,2,1) can the request be granted? 

(justify your answer by showing your work below and show a safe execution sequence, if one exists)

Process

Allocation
Max

Need

Available



ABCD

ABCD

ABCD

ABCD

P0

0 0 1 2

0 0 1 2





P1



1 7 5 0

P2

0 6 3 2

0 6 5 2

P3

1 3 5 4

2 3 5 6

P4

0 0 1 4

0 6 5 6

Grant Request     Y______        or  N_________

Safe execution sequence = {_____________________________}

10. (10 points) Describe and discuss how security is implemented on a modern OS. Include both required hardware and software. Do not include the security aspects of networking.

