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ECE 3055 Final Exam – August 1, 2001
1. (5 points) Discuss the approaches that could be taken with deadlocks in an 0S. Explain each approach.
2. (5 points) Discuss the advantages and disadvantages of an indexed file.

3. (5 points) How could the burst time be estimated in a real system?

4. (10 points) The following sequence of MIPS instructions is clocked into the MIPS single cycle 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 5A5A5A5A. Assume that each register contains a value equal to the register number prior to execution of this code.


addi
$4,$6,32


xor
$3,$5,$2

sw
$3,1


and
$8,$5,$2


srl
$8,$7,3

Instruction = __________________________________

Read Data 1 = _________________________________

Read Data 2 = _________________________________

ALU Result = __________________________________

(Data Memory) Word Address = ______________

Write Register (Address) = _____________________

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

Memread  = ________________________

RegWrite = _____________________

Memtoreg  = ________________________

5. (20 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
$5,100($0)


lw
$3,200($5)


or
$8,$2,$3


sub
$5,$8,$2


add
$8,$7,$5


lw
$8,100($5)


bne 
$8,$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 that the branch decision has not been moved forward to decode.  Assume other non-NOP instructions follow the branch in the original code sequence above.

Part II (5 points) If the control unit is improved by adding the forwarding unit and moving the branch decision into the decode stage 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 for stalls and branch flushes in the pipeline. Assume other instructions prior to this code and following this code are executed, so that the pipeline stays filled with instructions. 

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 (10 points) Pipelining in General – not the MIPS only. For a given problem, would a pipelined design with more stages always run faster than a pipeline with fewer stages? Explain your answer and give details.








TLB Block Diagram

6. (10 points) Draw a block diagram of two-way set associative TLB with four lines (blocks) used on a computer with 32-bit byte addresses and 32-bit memory data words. Assume that the TLB can support a physical memory size up to the virtual memory size and the page size is fixed at 4K. Use a random replacement policy generated by a single toggle flip-flop (i.e. changes state every clock – this clock will be an external input to your circuit). Show exactly how the computer’s address lines feed into the TLB and produce the hit and page address data outputs. Clearly label the Vi, tagi and pagei fields and show all required SRAM locations and bit fields, multiplexors, logic gates, and comparators. For a comparator, you can just draw a circle with “=” inside it. Put a slash (/) on each bus line with more than one bit and indicate the number of bits next to each slash. After designing the TLB, fill in the blanks below. Note: Do a thorough job on this block diagram – you will need to use it for the next VHDL problem!

____________ Total bits of SRAM memory are used in the TLB.

________ Comparators with ___________ bits are used.

7. (15 points) Write a complete VHDL synthesis model for the TLB you designed in the previous question. Declare and use an array of standard logic vectors called Memory(address) for the TLB’s SRAM memory. Hint: The MIPS register file uses an array of standard logic vectors. Use extra space on the back of the page, if needed.

 Virtual Memory Address Translation

8. (15%) Assume a 256-entry direct-mapped TLB is used in a system with 32-bit virtual byte addresses, 16MB of physical memory, and 4K 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 page table are given.  Assume all listed page table entries are valid and all TLB entries are initially invalid.  Show the final contents of the TLB after this sequence of addresses is accessed.

Virtual address sequence

Address


Hit/Miss

Physical Address

  00000101

_______

______________

  000000FF

_______

______________

  00020015

_______

______________

  00020266

_______

______________

  00000013

_______

______________

  000022CF

_______

______________

  000023A1

_______

______________

TLB Final Contents

Block

Tag

Data

0

______

______

1

______

______

2

______

______

3

______

______

Page Table Initial Contents

Virtual Page #



Data

       00000



  031

       00001



  F00

       00002



  0E2

       00003



  030

       …

       00020



  710

       00021



  0C0

       00022



  0A0

       00023



  550
CPU Scheduling

9. (15%) The following processes arrive for execution at the times indicated. Use preemptive scheduling for SRTF and RR and base all decisions on the information you have at the time the decision is made. At arrival time, the burst execution time is known. Note: For RR assume a new process is already added to the end of the ready queue by its arrival time, when a process is preemptive it is added to the end of the ready queue, and when the scheduler checks the queue and that the ready queue will execute in strict FIFO order at each time slice (i.e. if a process is already in the ready queue before another arrives, it will execute first).

Process

Arrival Time

CPU Burst or Execution Time

P1


0.0ms


3ms

P2


1.0ms


3ms

P3


1.5ms


5ms

Draw a Gantt chart using FCFS:
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Draw a Gantt chart using SJF (no preemption):
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Draw a Gantt chart using SRTF:

_______________________________________________________________________________
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|_______________________________________________________________________________|
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Draw a Gantt chart using RR with time slice =2: (Assume Processes preempted only at time slice!)

_______________________________________________________________________________
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Fill in the table below:



Average Turnaround Time

Average Wait Time

FCFS

________________


________________

SJF

________________


________________

SRTF

________________


________________

RR

________________


________________
