CS 312 – 001
Computer Organization & Architecture
Final Exam
Spring, 2013
12:00-1:40 P.M.

April 30, 2013
This exam is a closed textbook and closed note exam.  There are 8 questions in this exam.  You have 100 minutes to finish the questions.  Please write your answers on separated pieces of papers.  To avoid grading problems, please staple your solutions in the ascending order in the question number.  All the questions in this exam are mandatory (no optional question).

Notice 1: Please carefully read each question and follow the requirement(s) in each question.  Failing to follow the requirement(s) will cause minor or major penalty.  If you answered anything not asked by a question, you will not get much credit.
Notice 2: It is your responsibility to present your solutions in such a way that Dr. Fujinoki can read your writing.  Also it is assumed that whatever important idea(s) in your solutions is clearly presented or even emphasized.
Student ID (the last four digits): ___________________

QUESTION #1 (15 minutes) – 4 points for each of the five questions below.
(1)
What is the primary purpose of “assembly source code files”?

(2)
What is the software tool that translates “(human) programmers’ source code files” into “assembly source code files”?

(3)
Let us assume that we “load” a constant number using “li” instruction (e.g., “li  $v1, x”).  Although you specify a positive integer for “x” (e.g., “li  $v1, 4227858432”), you saw that the content of $v1 register was a negative integer when you display the content of $v1 register using system call #1 (print integer) after the load instruction.  How can this happen (explain how)?
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(4)
What are the two major problems in “sign magnitude integers”?

(5)
What are the differences between “li $t0, 2048” and “lb $t0, (2048)” instructions?  Mention at least two differences.

QUESTION #2 (15 minutes) – 4 points for each
(1) A pipeline processor with a lower clock rate can execute the same binary programs faster than the identical pipeline processor with a higher clock rate (assume that all other hardware component are identical).  How is this possible?
(2) Which data dependency (dependencies) can cause pipeline stalls for super-scalar processors (select all that apply)?
(a) RAR


(c) WAR


(e) None of (a) through (d)

(b) RAW


(d) WAW

(3) Regarding “segmented virtual memory”, which one (ones) will crash a program if it happens to a program in execution (select the best option)?
(a) Only page faults

(b) Only segmentation faults

(c) Both page faults and segmentations faults

(d) Neither page faults or segmentation faults

(4) Suppose that the time needed for one memory access (physical memory) is TM and that the time needed for one disk access (reading/writing a memory page from/to a disk) is TD, what are the best case and the worst case in one memory access using virtual memory?  Also assume that VMT is stored in the physical memory and virtual memory is applied to the physical memory pages that are holding VMT.

Best Case:

Worst Case:

(5)
Why is “forwarding” effective to RAW dependencies, but not effective to WAR and WAW dependences?

QUESTION #3 (15 minutes) – 4 points for each
(1) Why was “serial bus” introduced (i.e., what is the primary advantage of “serial bus”)?
(2) When an interrupt signal (e.g., “INTR” for Intel’s processors) is sent to the processor, how can the processor know which I/O device needs the processor’s service?

(3) What is AFR (Annual Failure Rate)? = Define what AFR means.

[Question (4) and (5) are in the next page]

(4) What are the major problems in dealing with I/O devices using interrupts?  Mention three.

(5) What are the three major performance metrics for “hard drives”?

QUESTION #4 (10 minutes) – 10 points
As we discussed in the classroom, the difference between the tiniest and the second tiniest numbers (we called the difference “interval”) in IEEE-754 floating point number system (i.e., “single precision IEEE-754 floating point numbers) is 2-149.  (a) How many other positive numbers in IEEE-754 floating point number(s) have the same interval to the next tiniest number?  (b) Briefly justify your solution.

Note: the grading weight for this question: 40% to (a) and 60% to (b).
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QUESTION #5 (10 minutes) – 10 points
Suppose the branch frequencies (as percentage to all the instructions) are as follows:

Conditional branches:

8%

Jumps and calls:


5%

Conditional branches:

38% are not taken

We are examining a ten-phase pipeline processor, in which different instructions require different number of processor cycles to complete.  Assume that each conditional branch requires ten cycles to complete (the decision of a conditional instruction is made available at the end of the tenth cycle).  Similarly, each unconditional branch requires eight cycles to complete (the decision of an unconditional instruction is made available at the end of the eighth cycle).  All other instructions require exactly ten cycles to complete.  The program being executed consists of a large number of instructions, which is large enough to be considered infinite number of instructions.
Questions: Assuming that only the first pipe stage can always be done independent of whether the branches goes and ignoring other pipeline stalls, (a) how much faster would the machine be without branch hazards?  (b) If the pipeline becomes deeper, what would you expect for the speed up? For (a), you do not have to complete your calculation, but show the formula and show all your work that explains how you developed the formula.

QUESTION #6: (10 minutes) – 10 points
Assume a hard drive unit that has the following specs:
(a) Rotation Speed = 5400 RPM
(b) Sector Size = 256 bytes

(c) Sectors / Track = 127 sectors

(d) Average Seek Time = 6.5ms
(e) One Track Seek Time = 0.8ms
(f) Maximum Seek Time = 10.0ms
Question:
If a computer system tries to read multiple disk sectors from multiple tracks, how many bytes can be read in one second (for the first one second) for the following assumptions?  Show all your work.

(a) Sectors in a track must be read consecutively (from the first sector to the last sector in a track).

(b) Once all the sectors in a track are accessed (read), then, the sectors in the next track (the immediate neighbor track – track (i+1) if the current track is track i) should be accessed.

(c) The above activities are repeated for multiple consecutive tracks for a couple of seconds.

(d) The first track to begin with is randomly determined.

QUESTION #7 (10 minutes) – 10 points
Assume a computer memory system that uses a combination of segmentation and virtual memory.  Also assume that the page size is 2KB (= 2048 bytes).  For the following segmented virtual address the CPU generates, find the physical address.  If the specified address is not in the memory, clearly mention what the memory access request will cause.  Each memory access request issued by the CPU consists of six decimal digits, of which the first two digits represent the segment number.  On a page fault, the page will be loaded in the physical page in the virtual memory table.  Show all your work.

Use the two tables attached at the end of this exam (in APPENDIX-1 section).  Assume “1” = TRUE and “0” = FALSE.

Example: “033010” ( The offset address is 3,010 bytes from the beginning of the third segment (segment 03, which is segment #3).

Question: What is the physical memory address for “segmented virtual memory address” of “052212”?  Show all your work.
QUESTION #8 (15 minutes) – 10 points
Suppose that a system administrator at a data center got a hard drive unit whose AFR is 5% (AFR = 0.05).  The data center requires the time interval before a system shut-down due to failures of the hard drive unit(s) to be 100 million (= 108) hours (the idea is that the data center tries to replace all its hard drive units before the time interval expires to avoid any system shut-down due to hard drive failures).

The system administrator decided to meet the requirement by having identical mirror drive(s). Just like we discussed in the classroom, the computer system will remain functional as long as one drive unit is working (“hot swap” allows replacing a dead unit by a new drive while the system is running).

Assume that the expected operation hours for calculating AFR is 8,760 hours (8,760 hours per year).

Question: How many mirror drive(s) should be used (the minimum number of mirror drive(s) to meet the requirement)?  Show your work.  Decent partial credit will be given to incomplete work (as long as the idea is relevant to a solution).

Note: If you do not have a calculator, show a formula (i.e., equation) in a format as simplified as possible without a calculator.

APPENDIX-1:
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The following is the
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        li	$v1, 4227858432 	# a constant positive integer





        li	$v0, 1			# system call 1 (print integer)


        move	$a0, $v1			# copy $v1 to $a0


        syscall				# show it
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