CS 312 – 001
Computer Organization & Architecture
Midterm Exam No.2
Fall, 2013
2:00-3:15 P.M.

November 5, 2013
This exam is a closed textbook and closed note exam.  There are 6 questions in this exam.  You have 75 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 something 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 (12 minutes) – 20 points (4 points for each)
(1) What are the major disadvantages in dynamic optimizations (i.e., “dynamic instruction scheduling”)?  Mention three major disadvantages.
(2) What was the primary performance factor that contributed to the improvement of CPU performance during the second generation (when CISC architecture was introduced)?

(3) Which of “variable-size instructions” or “fixed-size instructions” has lower CPI?  Why?
(4) Why is “instruction scheduling by a compiler” not effective for eliminating “control hazards”?
(5) It is possible that saving a register is not necessary for non-recursive sub-routine calls, while saving a register is always necessary for any recursive call (why not for non-recursive calls, while always necessary for recursive calls).  Why is it like that?
QUESTION #2 (12 minutes) – 20 points (4 points for each)
(1) Why do most of the computer systems today use “memory hierarchy”?
(2) Is pipeline memory access effective in reducing memory access latency for sequential accesses and random accesses?  Is memory-interleaving effective in reducing memory access latency for sequential accesses and random accesses?  Answer the questions by completing the following table.  Justify your solutions.

	
	Pipeline Accesses
	Memory-Interleaving

	Sequential Accesses
	
	

	Random Accesses
	
	


(3) How does “paging” solve the problem of memory external fragmentation?
(4) If the VMT is also stored in the main memory and the virtual memory is applied to VMT, is it possible for a memory access request results in three hard drive accesses (2 points)?  If no, explain why not, or if yes, describe how (if more than one, please mention all of them) – 2 points
(5) You wrote a program using C++.  When you tried to compile the program, you got a segmentation fault error.  What would you do to eliminate the segmentation fault (describe what you would do as a part of your debugging)?

QUESTION #3 15 points (10 minutes)
How large (in “bytes”) the VMT will be for 256GB virtual memory space with a page size is 4KB.  The (maximum) physical memory supported by this computer is 512MB).  The VMT also holds valid and dirty flags.

Show all your work.

Note: for this question, please try to answer the size of VMT in “bytes” (you can use, “KB”, “MB” or “GB”).  Assume the following:

1KB = 1024 B = 210 bytes

1MB = 1024 KB

1GB = 1024 MB

QUESTION #4 (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 memory 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 specified in the virtual memory table.  Show all your work.

Use the two tables attached at the end of this exam (in APPENDIX 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: 055102
QUESTION #5: – 10 points (15 minutes)
“Loop unrolling (A.K.A. “loop-iteration merging”)” is a static performance optimization.  Loop unrolling tries to eliminate especially RAW data dependency by merging multiple loop iterations into one iteration, when a loop structure repeats for a specific number of times in a program source code.  Thus, loop unrolling is applied to “for” loops (because the number of the iterations in each for loop structure is known in the compile time), while loop unrolling is NOT applicable to “while” loops (because the number of the iterations is usually not known in the compile time).  Assume the following loop-structure using “for”:
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which is translated into the following assembly instructions:
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Assumptions:

(a) The processor is a five-stage pipeline processors

(b) “R” is performed in ID stage

(c) “W” is performed in WB stage

(d) Registers $a0 and $a1 are pointer, which points to the beginning of “array_01” and “array_02” respectively.

(e) Each element in “array_01” and “array_02” is four bytes (see the figure in the next page)

(f) This processor has infinite number of $t registers

Question:
For the following for loop structure, (a) find how much can the for-loop be faster when loop unrolling (in terms of the number of the processor cycles from the label “BEGIN_LOOP” to “END_LOOP”)?  (b) Explain how the improvement is achieved (it is suggested that you explain “how” by showing the assembly instructions after loop-unrolling has been applied).  For this question, 80% of the credit is for (b).
Show all your work (in such a way that Dr. Fujinoki can understand your idea(s).

Hint #1: load (lw) and store (sw) instructions allow “offset” such as “lw $t0, 12($a0)”.
Hint #2: the structure of the two arrays (“array_01” and “array_02”):
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QUESTION #6: – 10 points (15 minutes)
Let us assume that we got a pipeline processor (not “super-pipeline”) that has a k-stage pipeline datapath (k >> 5).  The processor’s delayed branch slot is five cycles.
Suppose that a researcher found that programs for a specific processor have the following properties:
(a) By 72% of chance, the conditional branch instructions take a branch

(b) For 42% probability, there is a data dependency between the instructions in the delay branch slot and a conditional branch instruction (and delayed branch can not be applied because of the dependency)

(c) To simplify your work, let us assume that as long as an instruction in the delayed branch slot has a data dependency with a conditional branch instruction, none of the instructions in the delayed branch can be moved to the behind of a conditional branch instruction

Question:

If the delayed branch should improve the performance of the processor by 6% (i.e., programs run faster by 6% in their execution time), how often conditional branch instructions should appear in the programs?  If you are running out of time, you do not have to finish your calculation (it is OK as long as your formula is correct).
Show all your work.

APPENDIX:

The following is the


______________________________________________________________________________________________
CS312-001 Computer Organization & Architecture, Midterm Exam #2, Fall 2013, November 5, 2013
for (i = 0; i < 120; i++)


{


     array_01[i] = array_01[i] + 10;


     array_02[i] = array_02[i] – 50;


}





array_01:   .word  u0, u1, u2, u3, …. u119		# 120 data elements


array_02:   .word  v0, v1, v2, v3, … . v119		# 120 data elements





main:


la	$a0, array_01		# $a1 is the pointer to “array_02”


la	$a1, array_02		# $a1 is the pointer to “array_02”


li	$s0, 120			# $s0 is the loop counter





BEGIN_LOOP:	lw	$t0, ($a0)		# load array_01[x] to $t0 register


		add	$t0, $t0, 10		# add a constant “10” to $t0 register


		sw	($a0), $t0		# save $t0 register to array_01[x]


		add	$a0, $a0, 4		# advance the pointer to the next element





lw	$t0, ($a1)		# load array_02[x] to $t0 register


		sub	$t0, $t0, 50		# subtract a constant “50” from $t0 register


		sw	($a1), $t0		# save $t0 register to array_02[x]


		add	$a1, $a1, 4		# advance the pointer to the next element





		sub	$s0, $s0, 1		# decrease the loop counter by one


		bne	$s0, 0, BEGIN_LOOP	# repeat if the loop counter is not zero





END_LOOP:	some instruction


		some instruction
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