CS 312-001
Computer Organization & Architecture
Midterm Exam No.2
Spring, 2014
2:00-3:15 P.M.

April 8, 2014
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 (15 minutes) – 20 points (4 points for each)
(1)
What are “dynamic optimizations (i.e., “dynamic instruction scheduling”)”?
(2)
Who perform “static optimizations (i.e., “static instruction scheduling”)”?
(3)
What are the two operations “jal” instruction performs?
(4)
What is the primary weakness in the delayed-branch?
(5)
In the recursive function call shown in the following figure, whose “$ra” is this?
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QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1)
Compare CISC and RISC processors for the following factors (for this question, you can provide solutions in the table below):

	Factors
	CISC
	RISC

	# of available GPRs
	
	

	Size of the internal cache
	
	

	Program size (IC)
	
	

	CPI
	
	

	Clock cycle rate
	
	


(2)
RISC processors usually have a higher processor clock rate than their CISC counterparts.  Despite their high clock rate, some CISC processors execute the programs faster than their RISC counterpart.  How is this possible (technically explain how it is possible)?
(3)
For which of CISC or RISC processors, do human assembly programmers have more room for applying code optimization (such as merging assembly instructions for two high-level programming language statements) and why?

(4)
Why is “dirty flag” used in virtual memory (what is the reason most of the computer system’s virtual memory use “dirty flag”)?
(5)
Is “page fault” fatal?  Is “segmentation fault” is fatal?  Briefly justify your solution.
QUESTION #3 (10 minutes) – 10 points 
Suppose that your computer system uses memory interleaving (but not memory pipelining).  You got a programming project that develops a graphic application (a program that manipulates graphic bit maps).  Most of the operations in the application manipulate graphic icons, which are represented by contiguous pixels.

Question #1:
Which of memory interleaving and memory pipeline will be effective in improving the graphic application?  Your choices are: (a) neither of them, (b) only memory interleaving, (c) only memory pipelining, and (d) both memory interleaving and memory pipelining.
Question #2:
Justify your solution for the above question.

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 virtual segmented address the CPU generates, find the physical address.  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 virtual page will be loaded in the physical page specified by the virtual memory table.

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: find the physical memory address of segmented virtual memory address: 056012.  Show all your work.
QUESTION #5 (15 minutes) – 10 points
“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 point 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 minutes) – 10 points
A researcher analyzed where data processed by a processor comes from.  What the researcher found was the following result:
The data needed by the ALU comes from:

(a) Registers by 23% of the chance (by 77% of chance ALU does not find the data in any register)

(b) If the ALU does not find the data in any register, by 15% of chance, the data is found in the L1 cache memory (i.e., by 85% of the chance, the data is not in the L1 cache memory).

(c) After (b), if the ALU does not find the data in the L1 cache memory, by 8% of chance, the data is found in the L2 cache memory (i.e., by 92% of the chance, the data is not in L2 cache memory).

(d) After (c), if the ALU does not find the data in the L2 cache memory, by 72% of chance, the data is found in the main memory (i.e., by 28% of the chance, the data is not in the main memory).
(e) Any data exist in the hard drive.

Assuming that the access latency for one data access is as follows:

· 1 processor cycle for a register

· 10 processor cycles for the L1 cache memory

· 25 processor cycles for the L2 cache memory

· 50 processor cycles for the main memory

· 30,000 processor cycles for a disk

Question:
for a 2.0 GHz processor, what is the average access time for one data access (“the average access time” = the average time expected for one data access after a large number of data accesses have been performed)?

Show your formula to calculate the average data access time.
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APPENDIX:

The following is the


______________________________________________________________________________________________
CS312-001 Computer Organization & Architecture, Midterm Exam #2, Spring 2014, April 8, 2014
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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