CS 286 – 001

Computer Organization & Architecture

Final Exam

Fall, 2017
8:00-9:40 A.M., December 14, 2017
This exam is a closed textbook and closed note exam.  There are 7 big questions in this exam.  You have 100 minutes to finish the questions.  Please write your answers on separated pieces of paper.  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).
Student ID (the last three digits): ___________________
QUESTION #1 (15 minutes) – 20 points (4 points for each)
(1) If a sufficient condition is not satisfied, what conclusion can we draw?
(2) In the recursive function call shown in the following figure, whose “$ra” is this (who owns the content in $ra register) at the point indicated in the figure below?
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(3) When a calculation (either the result of a mathematic operations, +, -, (, etc.) either exceeds the maximum number or goes under the minimum number in two’s complement arithmetic, how can the processor indicate that such an error has occurred?
(4) What is the primary purpose of “assembly source code files”?
(5) Suppose the branch frequencies (as percentage to all the instructions) are as follows:

Conditional branches:
6%

Jumps and calls:
5%

Conditional branches:
38% are not taken

We are examining a 10-phase pipeline processor, in which different instructions require different number of processor cycles to complete.  Assume that each conditional branch requires 8 cycles to complete (the decision of a conditional instruction is made available at the end of the 8th cycle).  Similarly, each unconditional branch requires 6th cycles to complete (the decision of an unconditional instruction is made available at the end of the 6th cycle).  All other instructions require exactly 8 cycles to complete.

Question: 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 any branch hazards?

Just show the formula (no need to show your intermediate work).

QUESTION #2 (15 minutes) – 20 points (4 points for each)

(1)
What are the two primary disadvantages in using (hardware) interrupt for handling I/O events?

(2)
What is “context-switching”? How is one performed?  Make sure to answer the two questions.

(3)
There is no real computer system that belongs to MISD model.  Why not?

(4) What are the three major disadvantages in dynamic optimizations (i.e., “dynamic instruction scheduling”)?  Mention three different disadvantages.

(5)
When Intel was developing “hyper-threading”, why did Intel not design it for “hyper-processing”?

QUESTION #3 (10 minutes) – 20 points

Suppose that we have numbers in “bias of 16,383”, how does the binary bit pattern for ‘-7’ in the “bias of 16,383” look (show it in the binary format) (show the binary bit pattern of ‘-7’ in bias of 16,383)?

Show all your work.

Note: This question does NOT ask you to find the bit pattern for IEEE-754 floating-point numbers, but one in bias of 16,383).

QUESTION #4 (15 minutes) – 20 points
“Loop unrolling (A.K.A. “loop-iteration merging”)” is a static performance optimization.  Loop unrolling tries to eliminate especially RAW data dependencies by merging multiple loop iterations into one iteration, when a loop structure repeats for a specific number of times.  Thus, loop unrolling is often 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 (at the 2nd stage)
(c) “W” is performed in WB stage (at the 5th stage)
(d) Registers $a0 and $a1 are used as pointers, 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
(g) Before loop-unrolling, no code optimization is applied (a compiler generates instructions sequentially for each high-level programming language statement).
Questions:
For the following for loop structure:

(a) Find how much can the for-loop be faster after loop unrolling (in terms of the number of the processor cycles from the label “BEGIN_LOOP” to “END_LOOP”) is applied to maximizing the performance (for the shortest execution time)?
(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 #5 (10 minutes) – 20 points
Assume a computer memory system that uses a combination of memory segmentation and virtual memory.  Also assume that the page size is 0.5KB (= 512 bytes).  For the following segmented virtual 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 #3).

Question: “016993”
QUESTION #6 (15 minutes) – 20 points
Assuming the followings, for the slowdown in the average memory accesses time* due to page faults to be less than 1200.0% (i.e., the average memory access time with page faults is at most 12.0 times longer than the average memory access time without page faults), how often as a percent (as “the number of the page faults in 100 memory accesses”) page faults can happen (e.g., if 3 page faults can happen in one hundred memory accesses, it is considered “3%”)?

· Each memory access without a page fault takes 20ns.

· One hard drive access (to load a memory page from a hard drive to the physical memory or to save a page memory page in the physical memory to the hard drive) takes 6(s.

· The average probability of a memory page being dirty is 23.5% when a memory page in the physical memory is replaced by another memory page.
Note*: “the average memory access time” means the average time for one memory access, calculated over a reasonably large number of memory accesses.

If there is no way to achieve less than 1200.0% slowdown, mathematically prove it.

Show all your work for full credit.

QUESTION #7 (20 minutes) – 20 points
Suppose that there is a data structure which consists of N2 elements.  At the beginning, each element in the data structure is initialized by a constant number “x” (Figure 1).  If we need to update the contents of the data structure as shown in the figure below (Figure 2) using a SIMD computer, answer the following questions:
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Figure 1
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Figure 2

Questions:
(a)
What is the best achievable algorithm complexity?

(b)
How many processors are necessary to achieve the best algorithm complexity?

(c)
Describe how you got the solutions for the above two question (i.e., explain your algorithm that achieves (a) and (b) above).
Assumptions:

(a) One multiplication of two numbers (integers) actually requires a processor O(log2x) physical operations, but assume that a multiplication can be performed as a 1-shot activity.

(b) One addition of two numbers (integers) actually requires a processor O(log2x) physical operations, but for assume that an addition can be performed as a 1-shot activity.

(c) Assume that xi (for i > 2) can not be performed as a 1-shot activity (e.g., x3 requires two multiplications).

Note:
It is assumed that it is your responsibility to clearly present your solution.  If Fujinoki can not follow your ideas because of lack of organization in your solution, as well as unclear writing (e.g., sloppy writing), it will result in loss of some credits.
 APPENDIX:


_________________________________________________________________________________________
CS286-001 Computer Organization & Architecture, Final Exam, Fall 2017, December 14, 2017
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		# $a0 is the pointer to “array_01”


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











