CS 286 – 001
Computer Organization & Architecture
Final Exam
Fall, 2019
8:00-9:40 A.M., December 12, 2019
This exam is a closed textbook and closed note exam.  There are 6 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): ___________________
Please do NOT provide your solutions on the question papers
QUESTION #1 (15 minutes) – 20 points (4 points for each)
(1) What is the relation between “statements” in high-level programming languages and “instructions” in assembly languages?  Select the best option that represents their relation in the following options.

(a) one (statement)-to-one (instruction)

(b) one (statement)-to-many (instructions)

(c) many (statements) to-one (instruction)

(d) many (statements)-to-many (instructions)

(e) none of the above

(2) What is the binary bit pattern of +9(10) in the bias of 127?  Assume that the bit pattern consists of 8 bits.  Show all your work.
(3) What is the advantage of using “normalized” format in IEEE-754 standard?

(4) What are the two major problems in “sign magnitude integers”?
(5) Assume that all the inputs for each instruction must be ready by the beginning of the ID phase and the output from each instruction becomes available at the end of the WB phase, find which of the following four datapath architectures can cause data hazards for each of RAR, RAW, WAR, and WAW?
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QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) When Intel was developing “hyper-threading”, why did Intel not design it for “hyper-processing”?

(2) Which of “page fault” and/or “segmentation fault” is (are) fatal?  Justify your answer.
(3) What are the two primary (but different) advantages in using DMA for processing I/O events?

(4) When an interrupt occurs while a user program is being executed by a processor, the stack area in the user program is used, but why?

(5) There is no real computer system that belongs to MISD model.  Why not?
QUESTION #3 (15 minutes) – 20 points
Assume that we have a CPU with a pipeline datapath that has 18 (k = 18) stages.  The size of the branch slot in this CPU is 17 cycles (i.e., every time a conditional branch takes a jump, the processor loses 17 cycles).  Now we are applying delayed-branch to assembly programs to be executed by this CPU.  For the programs executed by this CPU, branches are taken for 36% of their executions.  It was also found that in 43% of time, delayed-branch could not be applied because of data dependencies between the instructions.  To simplify this question, let’s assume that any of the 17 instructions could not be moved after a branch instruction as long as any one of the 17 instructions has a data dependency.  Assume that the number of the instructions the CPU executes is huge (you can safely consider that is infinity (()).
Question: in order for the slow-down due to conditional branch instructions to be less than 19% (after the delayed-branch is used), what should be the frequency of branch instructions in your programs (i.e., how much of the assembly instructions are conditional branch instructions)?

Show all your work
QUESTION #4 (15 minutes) – 20 points
Assume the following computer system.
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· The I/O device currently holds 12MB of data to be transferred to the main memory.
· Each data transfer using the internal bus takes 80(s

· The I/O device, the processor and the memory unit are connected by a 32-parallel bus.

· For each 32 bits, one interrupt will occur.
· Each context switching takes the processor 40(s.
· Ignore any other overhead

Question:
How much faster will DMA be compared to interrupt to transfer the 12MB data?  Show all your work for full credit.

Note:
· B = “byte”

· b = “bit”

· M = 106
· 1 second = 1,000ms and 1ms = 1,000(s

QUESTION #5 (10 minutes) – 20 points
One of the problems in using VMT for implementing virtual memory is the size of VMT (i.e., large memory space needed for holding VMT).  One of the solutions for this problem is “inverted page table (IPT)”.

The concept of the inverted page table (IPT) is that for each page in the physical memory (instead of for each page in the virtual memory) a virtual page number is specified (the dirty flag can be included in IPT), if any virtual memory page is currently associated to the physical memory page (otherwise some invalid virtual page number, such as “-1” is specified).

Since the number of the physical memory pages is usually much smaller than that of the virtual memory, this method will result in much smaller data structure than VMT.

What do you think about this idea?  Is there any trade-off problem in using “inverted page table”?
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QUESTION #6 (15 minutes) – 20 points
Sorting is one of the categories many computer scientists have been working to optimize algorithm complexity.  Quick sort is one of the fastest, therefore, the most popular, sorting algorithms used by many application programs today. Quick sort works in the following way:

Assumptions:
(a) There is an array of N elements

(b) Each element in the array is an integer (any integer, including both negative and positive integers)
Quick Sort Algorithm:
Step (: Pick up the first (the right end) element in the array (it’s “3” in the example below) and call it “pivot”

Step (: Prepare three new empty arrays (left, center, and right)
Step (: Move the pivot to the first slot in the center array.

Step (: Scan each element in the array with N elements from the right to the left from the next number in the left of the pivot and move each element that is smaller than the pivot (i.e., “3”) to the first empty array (the left array) and move each element that is larger than or equal to the pivot to the third empty array (the right array).

Step (: Repeat ( and ( until each array has only one entry (or all elements in an array are the same).

Step (: Concatenate all arrays from the left to the right, to make one array of N elements.
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Algorithm Complexity of Quick Sort Algorithm using SISD:
For each round, a SISD processor performs comparisons (N-1) times. In the worst case, the first element can be the smallest number, resulting in (N-1) rounds.  Thus, the complexity for the worst case will be O((N-1)2) = O(N2).

Questions: If we used a SIMD computer with as many processing units as you would need:

(a) Is it possible to improve the algorithm complexity of quick sort?  If, yes, what is the complexity order and explain how it is possible.  If not, explain why not.

(b) Is it possible to improve the (actual) execution time of quick sort?  If, yes, explain how it is possible.  If not, explain why not.
Assume the followings:
· You always have infinite capacity of memory (for both SISD and SIMD architecture computers)

· You always have an infinitely large number of processing units in a SIMD architecture computer

· All processing units in a SIMD architecture computer can read from a memory address physically at the same time

· Preparing whatever size of an array requires a constant time (i.e., O(1))
Note 1: Most (85%) of the credit goes to a correct explanation (not to correct YES or NO).

Note 2: It is assumed that providing your solutions (conclusions and explanations) in such a way that it is readable (reasonably neat handwriting) and understandable (reasonably well organized) to Dr. Fujinoki.  Any solution that is not readable or understandable will be subject to some minor or major penalties.

Note 3: “Nothing wrong” solution will not earn much credit, if important idea(s) is (are) not explained.
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