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

December 9, 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 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 does “performance” in computer system mean (at least four examples)?
(2)
What does “low-level” in “low-level programming languages” mean?
(3)
How will “-1(10)” be represented using n-bits two’s complement number?
(4)
What is the difference between the fifth tiniest and the sixth tiniest positive numbers in IEEE-754 floating point number system (i.e., “single precision IEEE-754 floating point numbers)?
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(5)
Which of the following datapath architecture can suffer from WAR data dependency (select all that apply)?

(a) Scalar (single core) processors

(b) Super-scalar (single core) processors

(c) Pipeline (single core) processors

(d) Super-pipeline (single core) processors

QUESTION #2 (16 minutes) – 20 points (4 points for each)
(1) What are the three major disadvantages in dynamic optimizations (i.e., “dynamic instruction scheduling”)?  Mention three different disadvantages.
(2) Compare CISC and RISC processors (designed and built using the same manufacturing technologies) for the following factors by completing the following table:

	Factors
	CISC
	RISC

	# of available GPRs
	
	

	Size of the internal cache
	
	

	Program size (IC)
	
	

	CPI
	
	

	Clock cycle rate
	
	


(3) What are the two advantages in “virtual memory”?

(4) What is “internal memory fragmentation”?
(5) What was the primary performance factor that contributed to the improvement of CPU performance during the second generation (CISC architecture)?
QUESTION #3 (14 minutes) – 20 points (4 points for each)
(1) What are the two primary problems of “polling” compared to “DMA” for handling I/O events?

(2) What are the two primary advantages in using DMA for processing I/O events?
(3)
What is “context switching”?
(4)
What are the two major disadvantages in “PIO (programmed I/O)” for processing I/O events?
(5)
What are the major problems in dealing with I/O devices using interrupts?  Mention three.
QUESTION #4 (15 minutes) – 20 points (4 points for each)
(1) Mention two examples of “MIMD parallel computers”.
(2) Why is “data dependency in assembly instructions” not a major slow-down factor for distributed systems (i.e., explain why data dependencies in assembly instructions are not a major slow-down factor)?
(3) When Intel was developing “hyper-threading”, why did Intel not design it for “hyper-processing”?
(4) Which of SIMD and MIMD parallel model does NUMA architecture fit well?  Briefly justify your choice.
(5) What are the primary weaknesses in UMA architecture?
QUESTION #5 (8 minutes) – 10 points
Show the binary bit pattern for -72.4375(10) using IEEE-754 floating-point format (single precision).  Show all your work.

Sign bit:

Exponent bits:

Significand bits:

QUESTION #6 (10 minutes) – 15 points
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 68% of chance, the conditional branch instructions take a branch

(b) For 53% 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 8% (i.e., programs run faster by 8% 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.

QUESTION #7 (10 minutes) – 15 points
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Assume the following computer system.

· The I/O device currently holds 12MB of data to be transferred to the main memory.

· Each data transfer between the I/O device and the I/O controller takes 80(s.

· Each data transfer using the internal bus takes 80(s

· The I/O device and the I/O controller are connected by 32-parallel wires (32 bits can be transferred in one shot).

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

· Each interrupt transfers 32 bits while DMA can transfer any number of bits (assume that it always is a multiple of 32 bits) in one DMA transfer session.

· 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 #8 (15 minutes) – 15 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 “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
(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.
Note: 90% of the credit will be given to correct algorithm descriptions that correctly explain the best algorithm complexity and the number of necessary processing units to achieve the complexity.
______________________________________________________________________________________________
CS312-001 Computer Organization & Architecture, Final Exam, Fall 2013, December 9, 2013
PAGE  
1

