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Computer Organization & Architecture
Midterm Exam No.2
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November 6, 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 “micro-coded instructions”?
(2)
RISC processors usually have a higher processor clock rate than their CISC counterparts.  Does this means RISC processors are faster than CISC processors?
[QUESTION #1 continues to the next page]
(3)
Describe exactly what will happen if we do not save and restores $ra register as shown below:
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If we do not use these two instructions, what will happen?
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If we do not use these two instructions, what will happen?


(4) What is “internal memory fragmentation”?

(5)
What are the two primary problems in virtual memory?
QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) You executed a program in a computer system.  Your program caused a segmentation fault.  What should you do to fix the problem (assume that you are the one who developed the program)?
(2)
Is it possible for one memory access request by a processor to cause exactly three disk accesses?  If no, explain why not.  If yes, explain how (all the ways three disk accesses can happen).
(3) Describe the procedure of “(hardware) interrupt”?  Hint: there are four steps.
(4)
What is “context switching”?

(5)
If our computer system does not have “interrupt”, what problems we will have?
· Our computer systems may lose the incoming messages by failing to process the incoming messages arrived at our computer systems.

· A processor in our computer system needs to periodically and frequently monitor every I/O device connected to our computer system, which will waste the processor’s cycles for nothing, if no incoming message is delivered to our computer system.

QUESTION #3 (10 minutes) – 10 points

How large the VMT will be for 512GB virtual memory with a page size is 1024 (= 1K) bytes.  4GB is installed for the physical memory.  Assume that the virtual memory system also uses dirty flags.  Show all your work.
Assume: 1M = 1024K and 1G = 1024M.

QUESTION #4 (15 minutes) – 15 points
Let us assume that we have two processors (Processor A and B).  Processor A is a CISC processor, while Processor B is the RISC-counterpart of Processor A.  The clock cycle rate and CPI of Processor A are:

Processor A:
Clock cycle rate = 1.8 GHz.


CPI = 1.3
The CPI of Processor B is:

Processor B:
Clock cycle rate = 2.7 GHz.


CPI = 0.7

Question: If Processor B should outperform A for its program execution time, what should happen?  Please quantify it (quantify the condition for Processor B to outperform A: what should happen?).

QUESTION #5 (10 minutes) – 10 points
Suppose that you bought a classic 56.7 Kbps (“K bits per second”) analog modem, which uses interrupts (receiving data) and PIO (transmitting data).  The analog modem is designed for 16-bit 8MHz ISA bus to communicate with the host computer (CPU).  Also assume the following details:

· One interrupt is generated to the processor for every 16 bits received by the modem.

· One transmission on the ISA bus requires 1.5(s (without including the time CPU executes the device driver).  The required time for transmitting 16 bits once on the ISA bus is, thus, 1.5(s plus the time the processor executes the instructions in the device driver).

· Transferring 16-bits from the modem to the memory requires two transmissions on the ISA bus (from the modem to the processor and from the processor to the modem).

· Processor clock = 1GHz (109) and its CPI is 2.0.

Question:

Ignoring any other overhead not mentioned above, how many instructions (in the device driver of the modem) the processor can execute (at most) in handling each interrupt generated by the modem?

Show all your work.  Decent partial credit will be given to incomplete work.

Assume:

· 1K = 1024 (= 210)
· 1ms = 1,000(s
· 1sec = 1,000ms (= 1,000,000(s)
· At 1GHz clock, its clock cycle time is 1ns (1(s = 1000ns), 1MHz = 106 Hz.
QUESTION #6 (15 minutes) – 10 points
In implementing virtual memory, especially on-demand virtual page on multi-tasking systems, either using small page size or large page size will not optimize the performance.

Questions:

(1) What is the major problem if an extremely small page size is applied?

(2) What is the major problem if an extremely large page size is applied?

(3) Propose a method to strike a good balance to avoid the two extreme above.  Note: you need to technically describe your solution.  For example, just saying “the page size should be set up so that either two extreme will not happen” will not be considered “technical”.  You need to technically explain how it can be achieved.

Solutions for this question will be evaluated based on the quality.  “Nothing wrong” does not necessarily result in the full credit.
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