CS 312 – 001
Computer Organization & Architecture
Midterm Exam No.2
Spring, 2013
2:00-3:15 P.M.

April 2, 2013
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 anything 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) – 4 points for each of the five questions
(1)
How does “paging” solve the problem of external memory fragmentation?
(2)
As we discussed in the classroom, virtual memory eliminates external fragmentation.  What are two other advantages in “virtual memory”?  Hint: We explicitly discussed one of the two advantages.  We discussed something related to the second – I hope you infer the second from our discussions in the classroom.
(3)
What are the major advantages in static optimizations (i.e., “static instruction scheduling”)?  Mention two different advantages (those that are caused by reasonably different problems).
(4)
Why do most of the computer systems today use “memory hierarchy”?

(5)
Why is “forwarding” effective to RAW dependencies, but not effective to WAR and WAW dependences?

QUESTION #2 (15 minutes) – 4 points for each of the five questions
For the following multiple-choice questions, select the option(s).  Some questions require you to select one, while others requires all that apply.  Please read each question carefully.

(1)
Regarding the following statements regarding the virtual memory pages in a VMT, select the best statement that accurately describes what information each virtual memory page holds in VMT (select the best one).
(a) A virtual memory page in the VMT holds the copy of the contents of a physical memory that is mapped to the virtual memory page.
(b) A virtual memory page in the VMT holds the address of the physical memory page that is mapped to the virtual memory page.

(c) A virtual memory page in the VMT holds the physical memory page number that is mapped to the virtual memory page.

(d) A virtual memory page in the VMT holds the list of the virtual memory pages that have been mapped to a physical memory page.

(e) None of the above.
(2)
Super-pipeline processors can cause pipeline stalls for (select all that apply):
(a) RAW dependencies

(b) WAR dependencies

(c) WAW dependencies

(d) None of the above

(3)
Suppose that the time needed for one memory access (physical memory) is TM and that the time needed for one disk access (reading/writing a memory page from/to a disk) is TD, what are the best case and the worst case in one memory access using virtual memory?  Also assume that VMT is stored in the physical memory and virtual memory is applied to the physical memory pages that are holding VMT as we discussed in the classroom (select the best one).
(a) Best: (TM), Worst: (TM+TD)
(b) Best: (TM), Worst: (TM + 2TD)
(c) Best: (2TM), Worst: (TM + TD)

(d) Best: (2TM), Worst: (2TM + 2TD)

(e) Best: (2TM), Worst: (2TM + 4TD)

(f) None of the above

(4)
Data hazards can give negative impact to (select all that apply):

(a) Processor clock cycle rate

(b) IC (instruction count)

(c) Number of GPR’s available

(d) Memory access latency

(e) None of the above

[the fifth question is attached at the beginning of the next page]

(5)
The term “page fault” means (select the best one):

(a) The physical page to be replaced must be saved to the hard disk

(b) The requested virtual memory page is not in the physical memory

(c) The requested virtual memory page is not found in the VMT

(d) The physical memory page that is being kicked out from the physical memory must be saved to the disk
(e) None of the above

QUESTION #3 (10 minutes) – 10 points
Suppose that a processor has a 64GB virtual memory address space with the physical memory of 8GB (assume that 1GB = 230 bytes).  If the page size is 2048 bytes, how large the VMT of this processor should be (in bytes)?  If you need to have your own assumption(s) to answer this question, please clearly state your assumption(s).  Show all your work.

Assume: 1KB = 1024 (= 210) bytes, 1MB = 1024KB (= 210 KB) and 1GB = 1024MB.

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 4KB (= 4096 bytes).  For each of the following three addresses 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 in the virtual memory table.  Show all your work.

Use the two tables attached at the end of this exam (in APPENDIX-1 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: What is the physical memory address for “segmented virtual memory address” of “060986”?  Show all your work.
QUESTION #5 (10 minutes) – 10 points
In APPENDIX-2, a program is shown.  The program prompts a human user to enter an integer between 1 and 20 (inclusive) and displays the number in backward.  For example, if a human user enters “8”, “12345678” should be displayed.  The program performs the task using recursive function calls.
Question: What are the three different problems (mention each of the three problems)?  Do the following two for each of the three different problems:
(1) Briefly identify each of the three different problems and briefly mention how each of the three problems should be fixed).
(2) Put a mark for each of the three problems in the program (the one attached at the end of this exam).

Assumptions:

(a) Any of the three problems is not syntax error (the syntax for every single instruction in the program is correct).
(b) The system call numbers (e.g., “1” for displaying an integer) are all correct.
(c) If you detect more than three errors, as long as you mention three of them, you will get the full credit.
(d) The stack frame is larger than necessary, but it’s OK.

(e) The three problems are all in the recursive-call module (i.e., “REC_CALL”).

QUESTION #6: Challenging Question – 10 points
We are trying to quantify the impact of the conditional branches to the performance of program executions by a pipeline processor, suing the following assumptions.

(a) A 20-stage pipeline processor (but not “super pipeline”).
(b) One conditional branch instructions appear in a program, once in every 25 instructions in average in a program.
(c) Every instruction takes exactly 20 stages (to simplify your work).
(d) Delayed branch is not applied.
(e) No other pipeline hazard will occur (to simplify your work).
(f) Each conditional instruction makes a decision (i.e., if a branch should be taken or not) at the 20th cycle of the pipeline datapath.  This processor assumes “jump not taken” for instruction fetches after each conditional branch instruction (If jump is not taken, no processor cycle will be wasted.  If jump is taken, then 19 cycles will be flashed by the processor).
(g) Each program contains a sufficiently large number of instructions (i.e., ().
Questions:
Our mission is to make sure that a pipeline processor should not be slowed down more than 15% by pipeline flashes for conditional branch instructions.

(1) What is the missing factor in the above assumptions to achieve the mission?

(2) Find the condition for the missing factor you identified in (1) above to limit the slow-down less than 15% (you need to develop a formula to calculate the .
Show all your work.  Decent partial credit will be given for any incomplete work that makes some sense for this question.
APPENDIX-1:
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