CS 312 – Computer Organization & Architecture
Midterm Exam No.2
Spring, 2011
12:00-1:15 P.M.

April 4, 2011
This exam is a closed textbook and closed note exam.  There are 7 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 (10 minutes)
(1)
What is “memory external fragmentation”?
(2)
What is “logical memory address space”?
(3)
We discussed that the deeper the pipeline, the better expected speed-up from the scalar datapath.  Then, why not a really deep pipeline (such as the number of pipeline stages more than 100 stages or so) available?  Mention at least two different reasons.
(4)
What are the two primary advantages in “virtual memory”?
(5)
In order to solve the register-overwrite problem, what should we do?  Show what are supposed to be done in the subroutine.
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QUESTION #2 (15 minutes)
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)
If paging is used for memory system, which of the following types of memory fragmentation can happen?  Select all that apply.
(a) Internal fragmentation

(b) External fragmentation

(c) Neither internal fragmentation or external fragmentation

(d) We ca not tell.

(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)
For what types of data dependency (dependencies) does “forwarding” mitigate (or eliminate)?  Select all that apply from the following list.

(a) WAR dependencies

(b) RAW dependencies
(c) WAW dependencies
(d) None of the above

(4)
Suppose that we have a pipeline processor with five stages.  If we execute a huge number of instructions (e.g. IC (instruction count) ( (), what will be the effective CPI?  The effective CPI is defined as: (the number of instructions executed)/(the number of processor clock cycles used).  You can assume that there is no pipeline stall or flash due to pipeline hazards.  Select the best.
(a) 1.0

(b) 2.0

(c) k (where k = the number of pipeline stages in a pipeline datapath)

(d) k/2

(e) We really can’t tell

(5)
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

(6)
Although many pipeline processors have at least five stages of IF, ID, EX, ME and WB, not all instructions in the processors use all the five stages.  Which of the following statements are correct (select all that apply)?
(a) load instructions do not use EX since they are not arithmetic instructions

(b) jump and branch instructions do not use EX, since they have nothing to do with arithmetic operations
(c) bit manipulation instructions (such as left/right-shift, and left/right rotate) do not use EX since they are not performing any arithmetic operations
(d) jump and branch instructions do not use ME, since they have nothing to do with memory access

(e) any instruction can not skip IF and ID

(7)
If a processor has a large instruction set (and nothing else changes) – select the best one:
(a) The processor will run faster
(b) The processor will run slower

(c) There should not be any impact to the performance of a processor

(d) We really can not tell anything about it.

(8)
Which of the following pipeline hazard(s) can not be handled by static instruction scheduling methods?  Select all that apply.

(a)
Structural hazards

(b)
Data hazards

(c)
Control hazards

(d)
None of the above

(9)
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 is not in the physical memory

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

(d) The portion of the VMT needed to find the physical page number is currently not in the physical memory
(e) None of the above

(10) Which of the following issues RISC processors are usually good (better than CISC processors)?  Select all that apply.

(a) Internal cache memory

(b) Number of memory accesses by a processor

(c) Ease of assembly programming

(d) CPI

(e) Program size

QUESTION #3 (10 minutes)
Given a pipeline processor that has k stages.  If every instruction requires exactly k cycles to complete, how much is the pipeline processor will be faster than the scalar processor that has k stages (the two processors’ clock rate should be the same)?  Assume that the number of instructions to be executed is significantly huge (you can assume that it is ().  Show all your work.
QUESTION #4 (10 minutes)
Suppose that a processor has a 64GB virtual memory address space with the physical memory of 1GB (assume that 1GB = 230 bytes).  If the page size is 256 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 #5 (10 minutes) – This is one of our in-class exercise questions
Optimize the execution of the assembly instructions (eliminate as many pipeline stalls and flashes as possible) for the following C++ program, using static and dynamic instruction scheduling techniques (loop unrolling, instruction reordering, register renaming and delayed branch).  Show all your work.
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· The term “register renaming” means a technique the compiler assigns (renames) a different register to the instructions that appeared in a program to eliminate stalls or flashes.

Assume that program above is compiled to the following processor instructions:
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In the above program:

· r2 register holds the memory address of the last element in the array.

· r1 register holds the memory address of the first element in the array.
· T0 register holds the constant “10.19”.
· The loop is always repeated 1,000 times and it will never be changed.

Use the following assumptions:

· The processor is a pipeline (not super scalar or super-pipeline)

· Number of instructions the delayed branch can move: two instructions
· There are infinite number of registers (GPR’s) available in the processor

· For data dependencies, the following number of pipeline stalls are applied:
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QUESTION #6: Challenging Question
Since virtual memory slows down the processor, a set of special registers in a processor are used to hold the copy of the most recently used elements in the VMT (typically 20 through 50 such special registers), which avoids the processor to access the VMT stored in the memory (thus memory does not have to be accessed more than once).  Construct a tree graph that shows all the possible different cases for memory access latency for each memory access b y a processor.  Assume that both “valid” and “dirty” flags are used in the VMT.
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QUESTION #7: Challenging Question
Estimate how much faster a processor can be when the delayed branch is used?  Use the following assumptions?
· The processor has a pipeline datapath, which consists of 20 stages.

· Since conditional branch instructions of the processor do not use the memory access unit, they skip the ME stages and they update the PC at the end of 18th stage.

· A conditional branch appears once in every 10 instructions in your program.

· The conditional branch instructions take branch in 40% of chance (i.e., they do not branch in 60% chance).
· In fetching instructions after a conditional branch instruction, the processor assumes the ones that immediately follow a conditional branch instruction.

· If there is any data dependency between the instructions to be moved after the conditional branch instruction and the conditional branch instruction, those instructions can not be moved to after the conditional branch instruction.  For simplifying this question, assume that such data dependencies never happen.

· Assume that no other pipeline hazards, such as data hazards or structural hazards, can happen.

Show all your work, but you do not finish your calculation.  Show your formula to calculate how much it is faster with all the parameters properly set up in your formula.
Hint:
“How much faster” (= “speed-up factor) = (execution time w/out delayed branch)/(execution time w/ delayed branch).
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