CS 312 – Computer Organization & Architecture
Final Exam
Fall, 2012
8:00-9:40 A.M.

December 12, 2012
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 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 (13 minutes) – 4 points for each
(1)
What is “Moore’s Law”?
(2)
What is the software tool that translates “assembly source code files” into “binary executable files”?
(3)
What is the condition for a mathematical operation (such as +, -, and () on two’s complement numbers to cause an error (the result of the operation becomes an error)?

(4)
What are the two primary weaknesses in “unsigned integers”?
(5)
What are the two problems in “sign magnitude integers”?
QUESTION #2 (12 minutes) – 4 points for each
(1)
Which of the following pipeline hazards can happen for VLIW processors (select all that apply)?  Assume that each EX unit in a VLIW processor is independent (no way to communicate with other EX units).
(a) WAR data dependency hazards

(b) RAW data dependency hazards

(c) WAW data dependency hazards

(d) None of the above

(2) Can the following two instructions (the lw instruction immediately follows the addi instruction) cause any data hazard for super-pipeline processors?  If yes, technically show how it is possible.  If not, technically explain why not.

addi
$s1, $t0, -250
// $s1 = $t0 - 250
lw

$t0, ($a0)
// $t0 ( MEM[$a0]
(3)
Which of “variable-size instructions” or “fixed-size instructions” has lower CPI?  Why?
(4)
What are “dynamic optimizations (i.e., “dynamic instruction scheduling”)”?
(5)
What are the two operations “jal” instruction performs?
QUESTION #3 (10 minutes) – 4 points for each
(1)
What are the two methods most of the computer systems use to send (“write” or “output”) data to I/O devices?
(2)
What are the two primary problems or “polling” compared to “DMA” for handling I/O events?

(3)
As we discussed, most of the multi-core GPU graphic systems use four-layer architecture (user applications, standard graphic libraries (e.g., OpenGL and Direct-3D), device driver, and the graphic cards.  Why do not such graphic cards communicate directly with the standard graphic libraries (skipping the device driver)?
(4)
What are the two advantages in “virtual memory”?
(5)
What is the advantage of using separate address space I/O?
QUESTION #4 (10 minutes) – 10 points
Transform the following decimal number to the two’s complement binary number (using the 32-bit format: your processor is a 32-bit architecture processor): -95(10).  Show all your work.

QUESTION #5 (10 minutes) – 10 points
IEEE (Institute of Electrical and Electronics Engineers) has another standard for floating-point numbers, called “double precision”.  Its only differences are the number of bits for the exponent and the significand and the use of “bias of 1023”.  In the double precision format uses 11 bits for the exponent and 52 bits for the significand.  For the exponent, it applies “bias of 1023”.
Question: In IEEE-754 double-precision floating point numbers, what is the absolute difference between “the second largest negative” and “third largest negative”?  Please show the difference as a value.  Show all your work for full credit.
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QUESTION #6 (10 minutes) – 10 points
Assume that we have two processors:

(a) Scalar-architecture processor (Processor A)

(b) Super-pipeline architecture processor (Processor B)

They are:

( Both have a clock cycle rate of R Hz
( Both have a datapath that consists of k stages

( Both execute a program that contains n instructions

( The number of instructions to be executed (n) is huge so that we can assume n = (.
( There is at least one missing parameter that is necessary for Processor B to solve this question.
Estimate how much faster B will be compared to A, after you identify the missing parameter (use the parameter in your work)?  Please do not solve the above question for a specific value for each of the given parameters.  Show all your work (failing to show your intermediate work will earn up to 20% of the full credit).

QUESTION #7 (10 minutes) – 10 points
Suppose that there is an I/O device that uses interrupt (and no DMA).  The I/O device is a network interface card (NIC).  The processor is a 16-bit architecture processor and the bus is also a 16-bit bus (16 parallel wires) to hook up all the components.  Use the following assumptions:
(a) To transfer 16-bit data through the bus, it will take 25(s

(b) Each context switching takes 4(s

(c) Every time the I/O controller receives 16 bits of data (to memory), it will issue an interrupt to the processor

(d) For the processor to access the control register of the I/O device, it also takes the processor 25(s

(e) The processor must store each 16-bit data to the memory through the bus

(f) No other I/O device uses the bus (i.e., the bus is always available)

(g) The I/O controller has two 16-bit memory buffers and it uses the two buffers alternatively (when the controller is waiting for the processor to transfer the previous data, it uses the other buffer).
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Question: Given the above assumptions, how fast can the network connection for this NIC be not to lose any data received?  Find how fast the network connection can be in terms of “bits per second”.  Ignore any overhead that is not mentioned above.  Show all your work.
QUESTION #8 (15 minutes) – 10 points
This is a question regarding the SIMD parallel computer architecture we discussed for multi-core GPU graphic systems.  A N2 matrix is a set of N2 numbers (where N is some integer, larger than 1) laid-out as shown below.
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A matrix-multiplication of two N2 matrices produces another N2 matrix as shown below:
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Its idea is not very complex.  In a matrix-multiplication of two N2 matrices, for each element, (i,j, the following operations are performed:
(i,j = ((i1 ( (1j) + ((i2 ( (2j) + ((i3 ( (3j) + ( ( ( + ((iN ( (Nj)
As a result, there will be N ‘(’ (multiplications) and (N-1) ‘+’ (additions) for each (i,j (that’s it!).
If our processor is a single-core processor, each N2 matrix multiplication will perform N ( N2 = N3 multiplications and ((N-1) ( N2) additions.  Thus, performing a N2 matrix multiplication using a single-core processor requires (N3 + ((N-1) ( N2)) steps.
Question: Let us assume that we got a SIMD processor.  How many steps are required to perform a N2 matrix multiplication using the SIMD processor?  Let us assume that the SIMD processor has an infinite number of “execution cores” in it (this can not be real, but for simplifying this question).  Ignore any activity other than ‘(’ or ‘+’.  Show your work (i.e., show how you get your solution).  Hint: which operation(s) can be performed in parallel, if we have a SIMD computer with ( execution cores?  Each execution cores can executes a mathematical operation at one step.
Note: If more than one operation can be performed physically at a time using multiple processing cores, we count them as “1 step”.
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