CS 312-001
Computer Organization & Architecture
Final Exam
Spring, 2014
12:00-1:40 P.M.

May 8, 2014
This exam is a closed textbook and closed note exam.  There are 7 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 (15 minutes) – 20 points (4 points for each)
(1)
What does “performance” in computer system mean (at least four different major definitions)?
(2)
What is the primary purpose of writing programs using assembly instructions (mention two advantages)?
(3)
What are the three major weaknesses in “unsigned integer”?
(4)
Which of the following load instructions does (do) not access memory at all (select all that apply)?
[image: image1.emf]li (load immediate)

la (load address)

lb (load byte)

lw (load word)

lhw(load half-word)


(5)
Show the binary bit patterns for the tiniest negative number in IEEE-754 floating point numbers.
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QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) How will “-1(10)” be represented using n-bits two’s complement number?
(2)
Which of the following datapath architectures will suffer from WAR data dependency (select all that apply)?
(a) scalar datapath
(b) pipeline datapath
(c) super-scalar datapath

(d) super-pipeline datapath

(e) none of the above

(3)
What are the major advantages in static optimizations (i.e., compile-time performance optimization for rescheduling instructions)?  Mention two different primary (major) advantages.
(4)
Compare CISC and RISC processors for the following factors:
	Factors
	CISC
	RISC

	# of available GPRs
	
	

	Size of the internal cache
	
	

	Program size (IC)
	
	

	CPI
	
	

	Clock cycle rate
	
	


(5)
Processors with a lower clock rate can execute the same binary programs faster than the processors with a higher clock rate.  How is this possible?
QUESTION #3 (15 minutes) – 20 points (4 points for each)
(1)
How does “paging” solve the problem of memory external fragmentation?
(2)
Why do most of the computer systems today use “interrupt”?
(3)
What are the two primary factors that decrease the degree of parallelism (the term “degree of parallelism” means how many parallel processors can work physically at the same time and for how long they can work in parallel)?
(4)
What is the primary goal for “hyper threading”?
(5)
Why not Intel make “hyper threading” “hyper processing”?
QUESTION #4 (10 minutes) – 10 points
IEEE-754 floating-point standard has another sub-standard, called “double precision floating-point numbers”, which has 11 bits for exponent and 54 bits for significand.  The basic idea is not changed at all, except that the two fields (exponent and significand) are extended and that “bias of 1023” is used for the exponent bits.

Show the bit pattern for -212.4375 (negative 212.4375) using the double-precision floating-point number in IEEE-754.

Show all your work for full credit.
QUESTION #5 (15 minutes) – 15 points
How much (or how often) can conditional branch instructions appear in binary executable programs if the delayed branches (under the following conditions) should improve the performance (execution time) of programs by 25%?  

· The processor has a pipeline datapath, which consists of 18 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 16th stage.

· The conditional branch instructions take branch in 35% of chance (i.e., they do not branch in 65% 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.
· Programs consists of N instructions (N = ()
Show all your work.
Hint:
“How much faster” (= “speed-up factor) = (execution time w/out delayed branch)/(execution time w/ delayed branch).

QUESTION #6 (15 minutes) – 15 points
A hard disk drive is connected to the system bus through the hard drive controller (as shown below).  The data read from the hard drive should be transferred to the memory through the CPU using hardware interrupts.  For the following assumptions, what is the max. theoretical disk access throughput of this hard drive using hardware interrupt to process disk I/O (answer the throughput in “bytes per second)?
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Assumptions:

· The system bus is 16 bits (16 parallel data wires).

· For each 16 bits to transfer, one hardware interrupts is generated by the hard drive controller to the CPU.

· The CPU requires 80 CPU cycles for performing one context switching

· The CPU requires 125 CPU cycles to scan the interrupt table for finding the memory address of the device driver for the hard drive.

· The CPU requires 60 CPU cycles to perform one data transfer from the hard drive controller to the CPU.

· The CPU requires 60 CPU cycles to perform one data transfer from the CPU to the memory.

· The CPU is running at 800 MHz clock

Ignore any other overhead.  Assume 1MHz = 106 Hz.   Show all your work for full credit.
QUESTION #7 (15 minutes) – 15 points
Sorting is one of the categories many computer scientists have been working to optimize algorithm complexity.  Quick sort is one of the fastest, therefore, the most popular, sorting algorithms used by many application programs today. Quick sort works in the following way:
Assumptions:

(a) There is an array of N elements

(b) Each element in the array is an integer

Quick Sort Algorithm:
Step (: Pick up the first (the left end) element in the array (it’s “3” in the example below) and call it “pivot”

Step (: Prepare two new empty arrays

Step (: Scan each element in the array with N elements and move each element that is smaller than the pivot (i.e., “3”) to the first empty array (the left one) and move each element that is larger than or equal to the pivot to the second empty array (the right one).

Step (: Repeat ( and ( so that each array has only one entry (or all elements in an array are the same).
Step (: Concatenate all arrays from the left to the right, to make one array of N elements.
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Questions (show all your work to make it clear how you reached your conclusions):
(1) What is the “Big-O” algorithm complexity of Quick Sort using a SISD architecture computer (ignore Step ( in your analysis)?
(2) What is the “Big-O” algorithm complexity of Quick Sort using a SIMD architecture computer (ignore Step ( in your analysis)?

Assume the followings:

· You always have infinite capacity of memory (for both SISD and SIMD architecture computers)

· You always have an infinitely large number of processing units in a SIMD architecture computer
· All processing units in a SIMD architecture computer can read from a memory address physically at the same time

· Preparing whatever size of an array requires a constant time (i.e., O(1))
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