CS 312 – Computer Organization and Architecture

Final Exam, Spring 2002
April 30, 10:00-11:40 A.M.

This question is a closed-book and closed-note exam.  There are 8 questions in this exam.  You have 100 minutes to finish the eight questions.  Please write your answers on separated pieces of papers.  To avoid grading problems, please put your papers in the ascending order in the question number.  You can use a calculator during this exam (no sharing calculator, please).

Name: ________________ ID (Optional): ____________

QUESTION #1 (7.5 Minutes – 10 points):

(1) What are the four major components in a CPU?

(2) We have a CPU running at 350 MHz.  We have a program written in assembly language.  The program contains 801.1 million assembly language instructions.  It takes the CPU 4.12 seconds to finish the program (for simplicity, let us assume that each of the 801.1 millions instructions will be executed exactly once during the program execution).  What is the CPI for this CPU in this case?

(3) Show how multiplication should be performed in binary level?  Show the procedures by using multiplicand = 5(10) and multiplier = 4(10).  Your example has to show the procedures using binary representation.

(4) Show the formula for the speed-up factor for the pipelined multi-cycle data-path when the number of instructions to be executed is infinitely many.  Assume that k stands for the number of steps in the pipeline datapath and that n stands for the number of instructions.  Plot the speed-up factor for k = 5 and 10 as the number of instructions to be executed increases.

QUESTION #2 (7.5 Minutes – 10 points):

(1) What are the three techniques to reduce pipeline hazards?

(2) Draw a picture of “memory hierarchy” (as we did in the lecture).

(3) What are the four different techniques to improve cache hit rate?

(4)
What are the five most significant design factors for bus design?

QUESTION #3 (15 Minutes – 10 points):

Consider two different implementations (i.e., two CPUs with different architecture - CPU architecture means the internal design of a CPU), M1 and M2, of the same instruction set ("instruction set" means a collection of assembly instructions available at a CPU).  There are four classes of instructions (A, B, C and D) in the instruction set.

M1 has a clock rate of 800MHz.  The average number of cycles for each instruction class on M1 is as follows:

	Class
	CPI for this class

	A
	1

	B
	2

	C
	3

	D
	4


M2 has a clock rate of 1000MHz (=1 GHz).  The average number of cycles for each instruction class on M1 is as follows:
	Class
	CPI for this class

	A
	2

	B
	2

	C
	4

	D
	4


(a) Assume that peak performance is defined as the fastest rate that a machine can execute an instruction sequence to maximize that rate.  What are the peak performance of M1 and M2 expressed as instructions per second?  Show your work (i.e., your description or formula you use to calculate your solutions).  3 points for showing correct work and 1 point for a correct answer for each of the peak performance of M1 and M2 (8 points total).

(b) If the number of instructions executed in a certain program is divided equally among the classes of the instructions, how much faster (or slower) is M1 than M2?  10 points for showing a correct work (same as above) and 2 points for a correct answer.

QUESTION #4 (15 Minutes – 10 points):

Let’s modify the instruction set architecture and remove the ability to specify an offset for memory access instructions.  This modification removes the EX step from load and store instructions.  Then, all load-store instructions with non-zero offsets would be replaced by a combination of addi and load/store instructions.  Delays as specified in the following table with every step requiring 2 ns.

	Instruction Types
	IF
	ID
	EX
	ME
	WB
	Frequencies

	Load
	(
	(
	(
	(
	(
	24%

	Store
	(
	(
	(
	(
	
	12%

	Branch
	(
	(
	(
	
	(
	18%

	Jump
	(
	(
	
	
	(
	2%

	Special (R-Type)
	(
	(
	(
	
	(
	44%


What is the highest percentage of load and store instructions that have non-zero offset, if the modified instruction set architecture is better than before modification?  To simplify your work, assume the same percentage of non-zero offset for both load and store instructions.  Show all your work.  The addi instruction belongs to R-Type instruction.  4 points for correct solution and 1 points for showing correct procedures for the solution.

Assume that X is the percentage of non-zero offset.  Then, the average number of cycles for instructions (CPI) for before modification and after modification are:

QUESTION #5 (15 Minutes – 10 points):

A program repeatedly performs a three-step process.  It reads in a 8-KB block of data from disk, does some processing on that data, and then writes out the result as another 8-KB block elsewhere on the disk.  Each block is contiguous and randomly located on a single track on the disk.  The disk drive rotates at 5400 RPM, has an average seek time of 11 ms, and has a transfer rate of 16 MB/sec.  The controller overhead is 4 ms. No other program is using the disk or processor, and there is no overlapping of disk operation with processing.  The processing step takes 30 million clock cycles, and the clock rate is 500 MHz.  What is the overall speed of the system in blocks processed per second?

QUESTION #6 (15 Minutes – 10 points):

Suppose we have a memory hierarchy from CPU to the main memory.  Assuming the following, calculate the effective memory access time.  Also show the access latency tree with the probability for each branch and access latency at each terminal node in the tree.
· CPU is running at 500 MHz and its L1 cache can be accessed (both read/write accesses) in one CPU clock cycle.

· The access latency of the L2 cache is 12 ns (for both read and write).

· The access latency of the main memory is 60 ns (for both read and write).

· The ratio of read and write accesses is 75:25.

· L1 cache hit rate is 70%.

· L2 cache hit rate is 85%.

· The target data is always found at least in the main memory.

· Write-through caching policy for both L1 and L2.
QUESTION #7 (10 Minutes – 10 points):

Here is a series of address references given as word address (= byte addresses): 1, 4, 8, 5, 20, 17, 19, 56.  The byte-address starts at 0, and the set number starts at 1.  Show the hits and misses and the contents of cache at each memory reference for a four-way set-associative cache with one-word (= one-byte) block and a total size of 16 words (= 16 bytes).  Assume LRU replacement.

QUESTION #8 (15 Minutes – 10 points):

Assume a disk which has the rotation speed of 5400 RPM.  Assuming that the disk has the following specifications, design the most efficient layout (the most efficient assignment) of sectors for the outer-most and the second outer-most trucks in the drive.
· There are 48 sectors/truck

· After one sector is read, 0.5 ms is required to process the sector (such as performing error detection) before the next sector can be read.

· To move the access head from a truck to the next truck, it takes 2 ms.

· Most of the time, sectors are read in a contiguous manor (such as from sector 0, 1, 2, 3, 4 … and so on).

· Sectors are always read from the first sector on the outer-most truck of the disk (i.e., sector #0 on truck #0).

· The drive has only one access head (this is not usually true – but to simplify your work).

· Assume that sector number starts with zero in each truck.
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