CS 312-Computer Organization

Final Exam
Fall, 2003
6:30-8:10 P.M.

December 15, 2003

This question is a closed-book and closed note exam.  Calculator and one letter-size cheat sheet are allowed.  There are 9 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 papers in the ascending order in the question number.

Student ID (the last six digits): ___________________

QUESTION #1 (10 Minutes)

(1) “throughput” means the number of jobs (or programs) finished within a unit of time (such as one second).  It seems that throughput and response time mean the same thing, because if a program finishes quicker (short response time), we can finish more programs (better throughput).  However, in some cases, throughput can be improved while the response time remains the same.  Show how this is possible by giving an example (the example in the textbook is just fine).

(2) Design the internal logic design for the carry-out line for 1-bit adder unit (the one we came up with in the classroom, please).
(3) Design the internal logic design for the output line for 1-bit adder unit (the one we came up with in the classroom, please).  Design the logic circuit using two XOR gates.
(4) Assume the following program control structure in C language.
[image: image1.wmf]    

if
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i < j)

        

printf
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i is smaller than j)

    

else

        

printf
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i is NOT smaller than j)


Write an assembly program that implement the program control structure above using assembly instructions based on the following assumptions:
· $S0 register holds the value of variable i

· $S1 register holds the value of variable j
Note: You need to use system calls to print the messages.  The example of the system call is as shown below:
[image: image2.wmf]MSG:

asciiz. “Hello World!”

li

$v0, 4

la

$a0, MSG

syscall

jr

$31


(5) How long will it take to execute four instructions, each of which requires four CPU cycles (assuming a CPU running at 750MHz)?

QUESTION #2 (10 Minutes)

(1) Given a pipeline datapath with k stages, which has clock cycle rate of f, what is the expected execution time for n instructions (assume that each of n instructions use all five datapath stages).

(2) In what situation, delayed branch will not improve the performance for a conditional branch instruction?  Mention two such situations.

(3) Answer the following two questions: (a) What is “the normalized notation” (= define what is “the normalized notation”)?  (b) Show the normalized notation for the following decimal fraction number.

The decimal number: -0.0078349(10)
(4) What are the advantages in using multi-cycle datapath instead of single-cycle datapath?

(5) What are the three major pipeline hazards we discussed in the classroom (you do not have to describe them, but just name the three pipeline hazards)?
QUESTION #3 (10 Minutes)

(1) Show the five steps in accessing data in memory (with timeline).

(2) Show (by a picture) how a CPU accesses a memory address.  Show the types of signals made for a CPU to access data at a particular memory address.  Show all the major components that are involved in memory accesses (ignore L1 and L2 caches).
(3) What is the primary advantage and disadvantage in direct-mapping scheme (You can mention only one for each) compared to fully-associative scheme?

(4) Answer the following two questions.  (a) What is the advantage in using “block” memory access?  Mention one, but most important, advantage in using blocks for accessing data in memory.  Your solution should be specific.  For example, “To improve memory access latency” is not specific enough.  (b) What is the relationship between “page” and “block”?

(5) Show the six steps to be performed by virtual memory if a page fault happens.
QUESTION #4 (10 Minutes)

Our favorite program runs in 8 seconds on computer A, which has a 600 MHz clock (= clock cycle rate = 600MHz).  We are trying to help a computer designer build a computer B, which will run this program in 5 seconds.  The designer has determined that a substantial increase in the clock rate is possible, but this increase will affect the rest of the CPU design, causing computer B to require 1.42 times as many clock cycles as computer A for this program.  What clock rate should we tell the designer target?  Show your work.

QUESTION #5 (10 Minutes)

Given “(MSB)1000 0000 0000 1011(LSB)”, answer the following questions:

(1) Perform bit-wise exclusive-OR to “1000 0000 0000 1010”?  Show the bit pattern after bit-wise exclusive-OR is performed (show all 16 bits).

(2) What is the two’s complement of the number?

(3) What is the value of the number if we treat it as unsigned integer?

(4) What is the value of the number if we treat it as signed integer?

QUESTION #6 (10 Minutes)

Assume that we have a CPU with a pipeline data path that has k pipeline stages (6 < k).  The size of the branch slot in this CPU is six cycles.  Now we are applying delayed-branch to assembly programs to be executed by this CPU.  For the programs executed by this CPU, branches are taken for 80% of their executions.  It was also found that in 30% of time, delayed-branch could not be applied because of data dependencies between the instructions.  Let’s assume that any of the six instructions could not be moved after a branch instruction for 30% of time and for the rest, all six instructions could be moved to the address after a branch instruction, to simplify this question.

Question: In order for the slow-down due to conditional branch instructions to be less than 25% (after delayed-branch is used), what should be the frequency of branch instructions in your programs (i.e., how much of the assembly instructions could be conditional branch instructions)?  Show your work.
QUESTION #7 (10 Minutes)

Assume that there is a PC that has 64MB (MB = Mega Bytes and 1MB = 1024KB) and 256KB cache memory (KB = Kilo Bytes and 1KB = 1024 bytes).  Each block consists of 4 words (i.e. block size = 4 words and 1 word = 2 bytes).  How does the address specified by the CPU look like for (a) Fully-associative and (b) set-associative cache mapping schemes (not for direct-mapping - show how many bits are assigned to each components in the addresses the CPU generates)?  Assume that there are 16 blocks in one set for set-associative scheme.  Show your work.
QUESTION #8 (15 Minutes)
Suppose we have a memory sub-system that consists of only L1 cache and the main memory (i.e., no L2 cache and ignore CPU registers).  In order for the average access latency to be less than 11.2 ns, what is the maximum probability of hitting a dirty destination in case of L1 cache misses?  Assume that any data requested is at least in the main memory.  Show your work.
· The access latency of the L1 cache memory is 8ns for both read/write accesses.

· The access latency of the main memory is 45ns for both read/write accesses.

· The ratio of (read accesses):(write accesses) = 80:20.

· The L1 cache hit rate of read accesses is 90%, while that is only 35% for write accesses.

· The probability of the L1 cache is full is 10% for both read and write accesses.

· Assume that the probability of the L1 cache destination being dirty is same for both read and write accesses (this is to simplify your work).

· Assume that “write” to the L1 cache in case of read-miss at L1 can be overlapped to delivering data to the CPU.

· Ignore any overhead at the memory controller and the cache controller (this includes search overhead in the cache controller).

Suggestion: If you are running out of time, just set up an equation and you can skip the rest.  As long as your equation is correct, at least 75% of the credit will be given.

QUESTION #9 (15 Minutes)

We have a system that has the memory hierarchy that consists of CPU registers, L1 cache memory, L2 cache memory, main memory and the disk.  We can always find our target data in disk.  The hit rate is the probability of finding our target data in a particular device.  The hit rate is not the probability of how much data comes from each device as we discussed in the classroom and therefore the total of the hit rate for the top four devices (CPU registers, L1 cache, L2 cache and main memory can exceed 100%).

Question: What is the average access latency for read accesses in this memory hierarchy (assume that we use “write-through” caching scheme for L1 and L2 cache memory and that the disk access latency includes all overhead) with the following hit rate?
· Registers:   delay = 1ns, hit rate = 20%

· L1 Cache:  delay = 2ns, hit rate = 40%

· L2 Cache:  delay = 4ns, hit rate = 15%

· (Main) Memory:  delay = 8ns, hit rate = 80%

· Disk (Hard Drive):  delay = 100(s, we always find target data in disk

Suggestion: If you are running out of time, just set up an equation and you can skip the rest.  As long as your equation is correct, at least 75% of the credit will be given.
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