CS 312 – Computer Organization & Architecture
Final Exam
Spring, 2011
10:00-11:45 A.M.

May 3, 2011
This exam is a closed textbook and closed note exam.  There are 9 questions in this exam.  You have 105 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 does “compiler” translate into what (this question asks two things)?

(2)
What is the concept that means that low-level details are hidden to offer a simpler model at higher levels
(3)
What are the six different types of instructions available in a typical (general-purpose) processor?  Name the six different types.
(4)
Show the binary bit pattern of -480(10) (negative 480) using 16-bit 2’s complement integer format.  Show all your work.
(5)
What are the problems in representing fractions using the “fixed-point” method?

QUESTION #2 (10 minutes)
(1)
What are the two things “jal” instruction does?
(2)
Describe exactly what will happen if we do not save and restores $ra register as shown below:
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(3)
Suppose that a VLIW architecture processor is used in a computer system to execute programs in the computer.  To take the advantage in the VLIW architecture, what should be done for the programs written in a high-level programming language before they are executed?
(4)
If we want to reduce memory space waste due to internal fragmentation at the same time we try to eliminate external fragmentation without using compaction, what should we do?
(5)
For the processors that use the R-R (register-register) instruction set architecture, which of CISC or RISC processors will take more advantage of the R-R architecture and why (explain why using up to 40 words)?

Circle one: CISC  or  RISC

Why (using up to 40 words):

QUESTION #3 (10 minutes)
(1)
Why is “memory external fragmentation” a serious problem?
(2)
If virtual memory is used, how many times hard drives can be accessed in the worst case?  Assume that accessing VMT can cause a page fault.  One disk access can read/save a page from/to the hard disk.
(3)
The ratio of the main memory capacity and the cache memory capacity is one of the factors that determine the cache hit rate.  If the cache hit rate suffers due to the relatively (relative to the main memory) small capacity of the cache, which of the write through or write back is better?  Briefly justify your choice.
(4)
What are the two primary advantages of a floating-point numbering system, compared to a fixed-point numbering system (assuming that the same number of bits is used for the two systems)?
(5)
What are the advantages and disadvantages in static instruction scheduling techniques, compared to dynamic instruction scheduling techniques (mention as many as you know about them)?

QUESTION #4 (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)
Which of the following statements is true regarding the relationship between assembly instructions and binary machine codes of a processor (select the best one)?

(a)
One particular assembly instruction for a processor always uniquely corresponds to a particular binary machine code of the processor (i.e., “one-to-one”).

(b)
One particular assembly instruction for a processor corresponds to multiple different binary machine codes of the processor (i.e., “one-to-many”).

(c)
Many assembly instructions for a processor correspond to a particular binary machine code of the processor (i.e., “many-to-one”).

(d)
Each of many assembly instructions for a processor corresponds to many different binary machine code of the processor and each of many different binary machine codes in a processor corresponds to many different assembly instructions (i.e., “many-to-many”).

(f)
None of the above is true.

(2)
Which of the following lw instructions is (are) not valid (the one that will cause error in PC-SPIM assembler)?  Select all that apply.
(a)
lw    $v0, -812($a2)
(b)
lw    $t0, $t1
(c)
lw     $s3, ($a1)
(d)
lw    $s0, LABEL1
(e)
lw    $s0, (1024)

(f)
lw     $t1, -8921
(g)
All of the above are valid lw instructions

(3)
Super-scalar processors can cause pipeline stalls for (select all that apply):
(a) RAW dependencies

(b) WAR dependencies

(c) WAW dependencies

(d) None of the above

(4)
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

(5)
In IEEE-754 floating-point standard, “the normalized format” applied to the section of the significand bits is (select one):

(a)
To avoid two different expressions for “0.0000”.

(b)
To save a bit in the significand bits by assuming “1” in their right-most bit.

(c)
To save a bit in the exponent bits by assuming “1” in their right-most bit.

(d)
To implement “bias of 127” for the significand bits

(e)
None of the above

(6)
If the pipeline datapath of a processor is deepened, which of the following is (are) true?  Select all that apply.

(a)
Programs run faster since each instruction takes less time to be executed in the processor datapath.

(b)
Programs run slower since each instruction has to go through a larger number of pipeline stages

(c)
Programs run faster since resolving RAW dependencies is easier in a deep pipeline

(d)
Programs run slower since it takes more time for decoding each instruction.

(e)
none of the above

(7)
For DMA (direct memory access), which of the followings is the most essential to take the full advantage of DMA?  Select the best one.

(a) large L1 cache memory

(b) a processor with a high clock cycle rate

(c) a processor with a low CPI

(d) stream-oriented I/O devices

(e) large shared memory

(8)
The physical address of a data in memory is translated from the following portions of a virtual address (select all that apply):

(a) Page number and frame number
(b) Page number and offset
(c) Frame number and offset
(d) None of the above

(9)
Find the best keyword for the blank in the following sentence (select one):

“One of the most important abstractions is the interface between the hardware and the lowest-level software.  Because of its importance, it is given a special name: ____________”.

(a)
Central processing unit (CPU)
(b)
Instruction set architecture

(c)
Assembler
(d)
Very-large scale integrated circuit
(e)
Compiler
(10)
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

QUESTION #5 (10 minutes)
Suppose that a processor has a 16GB virtual memory address space with the physical memory of 64MB (assume that 1GB = 230 bytes).  If the page size is 4KB, how large the VMT of this processor should be (in bytes)?  If you need to have your own assumption(s) to answer this question, clearly state your assumption(s).  Show all your work.

Assume: 1KB = 1024 (= 210) bytes, 1MB = 1024KB (= 210 KB) and 1GB = 1024MB.

QUESTION #6 (10 minutes)
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.

Show the bit pattern for -392.6875(10) (negative 392.6875(10)) using the double-precision floating-point number in IEEE-754.  Show all your work for full credit.
QUESTION #7 (10 minutes)
Suppose the following details, if a pipeline processor should be slowed down by pipeline flashes for conditional branch instructions no more than 15%, what should be made sure?  Show all your work.
· A 20-stage pipeline processor (but not “super pipeline”).

· One conditional branch instructions appear in a program, once in every 25 instructions in average in a program.

· Every instruction takes exactly 20 stages (to simplify your work).

· Delayed branch is not applied.

· No other pipeline hazard will occur (to simplify your work).
· A decision for a jump to be taken or not is also made at the 20th cycle of the pipeline datapath.

· This processor assumes “jump not taken” for instruction fetches after each conditional branch instruction.

· Each program contains a sufficiently large number of instructions (i.e., ().
QUESTION #8 (10 minutes)
Suppose that a system administrator builds a cluster of identical disk drive units, all of which have identical contents.  Also the cluster of the drives has the following properties:

· Each drive unit completes a disk access request with 125ms in average.

· The computer system that uses the disk cluster generates 250 disk access requests per second.

· Disk access requests will be dispatched to the disks in the cluster evenly.

· It really does not matter which drive unit responds to disk access requests, since all the units are identical in performance and contents.
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Question:

How many disk drive units are needed in the cluster to keep the queuing delay at each unit less than 0.5 second?  Show all your work.
QUESTION #9 (15 minutes)
For the following sequence of the high-level programming language statements, answer the question given after this description.  You have options of ( the Accumulator architecture, ( Register-Memory (RM) architecture, ( Register-Register (RR) architecture, and ( Memory-Memory (MM) architecture.  Use the following assumptions:

Assumptions:

(1)
Each ALU operation in an instruction takes 4ns
(2)
Each memory-reference operation in an instruction takes 45ns (no matter if it is a part of arithmetic instruction or an independent memory access instruction such as LOAD and STORE).

(3)
MOVE instruction is used to copy the content of a register to another and each always takes exactly 4ns.
(4)
Each variable used in the high-level program (shown below) is stored in the memory and none of them is in a register before the program is executed.
(5)
Any new value must be stored back to a variable in the memory.
(6)
Ignore any other overhead.
For example, “ADD [X], [Y]” in MM architecture, its symbolic notation is:
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Since this instruction contains two memory references and one ALU operation (“+” operation), its execution time is (45 + 45 + 4)ns = 94ns.

Similarly, “ADD R1, [X] in RM architecture (where “R1” means a register) is:
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[image: image5.emf]X := S + K;

Y := Z + S;

V := Y + X;

X := S + K;

Y := Z + S;

V := Y + X;

which requires (45 + 4)ns = 49ns.  This is because one memory reference of 45ns and one LAU operation (“+” operation) of 4ns.  Input from R1 register to ALU and output from ALU to Acc. Register both take 0ns.  Finally, MOVE instruction always takes always exactly 4ns (because it does not access any memory).
Questions: Which of ( Acc architecture, ( RM architecture, ( RR architecture or ( MM architecture will result in:

(a) The shortest execution time for the program shown at the end of the previous page.  Mention which architecture(s) will produce the best execution time and how long the best execution time is.
(b) The smallest program footprint in the memory (the program size in the number of instructions) for the program shown at the end of the previous page.  Mention which architecture(s) will produce the smallest program footprint and how many instructions.
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