CS 312 – 001
Computer Organization & Architecture
Midterm Exam No.1

Spring, 2013
2:00-3:15 P.M.

February 19, 2013
This exam is a closed textbook and closed note exam.  There are 6 questions in this exam.  You have 75 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) – 4 points for each of the five questions below.
(1)
What does “performance” in computer system mean (at least four examples)?
(2)
What does “low-level” in “low-level programming languages” mean?
(3)
How many bits are needed to represent integers from -8 to 7 (including 0) in 2’s complement format?  Show the binary bit pattern for each of the 16 integers in the binary format.
(4)
What is “Overflow Flag” in a processor (how is it used) – for two’s complement arithmetic operations?
(5)
What are the three major weaknesses in “unsigned integer”?
QUESTION #2 (10 minutes) – 4 points for each of the five questions below.
(1) What are the possible weaknesses in IEEE-754 floating point number system?  Identify two problems.
(2) What is (are) the advantages in using “label” in assembly programming?  Select all that apply.
(a)
Writing assembly programs easier for human assembler programmers to specify the exact memory addresses of some data or instructions for jump-destinations.

(b)
Since addresses of instructions and constant data are clearly specified, finding memory addresses will be easier for the processor, making programs execute faster.

(c)
Writing assembly programs easier for human assembler programmers by helping them for locating some instructions within an assembly source code file.

(d)
Especially because constant data can be more efficiently stored in memory, labels save the memory space in each program (smaller binary executable files).

(e)
None of the above

(3) Which of the following(s) is (are) the advantage(s) in CISC processors (compared to RISC processors)?  Select all that apply.

(a)
Faster executions of programs by smaller CPI in their instruction sets.

(b)
Faster executions of programs by a higher processor clock cycle rate.

(c)
Faster executions of programs by a larger instruction count.

(d)
Writing a complex program becomes easier for human assembly programmers.

(e)
None of the above

(4) Define MIPS rate as a function of the clock cycle rate (R) and CPI (i.e., define MPIS rate using the clock cycle rate and CPI).

(5) What is the binary bit pattern of +18(10) in the bias of 127?  Assume that the bit pattern consists of 8 bits.  Show your work.  Note: the binary bit pattern for “0” in the bias of 127 is “01111111”.  Show all your work.
QUESTION #3 (10 minutes) – 10 points
Suppose that we got two processors, processor A and B.  Processor A is a scalar processor, while B is a pipeline processor.  The two processor run at R Hz clock.  Each of their datapath consists of K steps.

Derive the speed-up factor of B to A (the factor of “how much B is faster than A”) for programs that consist of a large number of instructions.  As we did, assume that their datapaths always work perfectly.

Show all your work.

QUESTION #4 (10 minutes) – 10 points
Assuming that “tiniest negative” means the tiniest negative fraction number (no more tinier number to “0” as indicated by the figure below), what is the difference (interval) between the 18th and 19th tiniest negative fraction numbers that can be represented without any rounding error by IEEE-754 standard (i.e., the single-precision IEEE-754 floating-point numbers, as we discussed in the classroom)?  Answer this question in an exponent of 2 (i.e., “2x”).  Show all your work.

[image: image1.emf]Negative Positive

0

Tiniest

Negative

Smallest

Negative

Tiniest

Positive

Largest

Positive

Larger

Smaller


QUESTION #5: – 10 points
Supposed that the instruction mix for a program consists of the three types of instructions, integer arithmetic, memory access (load and store instructions), and branch (but no other type of instructions).  The proportions of the instruction mix in the program are 60%, 20%, and 20% for the three instruction types respectively.  The average CPI for each of the three instruction types is:
	Integer Arithmetic
	Memory Access
	Branch

	4 cycles
	18 cycles
	8 cycles


Question: If the performance (in execution time) of this processor for this program needs to be improved by 25%, what should be the average CPI for memory access instructions if there is no improvement for either the integer arithmetic or branch instructions?  If it is impossible to achieve the 25% improvement, describe the reason.

Show all your work.
QUESTION #6: – 15 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 -1163.75 (negative 1163.75) using the double-precision floating-point number in IEEE-754.

Show all your work.
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