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

Fall, 2012
9:30-11:45 A.M.

October 2, 2012
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 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 (15 minutes) – 4 points for each of the five questions below.
(1)
What is “Moore’s Law”?
(2)
What are the two problems in “sign magnitude integers”?
(3)
What is the most serious problem in “fixed-point notation” of fraction numbers?
(4)
Show all the possible numbers (in the binary format, in 2’s complement with their decimal expression) a processor can use if four bits are used (including the sign bit) for 2’s complement number?
(5)
Which of the following lw instructions is (are) not valid (the one that will cause error in PC-SPIM assembler) and why not for the one (ones) that is not valid?

(a)
lw    $v0, 89

(b)
lw    $v0, ($a2)

(c)
lw    $s1, $s2

(d)
lw    $a1, MY_LABEL – assume that “MY_LABEL” is properly defined somewhere in your assembly source code file.

(e)
lw    $v0, -812($a2)

(f)
All of the above are valid lw instructions

QUESTION #2 (10 minutes) – 10 points
Show the binary bit pattern for -12.4375(10) using IEEE-754 floating-point format (single precision).  Show all your work.

Sign bit:

Exponent bits:

Significand bits:

QUESTION #3 (10 minutes) – 10 points

The program above requests a user to enter two numbers, one at a time.  Each number is prompted a user with a message.  After that, the program tests if the entered number is within a range 0 – 256 (inclusive), for one at a time.  Then, the program compares the two numbers and displays the result.  If the two numbers are equal, it displays so.  Otherwise it displays a message that indicates the two numbers are not equal.  At the end, the program should properly terminate.
Question: There are three things that are not correct.  What are they?  Mark the three problems in the program above.
Hints: The problems are neither syntax error nor illegal instructions.
Note: “slt” means ‘set if less than”.  “slt  $t0, $s3, $s4   # $t0 = 1 if $s3 < $s4 otherwise $t0 = 0.
QUESTION #4 (10 minutes) – 10 points
We have a processor based on CISC architecture, called Processor A.  The processor clock cycle rate and CPI of processor A are:

Processor A (CISC processor):
Clock cycle rate = 850 MHz

CPI = 1.6
Now a new RISC processor is being developed, called Processor B.  The processor clock cycle rate and CPI of processor B are:

Processor B (RISC processor):
Clock cycle rate = 1.4GHz


CPI = 0.92
Suppose we have a program that can be compiled/assembled to A and B.  How can Processor A perform as fast as Processor B for executing this program (quantify the condition)?  Assume that 1MHz = 106Hz (processor cycles) and 1GHz = 109 Hz.  Show all your work for full credit.
QUESTION #5 (15 minutes) – 30 points
Is each of the following statements true or false?  Please choose either TRUE or FALSE (no “it depends”).  It is your responsibility to clearly indicate which option you chose.  For this question, you must answer TRUE or FALSE below (no need to provide answers in separate paper).
(1)
Given N bits for sign-magnitude integers, the maximum (positive) and the minimum (negative) numbers are

 + 2(N-1) and – 2(N-1).

[TRUE

FALSE]

(2)
Fixed-point fraction numbers and sign-magnitude integers have a fixed interval between two numbers that can be accurately represented.
[TRUE

FALSE]

(3)
Since RISC processors use only hard-wired instructions, RISC processors are scalar processors.

[TRUE

FALSE]

(4)
Super-scalar and super-pipeline data-path processors are multi-core processors.

[TRUE

FALSE]

(5)
Source code files written in a high-level programming language is first translated to an assembly language program and then, the assembly language program is translated to binary executable program by a compiler.

[TRUE

FALSE]

(6)
Binary executable machine codes and assembly instructions are in one-to-one relationship, although assembly instructions and statements in a high-level programming language are in many-to-one relationship respectively.

[TRUE

FALSE]

(7)
For scalar, super-scalar, pipeline, and super-pipeline datapaths processors, super-scalar, pipeline and super-pipeline datapath processors can achieve CPI 1.0 or lower.

[TRUE

FALSE]

(8)
In two’s complement integers, it is possible for a result of a mathematical operation to be in error even if the carry flag is not raised.
[TRUE

FALSE]

(9)
An instruction takes less time to execute on a pipelined processor than on a scalar processor (all other aspects of the processors being the same).
[TRUE

FALSE]

(10)
The IEEE-754 floating-point standard uses “the normalized format” for saving one bit in the significand bits (which will improve the accuracy), but there is no negative side effect from using the normalized format.

[TRUE

FALSE]

QUESTION #6: Challenging Question – 10 points
IEEE (Institute of Electrical and Electronics Engineers) has another standard for floating-point numbers, called “double precision”.  Its only differences are the number of bits for the exponent and the significand and the use of “bias of 1023”.  In the double precision format uses 11 bits for the exponent and 52 bits for the significand.  For the exponent, it applies “bias of 1023”.
Question: In IEEE 754 double-precision floating point numbers, what is the absolute difference between its “second largest negative” and “third largest negative”?  Show all your work for full credit.
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.data


	STR_FIRSTNUM: .asciiz "Please enter the first number: "


	STR_SECONDNUM: .asciiz "Please enter the second number: "


	STR_EQUAL: .asciiz "The two numbers are equal."


	STR_NOT_EQUAL: .asciiz "The two numbers are not equal."


.text


	.globl main


main:


	FIRSTNUM:	li $v0, 4				# system call for print string


			la $a0, STR_FIRSTNUM		# specify string


			syscall				# display message





			li $v0, 5				# system call for read_int


			syscall				# get int from user


			move $t0, $v0 			# move user int into $t0





			li $t1, 257			# load 257 into t1


			slt $t3, $t0, $t1			# check if t0 < 256


			beq $t2, $zero, FIRSTNUM	# if t2 = 0, ask to reenter number





			slt $t2, $t0, $zero			# check if t0 < 0


			bne $t2, $zero, FIRSTNUM	# if t2 = 0, ask to reenter number





			move $s0, $t0			# move int from t1 to s0





	SECONDNUM:	li $v0, 4				# system call for print string


			la $a0, STR_SECONDNUM	# specify string


			syscall				# display message





			li $v0, 5				# system call for read_int


			syscall				# get int from user


			move $t0, $v0 			# move user int into $t0





			slt $t2, $t0, $t1			# check if t0 < 256


			bne $t2, $zero, SECONDNUM	# if t2 = 0, ask to reenter number





			slt $t2, $t0, $zero			# check if t0 < 0


			bne $t2, $zero, SECONDNUM	# if t2 = 0, ask to reenter number





			move $s1, $t0			# move int from t1 to s0





			bne $s0, $s1, ELSE		# if s0 = s1, continue, or goto ELSE


			li $v0, 4				# system call for print string


			la $a0, STR_EQUAL		# specify string


			syscall				# display string


			j EXIT





	ELSE:		li $v0, 4				# system call for print string


			la $a0, STR_EQUAL		# specify string


			syscall				# display string


			j EXIT





	EXIT:		jr $31				# return to main
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