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

Spring, 2011
12:00-1:15 P.M.

February 21, 2011
This exam is a closed textbook and closed note exam.  There are 7 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 (10 minutes)
(1)
What is the primary purpose of “(human) programmers’ source code files” (compared to other program source code files, such as assembly source code and binary executable files)?
(2)
What are the five different types of instructions in a processor?
(3)
What does “a 32-bit architecture processor” mean?
(4)
Given 12 bits for 2’s complement integers, what is the largest positive integer a processor can have?  What is the smallest negative integer a processor can have?  Answer this question in the decimal format.
(5)
What are the two problems in “sign magnitude integers”?
QUESTION #2 (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)
Find the best keyword for the blank in the following sentence (select one):
“Programmers today owe their productivity – and their sanity – to the creation of _____________ and compilers”

(a)
Operating systems
(b)
Assemblers
(c)
Assembly language
(d)
High-level programming languages
(e)
None of the above
(2)
Regarding the relationship between a statement in a high-level programming language, assembly instructions and the binary machine codes, which of the statement is (are) correct?  Select all that is (are) true.
(a)
High-level language statements and binary machine codes are in one-to-many relation.

(b)
High-level language statements and assembly instructions are always related in many-to-one.

(c)
Assembly instructions and binary machine codes are always related in many-to-one.

(d)
Binary machine codes and assembly instructions and are related in many-to-one.
(e)
High-level language statements and assembly instructions are always related in one-to-many.

(3)
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?  Select all that apply.
(a)
lw
$s0, ($a2)
(b) lw
$t3, 15

(c)
lw
$s2, (254758)

(d)
lw
$s0, MY_LABEL

(e)
lw
$v4, $t0

(f)
lw
$v0, -112($a2)

(4)
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 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

(5)
Suppose that we have the following number in 12-bit two’s complement: “1110 0000 1101(2)”.  Adding fifteen more “1’s” in the MSB side to it (making it 27-bit two’s complement number) will (select one):
(a)
make the number it represents smaller
(b)
make the number it represents larger
(c)
make no change in the number it represents
(d)
double the number it represents
(e)
None of the above

(6)
Assembler performs (select one):
(a)
Translate statements in a program source code file written in a high-level programming language into instructions in an assembly source code file.

(b)
Translate assembly instructions in an assembly program source code file into statements in a program source code file written in a high-level programming language.
(c)
Translate assembly instructions in an assembly program source code file into binary machine codes in a machine-executable file.
(d)
Translate binary machine codes in a machine-executable file into statements in a program source code file written in a high-level programming language.
(e)
None of the above

(7)
What is 123456(10) in hexadecimal?  Select one.
(a)
19CDE

(b)
1E101

(c)
1A23F

(d)
1E240

(e)
None of the above
(8)
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
(9)
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

(10)
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

QUESTION #3 (5 minutes)
Question 1: Describe why the floating-point numbering system was introduced after the fixed-point numbering system was already available.  Explain as much detail as possible for the next 2 minutes.
Question 2: The floating-point numbering system still has some weaknesses.  Explain as much detail as possible for the next 2 minutes.
QUESTION #4 (10 minutes)
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 = 900 MHz.


CPI = 1.8

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 = 1.2GHz


CPI = 0.85

How can Processor A perform as well as Processor B?  Assume that 1MHz = 106Hz (processor cycles) and 1GHz = 109 Hz.  Show all your work for full credit.
QUESTION #5 (10 minutes)
The following assembly program for PC_SPIM simulator was written to implement A = B ( C by using “add” instruction.  The assembly program has some problems.  Identify the problems in the program and describe how each problem should be fixed.  Use the following assumptions:
· The memory address of variable “A”, “B” and “C” is stored in a3, a2, and a1 register, respectively after “.main:” but before the first instruction shown in the following program.

· Nothing is wrong before “.main:”.

· No syntax error


QUESTION #6: Challenging Question
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 -2262.75 (negative 2262.75) using the double-precision floating-point number in IEEE-754.  Show all your work for full credit.
QUESTION #7: Challenging Question
“0.1(10)” is one of the fraction numbers binary floating-point numbering systems (including IEEE-754 standard) can not represent without error (i.e., without rounding it up or down).  Prove that “0.1” can not be represented without rounding up or down (the term “prove” means not showing something using an example).  We can not prove anything by giving example, although we can disprove something using a counter-example.
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.globl	main





main:
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			lw	$t3, $a1


			lw	$t0, $a2





PERFORM_MULT:	lw	$t4, $zero


			lw	$t5, 1





WHILE_LOOP:		add	$t4, $t4, $t0


			sub	$t3, $t3, $t4





			bne	$t3, $zero, EXIT


			j	WHILE_LOOP





EXIT:			sw	$t4, $a3
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