CS 312-Computer Organization

Midterm Exam No.1

Fall, 2003
6:00-7:15 P.M.

September 29, 2003

This question is a closed-book 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 papers in the ascending order in the question number.

Notice: the questions that appear in this exam are not the same questions you had in the sample exam.  I tried to make the style and the organization of the questions similar as much as possible.  If you have any question, please let me know during this exam.

Student ID (the last six digits): ___________________

QUESTION #1 (10 Minutes)

(1) Define “performance” for a computer system.
(2) Express execution time using IC, CPI and T (clock cycle time).
(3) This is a question from the textbook: “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).

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

(5) What are the four different types of load instructions we discussed in the classroom?
(6) (a) What is “clock cycle”?  (b) What is clock cycle time?  (c) What is clock signal for?  Answer the above three questions.
QUESTION #2 (10 Minutes)
There are two computer systems, systems X and Y.  We try to compare the performance of systems X and Y.  What conclusions can we make for the following two cases?

Case 1:

	
	System X
	System Y

	 Program 1
	            10 seconds
	100 seconds

	 Program 2
	100 seconds
	            10 seconds


Case 2:

	
	System X
	System Y

	 Program 3
	            10 seconds
	            20 seconds

	 Program 4
	150 seconds
	310 seconds


QUESTION #3 (15 Minutes)

(1) Classify the examples (numbered 1 through 18) to its most related category (listed as alphabet a through i).  The underline represents each example.  There is one example that does not have its proper category.

Examples:

1. Assembler


7. DRAM

13. Operating systems

2. C++


8. PC


14. Pascal

3. Cathode ray tube

9. Keyboard

15. Printer

4. Compiler


10. Macintosh

16. Silicon

5. Cray-1


11. Microprocessor
17. Spreadsheet

6. DEC Alpha

12. Mouse

18. Text editor

Categories:

(a). application software: ___, ___

(b). high-level programming language: ___, ___

(c). input device: ___, ___

(d). integrated circuit: ___, ___

(e). minicomputer: ___

(f). output device: ___, ___

(g). personal computer: ___, ___

(h). super computer: ___

(i). system software: ___, ___, ___

(2) Convert -1024(10) into a 32-bit two’s complement binary number. Show your work.

(3) What decimal number does the two’s complement binary number represent?  Show your work – your work on your scratch paper is just fine for this.  Show your work.
“1111 1111 1111 1111 1111 1111 1111 1111 1110 0000 1101(2)”

(4) If fifteen more “1s” are added at the MSB to:
“1111 1111 1111 1111 1111 1111 1111 1111 1110 0000 1101(2)” in question (3) above, what is the corresponding decimal number?

(5) What decimal number does the following 42-bit two’s complement binary number represent?  You do NOT have to show your work.
“1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111”

QUESTION #4 (10 Minutes)

(1) What is the CPI of this CPU for the following case?  Show your work.
· A CPU running at 500MHz

· A program requires this CPU to execute 7.2 million instructions to finish this program.

· The execution time for this program is 520ms (milliseconds).

· 1 second = 1,000ms

(2) What is the expected execution time for the following assembly program?  Answer the execution time in microsecond.  Show your work.
· 5,421 instructions

· Every instruction requires exactly five clock cycles.

· The CPU is running at 450MHz.

(3)
Intel has produced a large number of processor families, starting from Intel i4004 processor to the latest Pentium-4 processors.  Mainly due to heat generated by CPU die, increasing MIPS rate by increasing clock cycle rate is getting harder.  What factor becomes important (you can provide your solution using one to three lines of English – I do NOT expect multiple paragraphs for this question)?  Your solution should include the key concept).

QUESTION #5 (5 Minutes)

Describe how a high-level programming language statement, A = B + C, will be executed using assembly instructions.  Explain how data in variables A, B and C are processed using main memory, registers and ALU.  Perform the following tasks: (1) Draw a picture to describe all the major operations (as detailed as described in the classroom – all the components described in the classroom should appear in your solution).  (2) Show all the instructions needed to complete the high-level programming language statement.  Grades will be given based on the quality in your solution.
QUESTION #6 (15 Minutes)

Consider two different implementations, M1 and M2, of the same instruction set.  There are three classes of instructions (A, B and C) in the instruction set.  M1 has a clock cycle rate of 400 MHz, and M2 has a clock cycle rate 200 MHz.  The average number of cycles for each instruction class on M1 and M2 is given in the following table:

	Class
	CPI on M1
	CPI on M2
	C1 Usage
	C2 Usage
	3rd Party Usage

	A
	4
	2
	30%
	30%
	50%

	B
	6
	4
	50%
	20%
	30%

	C
	8
	3
	20%
	50%
	20%


The table also contains a summary of how three different compilers use the instruction set.  C1 is a compiler produced by the makers of M1.  C2 is a compiler produced by the makers of M2, and the other compiler is a third-party product.  Assume that each compiler uses the same number of instructions for a given program, but that the instruction mix is as described in the table.

(1) Using C1 on both M1 and M2, how much faster can the makers of M1 claim that M1 is compared with M2?

(2) Using C2 on both M1 and M2, how much faster can the makers of M2 claim that M2 is compared with M1?

(3) If you purchase M1, which compiler would you use?

(4) If you purchase M2, which compiler would you use?

QUESTION #7 (10 Minutes)
Our favorite program runs in 10 seconds on computer A, which has a 400 MHz clock (= clock cycle rate = 400MHz).  We are trying to help a computer designer build a computer B, which will run this program in 6 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 1.35 times as many clock cycles as computer A for this program.  What clock rate should we tell the designer target?  Show your work.
________________________________________________________________________
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