CS 312 Computer Organization
Midterm Exam No.1
Spring, 2002
11:00-12:15 P.M.

February 12, 2002
This question is a closed-book and closed note exam.  There are 5 questions in this exam (there is no optional question).  You have 75 minutes to finish the 5 questions.  Please write your answers on separated pieces of papers.  To avoid grading problems, please put your papers in the ascending order of the question number.  Each question is worth 20 points.  You can use a calculator during this exam (no calculator sharing, please).

Name: _______________________________

Student ID (optional): ___________________

Question #1 (20 points)
(1) What are the two major limitations in registers?
(2) We need an indicator for A) beginning of a user program codes, B) stop your program and C) end of the source code.  What are they?
(3) What are the four major components in a CPU?

(4) Give the formula for MIPS (Millions Instructions Per Second), using CPI and clock cycle rate (not clock cycle time).
(5) What is 1111 in hexadecimal in decimal?  Show your work.

Question #2 (20 points)

(1) If machine A runs a program in 125 seconds and machine B runs the same program in 90 seconds, how much faster (or slower) is A than B? (6 points, 5 points for correctly set up your equation and 1 point for correct final solution).
(2) We have a CPU running at 500 MHz.  We have a program written in assembly language.  The program contains 9 millions assembly language instructions.  It takes the 500 MHz CPU to finish the program (for simplicity, let us assume that each of the 9 millions instructions will be executed exactly once during the program execution) 0.012 second.  What is the CPI for this CPU in this case? (8 points: 6 points to correctly set up your equation and 2 points for correct final solution).

(3) Show how numbers and bit-patterns correspond with the left-end of the following horizontal bar being "000…000 (all 16 bits are zero)" and with the right end being "111…111 (all 16 bits are one)".  You are expected to do this for the smallest negative number, the largest negative number, 0, the largest positive number (all integers) in the bar graph below. (6 points)
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Question #3 (20 points)
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Assuming we are designing the circuit for the carry-out output of a 2-bit adder as shown below:

Assuming:

· 1-bit carry-in input line

· 2-bit inputs, A and B

· 2-bit sum 

· 1-bit carry-out

Each of A, B and Sum has two output lines (the first line is the low digit and the second line is for the high digit) – for example, if A1 = 0, and A2 = 1, that means 1*21 + 0*1 = 2 and the same for B1, B2, Sum1 and Sum2.

Question: 

Design your circuit for 2-bit sum output (Sum1 and Sum2), using AND, OR or XOR gates.  You have to briefly (at most three short sentences or Ben-Diagram without sentences) describe your logic for your circuit design (make sure to logically describe your thought – but you do not have to provide formal proof).
Note: You do not necessarily use all the three gates for each circuit and you may have to use the same gate in multiple places.

Hint: Design the circuit for Sum1 and Sum2 separately (i.e., one dedicated circuit for each of Sum1 and Sum2).

· 10 points for your description (5 points for each Sum1 and Sum2)

· 10 points for a correct circuit design (5 points for each Sum1 and Sum2)

Question #4 (20 points)

Consider two different implementations (i.e., two CPUs with different architecture - CPU architecture means the internal design of a CPU), M1 and M2, of the same instruction set ("instruction set" means a collection of assembly instructions available at a CPU).  There are four classes of instructions (A, B, C and D) in the instruction set.

M1 has a clock rate of 800MHz.  The average number of cycles for each instruction class on M1 is as follows:

	Class
	CPI for this class

	A
	1

	B
	2

	C
	3

	D
	4


M2 has a clock rate of 1000MHz (=1 GHz).  The average number of cycles for each instruction class on M1 is as follows:

	Class
	CPI for this class

	A
	2

	B
	2

	C
	4

	D
	4


(a) Assume that peak performance is defined as the fastest rate that a machine can execute an instruction sequence to maximize that rate.  What are the peak performance of M1 and M2 expressed as instructions per second?  Show your work (i.e., your description or formula you use to calculate your solutions).  3 points for showing correct work and 1 point for a correct answer for each of the peak performance of M1 and M2 (8 points total).
(b) If the number of instructions executed in a certain program is divided equally among the classes of the instructions, how much faster (or slower) is M1 than M2?  10 points for showing a correct work (same as above) and 2 points for a correct answer.

Question #5 (20 points)

Write an assembly program that performs the following task:

· In the memory buffer "text", a sequence of "0" or "1" are stored as ASCII codes (48(10) for "0" and 49(10) for "1").  The top address (the lowest address of the buffer) of the buffer holds the MSB (Most Significant Bit) while the highest address of the buffer holds LSB.

· Each element in the buffer "text" is one byte and memory is addressed for each byte.

· There are always 8 "bits" (eight "0" or "1") in the buffer.

· Write an assembly language that calculate unsigned integer for a given sequence of "0" and "1".  Write your program so that the result will be stored in $t0 register (you do not have to display the final result).

· You have 16 "temporary registers (i.e., $t0 to $t15) - you do not have to use all the 16 registers (may be half of them will be enough …).

· Your program should be less than 20 lines (one instruction in each line).

· Subtraction can be performed by adding a negative number.

Hint 1: Make sure to use appropriate load instructions (li, la, lw).

Hint 2: You can use the following instruction reference manual:

	Instructions
	Usage

	li (register), constant
	Assign constant to a register

	la (register), label
	Assign the address of label to a register

	lw (register1), offset(register2)
	Assign the content of memory specified by register2 + offset to register1

	addi (register1), (register2), constant
	Add content of register2 and constant and put the result in register2

	add (register1), (register2), (register3)
	Add content of register2 and register3 and put the result in register1

	slt (register1), (register2), (register3)
	Set (register1)=1, if (register2)<(register3)

	bne (register1), constant, label
	If the content of register1 and constant are the same, jump to the place specified by label

	lshift (register)
	Left-shift the content of the register to left by once
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