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QUESTION 1: Processor-Memory Performance Gap
1. Since year 1995 the clock frequency of Intel IA32 processors is growing at a rate of approximately 1.6 per year. In 1995, the reference clock rate was 250 MHz. What was the expected clock frequency CF of IA32 processor in year 2005.

2. During the same period, the access time of some DRAM memory was shrinking by a factor of 5% per year. It was 172 ns in year 1995.  What was the expected access time AT of the same DRAM in year 2005.

3. Denote by N(k) the ratio of the DRAM access time over the processor clock time, where k is the year. Evaluate N for the above period of time from 1995 to 2005 and comment on growth rate of N.

Solution: 
1. The expected processor clock frequency in year 2005 is CF = 0.25GHz * (1.6)^10 =  27.786 GHz
2. The expected access time of DRAM in year 2010 is AT = 172 * (0.95)^10 = 102.98  ns 

3. The expected value of N in year 2005 is N= AT / (1/CF) = AT * CF. Therefore, in year 2005 we have N = = 172 * (0.95)^10 *  0.25GHz * (1.6)^10 = 2830. The gap between processor speed and DRAM access time is growing which is an indicator of the need of new techniques to improve performance of cache memory.
QUESTION 2: Processor performance

Reference to MIPS Instruction format. Answer following questions:

1. Give the three instruction formats (R-type, I-type, and B-type) for the MIPS 32-bit RISC processor. 
2. Give examples of MIPS instructions for each of the above three instruction formats. Remember that the I-type covers three different types of instructions.
3. Describe using the Register Transfer Notation (RTL) the operation performed by each type of MIPS instructions. We assume a program counter (PC), Instruction memory (IM), Register File (RF), 32-bit ALU, and Data Memory (DM).

Answer: 

1. The MIPS three Instruction Formats: all 32 bits wide
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2. Examples of MIPS instructions for each of the above three instruction formats:

a. R-type: Add rd, rt, rs

b. Immediate-type: 

i.  Add immediate: Add rd, rt, immediate

ii. Load and store: Lw rd, immediate(base) and Sw immediate(base), rs

iii. Conditional Branch: BEQ r1,r2, immediate

c. Jump: J immediate

3. Generic Register Transfer Operation performed by each instruction:

a. R-type: Add rd, rt, rs                            (RTL:  rd ( ALUout  ( rt , rs , + )

b. Immediate-type: 

i.  Add immediate: Add rd, rt, immediate (RTL: rd ( ALUout ( rt , extend(32)[immediate], +)

ii. Load and store: Lw rd, immediate(base) and Sw immediate(base), rs

(RTL: rd (DM(extend(32)[immediate]+Base address),

 (RTL: DM(extend(32)[immediate]+Base Adress) ( rs)

iii. Conditional Branch: BEQ r1,r2, immediate

                                           (RTL: PC(PC+4  if Z =0 or PC+4+ extend(32)[immediate*4] else)

c. Jump: J immediate  (RTL: PC( (PC+4)31-28 ,  Extend(32)[immediate26  *4])
QUESTION 3: CHIP MANUFACTURING
A Wafer has 30cm diameter and can be partitioned only into square dies. We assume a probability

of defect is 0.75 defect/cm2 (6 masking levels). The wafer costs is $3500. Find the cost of each die for the following values of die side: 1.25, 1.75, 2.25, and 3.25cm. Show the details of your steps. Provide your comments on what directions the designer must take to compete with other existing computers.
Solution:  Please refer to the approach presented in the text book. The probability a die is error fee (die yield) is 0.343, 0.14, 0.05, and 0.01 when the die side is 1.25 cm, 1.75cm, 2.25 cm, and 3.25cm, respectively. The number of dies per wafer is 399, 192, 110, and 46 when the die side is 1.25 cm, 1.75cm, 2.25 cm, and 3.25cm, respectively. The cost of one die is $ 25.6,127, 603, and 11,767 when the die side is 1.25 cm, 1.75cm, 2.25 cm, and 3.25cm, respectively. Therefore, designing smaller processors lead to a very competitive price but may be too small designs may have limited scope. One is to find a compromise between cost and design applications.
QUESTION 4: Number Representation

1. Evaluate the decimal value corresponding to the unsigned binary number 1111 1100 0111 1111 1111 1111 1100 1100. 
2. Evaluate the decimal value corresponding to the signed binary number 1111 1100 0111 1111 1111 1111 1100 1100. 
3. Consider a 32-bit unsigned binary number A=(0…0111….110….0), where A contains a sequence of 1s starting at the Kth bit and ending at the Lth bit. Express the result C= A* B as function of B and K and L, e.g. C = Function (B, K, L). 

Solution:

1. Please find the solution.

2. Same as above.

3. The result C= A* B = B * (2L+1 – 2k).
QUESTION 4: Paper Review
1. Write a summary about the paper : “Silicon Wafer Processing”  at:
http://www.engr.sjsu.edu/sbates/images/materials%26plastics/Silicon_Wafer_Processing.pdf
2. Write a summary about the paper : How A PROCESSOR Is Made
Subject: Intel Shows How A PROCESSOR Is Made ... - yimg.com
