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1. It costs $1 billion to build a new fabrication facility. You will be selling a range of chips 

from that factory, and you need to decide how much capacity to dedicate to each chip. 

Your Woods chip will be 150 mm2 and will make a profit of $20 per defect-free chip. 

Your Markon  chip will be 250 mm2 and will make a profit of $25 per defect-free chip. 

Your fabrication facility will be identical to that for the Power5. Each wafer has a 300 

mm diameter.(*Assume the process complexity factor is 4) 

a. How much profit do you make on each wafer of Woods chip? 

b. How much profit do you make on each wafer of Markon chip? 

c. Which chip should you produce in this facility? 

d. What is the profit on each new Power5 chip? If your demand is 50,000 Woods 

chips per month and 25,000 Markon chips per month, and your facility can 

fabricate 150 wafers a month, how many wafers should you make of each chip? 

2. Your company’s internal studies show that a single-core system is sufficient for the 

demand on your processing power; however, you are exploring whether you could save 

power by using two cores. 

a. Assume your application is 80% parallelizable. By how much could you decrease 

the frequency and get the same performance? 

b. Assume that the voltage may be decreased linearly with the frequency. Using 

the equation in Section 1.5, how much dynamic power would the dual-core 

system require as compared to the single-core system? 

c. Now assume the voltage may not decrease below 25% of the original voltage. 

This voltage is referred to as the voltage floor, and any voltage lower than that 

will lose the state. What percent of parallelization gives you a voltage at the 

voltage floor? 

d. How much dynamic power would the dual-core system require as compared to 

the single-core system when taking into account the voltage floor?(*The 

equation is included in the slides related to dynamic power) 

3. In a server farm such as that used by Amazon or eBay, a single failure does not cause the 

entire system to crash. Instead, it will reduce the number of requests that can be 



satisfied at any one time. 

 
Figure 1 

a. If a company has 10,000 computers, each with a MTTF of 35 days, and it 

experiences catastrophic failure only if 1/3 of the computers fail, what is the 

MTTF for the system? 

b. If it costs an extra $1000, per computer, to double the MTTF, would this be a 

good business decision? Show your work. 

c. Figure 1 shows, on average, the cost of downtimes, assuming that the cost is 

equal at all times of the year. For retailers, however, the Christmas season is the 

most profitable (and therefore the most costly time to lose sales). If a catalog 

sales center has twice as much traffic in the fourth quarter as ever other quarter, 

what is the average cost of downtime per hour during the fourth quarter and 

the rest of the year? 

4. Use the following code fragment  

 
Figure 2 

Assume that the initial value of R3 is R2+396 

a. Data hazards are caused by data dependences in the code. Whether a 

dependency causes a hazard depends on the machine implementation (i.e., 

number of  pipeline stages). List all of the data dependences in the code above. 

Record the register, source instruction, and destination instruction; for example, 

there is a data dependency for register R1 from the LD to the DADDI. 



 
Figure 3 
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b. Show the timing of this instruction sequence for the 5-stage RISC pipeline 

without any forwarding or bypassing hardware but assuming that a register read 

and a write in the same clock cycle “forwards” through the register files, as 

shown in Figure 4. Use a pipeline timing chart like that in Figure 3. Assume that 

the branch is handled by flushing the pipeline. If all memory references take 1 

cycle, how many cycles does this loop take to execute? 

c. Show the timing of this instruction sequence for the 5-stage RISC pipeline with 

full forwarding and bypassing hardware. Use a pipeline timing chart like that 

shown in Figure 3. Assume that the branch is handled by predicting it as not 

taken. If all memory references take 1 cycle, how many cycles does this loop 

take to execute? 

d. Show the timing of this instruction sequence for the 5-stage RISC pipeline with 

full forwarding and bypassing hardware. Use a pipeline timing chart like that 



shown in Figure 3. Assume that the branch is handled by predicting it as taken. If 

all memory references take 1 cycle, how many cycles does this loop take to 

execute? 

5. We begin with a computer implemented in single-cycle implementation. When the 

stages are split by functionality, the stages do not require exactly the same amount of 

time. The original machine had a clock cycle time of 8 ns. After the stages were split, the 

measured times were IF, 1 ns; ID, 1.5 ns; EX, 1 ns; MEM, 2 ns; and WB, 1.5 ns. The 

pipeline register delay is 0.1 ns. 

a. What is the clock cycle time of the 5-stage pipelined machine? 

b. If there is a stall every 4 instructions, what is the CPI of the new machine? 

c. What is the speedup of the pipelined machine over the single cycle machine? 

d. If the pipelined machine had an infinite number of stages, what would its 

speedup be over the single-cycle machine? 


