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Problem 1: 
 
Suppose a processor sends 10 disk I/Os per second, these requests are exponentially distributed, 
and the average service time of an older disk is 20 ms. Answer the following questions: 
 
a) On average, how utilized is the disk? 
 
b) Calculate the average length of the queue. 
 
c) Calculate the average length of the system. 
 
d) What is the average time spent in the queue? 
 
e) What is the average response time for a disk request, including the queuing time and disk 
service time? 
 
f) Suppose that we get a new, faster disk. Recalculate the answers to the questions a-e above, 
assuming the disk service time is 10 ms. 
 
g) Suppose that instead of a new, faster disk, we add a second slow disk, and duplicate the data so 
that reads can be serviced by either disk. Let’s assume that the requests are all reads. Recalculate 
the answers to questions a-e, this time using an M/M/m queue.  Note that the equation for the 
probability that there are as many or more tasks than there are servers in the book has a typo; in 
the book, it looks like Utilization is raised to the power of the Number of servers, whereas it 
should be the quantity (Number of servers times Utilization) that is raised to that power. 
 
 
Problem 2: 
 
Some memory systems handle TLB misses in software (as an exception), while others use 
hardware for TLB misses. 
 
a) What are the trade-offs between these two methods for handling TLB misses? 
 
b) Will TLB miss handling in software always be slower than TLB miss handling in hardware? 
Explain. 
 
c) Use the data from Figure 5.45 to calculate the penalty to CPI for I-TLB misses on the 
following workloads assuming hardware TLB handlers require 10 cycles per miss and software 
TLB handlers take 30 cycles per miss:  

Workload 1: 50% gcc, 25% perl, 25% ijpeg 
Workload 2: 35% swim, 35% wave5, 20% hydro2d, 10% gcc 

 
d) TLB miss rates for floating-point programs are generally higher than those for integer 
programs. Why? 



 

 
 
 
 


