
 1 

PH.D. QUALIFYING EXAM (SPRING 2010) 
(Area: Computer Organization and Architecture) 

 
Question 1  
 
Computers A and B have the same instruction set but their implementations differ. The 
instruction set consists of 5 instruction classes C1 through C5. The table below shows the 
CPI for each instruction class. The table also contains a summary of average portion of 
instructions of each class for program P1. The clock frequencies of both computers are 
also given. 
 
a) (20%) What is the average CPI for program P1 on each computer?  
 
b) (20%) Which computer executes program P1 faster and how many times faster is it?  
 
c) (20%) You want to improve the performance of computer A and you found a method 
to half the CPI of an instruction class but this can be applied only to a single class. For 
which instruction class would this improvement have the highest impact on the execution 
speed of program P1? How much improvement would this yield?  
 
d) (20%) By how much do we have to improve the speed of instructions of class C1 of 
computer A in order for program P1 to run 30% faster?  
 
e) (20%) By how much is the execution time of program P1 improved if we lower the 
CPI for instructions of class C2 of computer A to CPI=1? 
 
 Computer A Computer B P1 Usage 
Clock Frequency 5 GHz 3 GHz  
CPI of Instruction Class C1 2 1 40% 
CPI of Instruction Class C2 4 4 20% 
CPI of Instruction Class C3 3 2 20% 
CPI of Instruction Class C4 4 2 10% 
CPI of Instruction Class C5 3 4 10% 
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Question 2 
 

The table below lists three different cache configurations for a processor and their 
associated miss rates. Assume that the base CPI for the processor is 2.5 and that the cache 
miss penalty, in number of CPU clock cycles, is computed by the following formula: 
(5+block size in words)∗10. The processor executes a program in which 35% of the 
instructions contain data references. Determine which cache configuration causes the 
processor to yield the best and worst performance. 

 
Type Instruction 

Miss Rate 
Data Miss 
Rate 

Cache 1 Direct mapped with one-word blocks 5% 8% 
Cache 2 Direct mapped with eight-word blocks 2% 5% 
Cache 3 Four way set associative with four-word blocks 1% 2% 

 


