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EE 4683/EE 5683: Computer Architecture 

Homework #1 

 

Instructions: 

Graduate Students: Answer all questions. 

Undergraduate Students: The last question is bonus question. 

 

Problem 1:  

From the table below answer the following questions: 

(a) What is the die yield for the AMD Opteron? 

(b) What is the die yield for the 8-core Sun Niagara processor? 

 

Manufacturing cost factors for several modern processors,  = 4, Wafer Yield = 100% 

Chip Die Size (mm2) Estimate 
defect Rate 
(per cm2) 

Manufacturing 
Size (nm) 

Transistors 
(millions) 

IBM Power 5 389 .30 130 276 

Sun Niagara 380 .75 90 279 

AMD Opteron 199 .75 90 233 
 

 

Problem 2: 

Suppose we have developed new versions of a processor with the following characteristics: 

Version Voltage Clock Rate 

Version 1 3.3 V 1 GHz 

Version 2 1.1 V 2 GHz 

 

(a) By how much has the capacitive load reduced between versions if the dynamic power has 

been reduced by 25%? 

(b) By how much has the dynamic power been reduced if the capacitive load does not change? 

(c) Assuming that the capacitive load of version 2 is 80% of the capacitive load of version 1, 

find the voltage for version 2 if the dynamic power of version 2 is reduced by 40% from version 

1? 

 

 

Problem 3: 

Assume a disk subsystem with the following components and MTTF: 

• x disks each rated at 1,000,000-hour MTTF 

• 1 SCSI Controller rated at 500,000-hour MTTF 

• 1 Power Supply rated at 200,000-hour MTTF 

• 1 Fan rated at 200,000-hour MTTF 

• 1 Processor rated at 100,000-hour MTTF 
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(a) How many disks can we support such that the MTTF of the entire system is atleast 5 years 

(assume a year has 365 days). 

(b) Suppose MTTR of the entire system is 200 hours, what is the availability of the system? 

 

 

Problem 4:  

The following table shows results for SPEC2006 benchmark programs running on an AMD 

Barcelona. 

 Name Instr Count x 
109 

Execution Time 
(sec) 

Reference 
Time (sec) 

Program 1 perl 2118 500 9770 

Program 2 mcf 336 1200 9120 

Program 3 gcc 980 700 9000 
 

(a) Find the CPI if the clock cycle time is 0.333 nanoseconds. 

(b) Find the SPEC ratio 

(c) For the above 3 benchmarks, find the geometric means. 

 

Problem 5: For this problem, suppose we have the following dynamic instruction profile for a 

benchmark application. The cycle count for each instruction type is listed in below. 

 

 

Instruction Type Count Cycles 

Loads 426,000,000 ??? 

Stores 184,000,000 7 

Integer ALU 662,000,000 6 

Jumps 104,000,000 4 

Jump and Link 52,000,000 6 

Branch (taken) 328,000,000 5 

Branch (not taken) 244,000,000 4 

 
 

a. Compute the number of cycles for Load instructions given that the CPI is 6.006 
b. Suppose a hardware improvement reduces the cycle count for ALU instructions from 6 to 4 

cycles without increasing the cycle time. What is the new CPI? How much faster is the 
improved machine over the original machine for this benchmark?  
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c. For the ORIGINAL design, assume the clock cycle time is 6 nanoseconds. What is the total 
execution time for the benchmark (in seconds)? 

 
Problem 6: When making changes to optimize part of a processor, it is often the case that 
speeding up one type of instruction comes at a cost of slowing down something else. For 
example, if we put in a complicated fast floating-point unit, that takes space, and something 
might have to be moved farther away from the middle to accommodate it, adding an extra 
cycle in delay to reach the unit. Amdahl’s law equation does not take into account this trade-off. 
 

a. If the new fast floating-point unit speeds up floating-point operations by, on average, 
2X, and floating-point operations take 20% of the original program’s execution time, 
what is the overall speedup (ignoring the penalty to any other instructions)? 
 

b. Now assume that speeding up the floating-point unit slowed down the data cache 
accesses, resulting in a 1.5X slowdown (or 2/3 speedup). Data cache accesses consume 
10% of the execution time. What is the overall speedup now? 

 
 
 
Problem 7: For Graduate students, Undergrads get BONUS if solution is correct! 
 
Assume that we make an enhancement to a computer that improves some mode of execution 
by a factor of 10. Enhanced mode is used 50% of the time, measured as a percentage of the 
execution time when the enhanced mode is in use. Recall that Amdahl’s law depends on the 
fraction of the original, unenhanced execution time that could make use of enhanced mode. 
Thus, we cannot directly use this 50% measurement to compute the speedup with Amdahl’s 
law. 
 

a. What is the speedup we have obtained from fast mode? 
 

b. What percentage of the original execution time has been converted to fast mode? 


