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INSTRUCTIONS TO STUDENTS.

· This exam counts for 30% of your final mark in this course. 

· Appropriate coding style and documentation are expected. 

· It is imperative that you name your files exactly as requested. Attach all (and only) the requested files to your email to handin at the end of the exam. 

· You are NOT allowed to access the internet at any time during the exam.
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Each student will complete Question #1 or Question #2
1.
a)
The graphic to the right indicates the essential methods required to permit the constructor of the Function class to obtain the first and second derivative ETrees for the supplied function. Supply the bodies of the methods and store the root of each of the derivative ETrees in dyTree and d2yTree respectively.

b)
Relative Extrema and Points of Inflection. Add the method, 

public String identify(double x)



to your Function class that will use dyTree and d2yTree to assist in determining the nature of a particular point from one of four choices: relative minimum, relative maximum, point of inflection or nothing remarkable.  Use the driver available from our subject conference to obtain output similar to the following,
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c)
Mean Value Theorem. The Mean Value Theorem states that if f is differentiable on (a,b)  and continuous on [a,b], then there exists at least one point c in (a,b) where,
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Add the method, public double MVT(double a, double b) that uses existing resources within the Function class to assist the driver in producing output similar to the following,
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2.
Whereas functions of the kind studied in secondary school are typically differentiable using the five Derivative Rules (Power, Sum, Product, Quotient and Chain), integration is a different matter. Many functions are easily integrated using the derivative rules in reverse, however, a even a simply formed function such as, 
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, can’t be integrated symbolically. In this question, you are asked to enhance your Function class to perform symbolic integration on some elementary function structures and use the resulting iTree to assist with the evaluation of the definite integral.

a)
yTrees with structure patterns such as, C, V, V+C, V^C,  are easily integrable, as are many more. Within your Function class, create a constant array that contains these pattern Strings, similar to,



private String [] integralPatterns = {“C”, “V”, “V+C”, “V^C”};



To use the supplied driver, you are asked to add the predicate method,




public boolean isIntegrable()



that will first determine the pattern String of yTree and compare it to the list of patterns in integralPatterns that it knows how to handle. If the pattern String is not found, isIntegrable() simply returns false. If it is found, the fun begins. isintegrable() will call,



private ENode integrate(int index)



where index is the index into the integralPatterns array so the method knows what pattern it is responsible for building an ENode  tree for. The resulting integral tree should be stored in the object iTree.

b)
For functions that were successfully integrated, a precise value for the definite integral can be determined. Add the one-line method,




public double definiteIntegral(double a, double b)



that will return 
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 by making a call to the existing method f. Using the supplied driver, output should look similar to,
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Finally. Remember these questions as a possible source for a Master’s Thesis down the road. Thank you for your unwavering commitment to our subject. You can’t begin to imagine how proud I am of you all.
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