CS141 Java Programming I
Shoreline Community College 


SOLO Programming Assignment 3:
Name:  







Successive approximations for π (pi), Interactive programming (user input), iteration (loops), variables, formatting output and programming style. See syllabus/web site for due dates.
READ ALL THE DIRECTIONS BEFORE STARTING YOUR SOLUTION

Puzzle:  Suppose that someday you are stranded on a deserted island, without the java.lang.Math class.  Do not despair--you can estimate the value of ( using only addition, subtraction and division.  The key to estimating ( is the following formula (the sum of an infinite series):
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The right side of the formula indicates that you can add more terms, following the pattern.  The more terms you add, the closer the sum will be to π / 4.
Before landing on that deserted island, you should be sure that your algorithm is correct--plan and code a class called PiEstimator.  Your program should ask the user for the number of successive estimates to generate.  Your program will then employ the formula above to generate those estimates.  Of course, you will have applied a basic algebraic technique to that formula to generate (, not ¼ of it.  

Do NOT use Math.PI or any other features of java.lang.Math to generate your estimates.  
You should, however, use Math.PI and Math.abs(...) to evaluate your own estimates.  

Here's the display expected when 10 is the number entered by the user.
G:\141\Asgn3\Pi> java PiEstimator

Pi Estimator by Phineas Taylor

Enter the number of estimates:  10
Num      Estimate    Difference
-------------------------------

  1  4.0000000000  0.8584073464

  2  2.6666666667  0.4749259869

  3  3.4666666667  0.3250740131

  4  2.8952380952  0.2463545584

  5  3.3396825397  0.1980898861

  6  2.9760461760  0.1655464775

  7  3.2837384837  0.1421458301

  8  3.0170718171  0.1245208365

  9  3.2523659347  0.1107732811

 10  3.0418396189  0.0997530347

G:\141\Asgn3\Pi>​_ 

A.  Make a “pencil solution.”  See PencilSolution.PDF for an example.  It's linked from the general (upper) section of our class website.  Show your calculations for the first 4 estimates.  It is OK to use a calculator for this design step.  It is NOT necessary to find common denominators when adding or subtracting fractions—decimal representations to 3 or 4 places will be fine for this step (the computer will use double representation in your program).  If the calculation for any part is complicated, explain it with pseudocode or a flow chart.  This is a good time to think about names for methods and variables.  Save your pencil solution to turn in for this assignment.
B.  Plan the structure of your solution.  Design 3 methods to manage these tasks:  printing the title of the program, getting the user's request and printing the headings for the table.  
Design a 4th method that manages the details of one estimation cycle.  It should return the next estimate to the program.  It will need some information to generate that estimate – some parameters.  It should NOT use any methods from the Math class.  It should NOT generate the output (except during debugging).
Design a 5th method to manage the output for each estimation cycle.  This method should use Math.PI and Math.abs to determine your codes accuracy.
Of course you will need a main method to direct the program.  It will probably include a loop structure.  Make sure that your main method quickly gives "the big picture" to the reader (of your code).
C.  Implement the class.  In a folder named Pi, implement the PiEstimator class.  Do not use any class-level variables.  You may use class-level constants if they seem really appropriate.  Include the standard assignment identification (See an example on our class web page) as comments in Javadoc style at the top of your code and for each method. Appendix C explains Javadoc.
Following your pencil solution (part A) and plan (part B), code the methods in the PiEstimator class.  I recommend starting with stub methods, as we have done in class.  Include additional block or in-line comments to explain any details of your implementation that are not obvious.  You won't need as many explanations when you choose good variable names.
Continue to use good programming style, including standard capitalization and whitespace, and such. Look ahead to the presentation on System.out.printf, p. 238-243, for a good technique to produce an output that is aligned as the examples.

D.  Add a text-graphic bar chart to illustrate the convergence of your estimates to the actual value of ( – see the sample below.  You should write a simple method named barCharter with this signature: 

/* Returns a string containing the requested number of the requested character */

public static String barCharter(int count, char ch)

Here's a sample use of barCharter to print ##### on its own line:

System.out.println(barcharter(5, '#'));

Use your barCharter to enhance the output so that it looks like this (if the user enters 8):
G:\141\Asn3\Pi> java PiEstimator

Pi Estimator by Phineas Taylor

Enter the number of estimates:  8
Num      Estimate    Difference  Estimate Illustrated
--------------------------------0---------1---------2---------3---------4
  1  4.0000000000  0.8584073464  MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

  2  2.6666666667  0.4749259869  MMMMMMMMMMMMMMMMMMMMMMMMMM

  3  3.4666666667  0.3250740131  MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

  4  2.8952380952  0.2463545584  MMMMMMMMMMMMMMMMMMMMMMMMMMMM

  5  3.3396825397  0.1980898861  MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

  6  2.9760461760  0.1655464775  MMMMMMMMMMMMMMMMMMMMMMMMMMMMM

  7  3.2837384837  0.1421458301  MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

  8  3.0170718171  0.1245208365  MMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

G:\141\Asgn3\Pi>_
To keep your output line on one screen line, you will have to scale the chart.  Do not alter the design of barCharter – just scale the parameters that you send to barCharter.
Yes, barCharter looks a bit like something we did in class.

Turn in:  (1) zip together {the source code -- PiEstimator.java and compiled code -- PiEstimator.class}.  Attach to an email message with this subject line:  141 Asgn 3 your_name
(2) Hardcopy of your pencil solution, source code and a screen capture of the program's output when the user has entered 9, attached to the back of this assignment sheet.

During the next week, we will study topics and techniques that might appeal to you for this puzzle.  You may include these strategies if you wish, with this restriction:  the if-structure can only be used in the method that gets the user's input.  Be sure that your solution meets the other specifications above.
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