CSC 388: Programming Languages
Homework 3: 100 pts.
Submission
Assignment 3 must be submitted to Canvas.  The code must be in the R5RS dialect of Scheme.  See “Racket Installation Directions” on Canvas for more details.  You will also be required to write an analysis and comparison of your solution.  You can find more information under the Submission section in this document.
For this assignment, you must submit 2 items.
1. Your R5RS Scheme solution as a .rkt file.  You can do this in Dr. Racket with File → “Save Definitions As”.  Call it mes.rkt.
1. A 1 - 3 page document with a comparison of your Scheme solution to the Java one.  Include in your comparison the syntax differences, similarities, runtime speeds as well as comparing the paradigms.  (Java is imperative while Scheme is functional).  The document should be either an ASCII text file, MS Word file, or a PDF.

	Pack all your files in a zip file.  Use the following naming convention.  If your name is John Smith, then your file name must be jsmith.zip.  Zipped files which are not properly named or packed correctly will receive 0 points.
Goal
The purpose of this assignment is to give you exposure to a new language, new paradigm, and new way of thinking about problems. The syntax is simple enough that the focus should be on the problem. The syntax is simpler than most imperative languages with the few rules it does have.
Problem
	Write a function, max-equal-sublists (mes for short), in Scheme that takes a list of at least 2 integers, duplicates are possible, and return the maximum length two sublists of equal length can have that have the same sum.  If no such sublists can be made, then return 0 for 0 length sublists.  Not all numbers need to be used in either sublists but the sublists must have the same length and same sum.  The integers can be positive negative and zero.
Let us see an example.
Given the list:
1, 2, 3, 4
We can have the following sublists:
	[1, 2, 3, 4]
[1, 2, 3]
[1, 2, 4]
[1, 3, 4]
[2, 3, 4]
[1, 2]
[1, 3]
[1, 4]
[2, 3]
[2, 4]
[3, 4]
[1]
[2]
[3]
[4]
Two sublists which have the same length and the same sums are:
	[1, 4]
 	[2, 3]
These each have a length of 2 and a sum of 5.   Let us look at another example where not all numbers are used.
The list of integers is the following.
	1, -1, 2, -3, 4, -2
The only sublists that work are:
	[1, -1]
	[2, -2]
With a sum of 0 for both and a length of 2 so 2 will be returned.
One more example where we have multiple sublists that fit:
1, 1, 2, 2, 2, 3, 2, 1
For this we have multiple sublists that have the same sum and length
	[1] [1]
	[2] [2]
	[1, 3] [2, 2]
	[1, 2] [1, 2]
	[2, 2, 2] [1, 2, 3]
	[2, 2, 2, 1] [1, 1, 2, 3]
The maximum length we can have is 4 so 4 would be returned.
A list that does not work is the following:
	1, 10, 50, -10, -30
In this case, there are no sublists that work so 0 is returned. Another example is the following:
	1, 3, 2
Even though we have sublist [1, 2] and sublist [3] with equal sums, their lengths are not the same so 0 is returned.
There may be more than 1 sublist which fits the parameters and may be more than 1 with the maximum length but different subsets of values but only 1 value should be returned by the function.

Examples
You have already seen examples above so here are more examples to test with
Example 1: The list ‘(-1 10 8 8 6) output should be 2.  The sublists are [10, 6] and [8, 8].
Example 2: The list ‘(-7 -8 4 4 9) output should be 1.  The sublists are [4] and [4].
Example 3:  The list ‘(-6 8 -4 -1 0 2 10 -7) output should be 4.  Example sublists are [-6, 8, -1, 0] and [-4, 2, 10, -7].
Example 4:  The list ‘(-5 -6 8 3 0 -8 5 4) output should be 3.  Example sublists are [-5, -6, 8] and [0, -8, 5].
Example 5:  The list ‘(26 25 45 -26 34 -25) output should be 2.  The sublists are [26, -26] and [25, -25].
Example 6: The list ‘(55 20 36 -29 -99 10 -84) output should be 0.  There are no sublists which satisfy the conditions.
The Function
	It is up to you to choose the auxiliary parameters that max-equal-sublists takes.  (Auxiliary parameters are scalar parameters used to help find the solution.  The list parameter is mandatory and thus not an auxiliary parameter.)  All auxiliary parameters must be numeric (not lists) and should have initial values set to zero.  For example, if L is ‘(1 2 3) and you decide to use two additional auxiliary parameters, max-equal-sublists must be called as follows:
(max-equal-sublists ‘(1 2 3) 0 0)
If there are three auxiliary parameters, then the function must be called:
(max-equal-sublists ‘(1 2 3) 0 0 0)
The whole solution must be packed into one recursive function called max-equal-sublists or mes which must look as follows
(define max-equal-sublists (lambda (<list L followed by your auxiliary parameters>)
			(cond
				…your code…
)))
In other words, you must choose your auxiliary parameters and define ONE COND statement.  The statement inside the diamond brackets (<>) indicates that a list parameter must be first and then your auxiliary parameters.
Criteria
You must follow the given criteria.  Not doing so will result in heavy point reduction.  
First, you must only define the one function.  No additional functions may be defined.
Second, you are restricted to the following constructs
· null?
· car
· cdr
· else
· +
· -
· =
· >
· >=
· <
· <=
· closest
· if
· and
· user defined names (for the names of your parameters)
· integer literals
· parentheses
You cannot use a construct not listed above.  In other words, you cannot call any other function except for max-equal-sublists and what is listed above.
Plagiarism
Plagiarism is defined as copying or receiving materials from a source or sources and submitting this material as one's own without acknowledging the debts to the source (quotations, paraphrases, basic ideas), or otherwise representing the work of another as one's own, is not allowed. Collaboration or group work, usually evidenced by unjustifiable similarity, is not permitted. The homework will be subject to screening by software programs designed to detect evidence of plagiarism or collaboration.  Keep in mind that posting a message (including anonymous messages) about the homework on the Internet (blog, software development forums, etc.) is plagiarism. I will be monitoring the Web for the next couple of weeks and taking actions if such a message is posted. 
Any student (or a group of students) accused of a violation of academic integrity will receive an F for the course.  You have been warned.
Additionally, you can find the academic honesty policy for the department with this link: https://csc.uis.edu/honesty
As well as the University policy here:
https://www.uis.edu/academicintegrity/policy/
Hint and Starting Point
This is a major spoiler for the assignment so if you want to attempt a solution yourself then do not read further.  This will go through the logic and give starting code that you just need to finish.
Along with this hint I have provided the solution in Java so you can see the logic that should be applied (as well as test any additional tests you want to come up with), however, Scheme is a little different.  You are not allowed to use let or set constructs to create intermediary variables so how are you to return a solution when one is found?  That will be discussed now.  Firstly, the solution relies on the following decisions for each element in the list
· Should we include the integer in sublist 1 sum?
· Should we include the integer in sublist 2 sum?
· Should we ignore the integer?
Along with this, we need to know what our parameters are going to be.  I will tell you that you will need two parameters to keep track of the sums of sublists 1 and 2 and you will need two parameters for each sublist, respectively.  Therefore, our function becomes
	F(list, sublist1, sublist2, sublist1_length, sublist2_length)
F is used here as a shorthand as the name of the function is not important for the algorithm.  The Java code follows this function structure.  In Scheme this will become
(define max-equal-sublists 
(lambda (list sublist1 sublist2 sublist1_length sublist2_length)
			;Cond statements
)
)
You may shorten the names, I’m just being more explicit here so it is easy to see what is doing what in the actual function.
This will define a new symbol called max-equal-sublists and bind a lambda function to the symbol with the parameters stated.
Now, what about determining this max sublist length?  We need to try every possible sublist combination which means putting each integer in both sublists (one at a time) or completely ignoring the integer.  The way you would do that is with 3 recursive calls
	The following adds the current element at the front of the list to sublist1.  Note that since a number is being added to sublist1 we need to make sure to increase sublist1_length.
		F((cdr list), sublist1 + (car list), sublist2, sublist1_length + 1, sublist2_length)
	The following does the same thing except now it does it for sublist2.
		F((cdr list), sublist1, sublist2 + (car list), sublist1_length, sublist2_length + 1)
	Finally, ignoring an element means just not doing anything with it.  
		F((cdr list), sublist1, sublist2, sublist1_length, sublist2_length)
Please note that this is not Scheme.  This is pseudocode that uses a little bit of Scheme to help flesh out what needs to be done.  For instance, you do not add the same way as shown above.  The add will be more like
	(+ sublist1 (car list))
But for now, trying to keep things familiar will help ease the transition.
Okay, now that the calls for making the decisions are figured out, how do we get this to return the correct solution?  Well, we need to compare them and return the result that is largest between them.  Imagine if we have 3 functions, F, G, and H.  We call each one and want to compare their results we just compare them with the appropriate comparison operator.  In this case, we want the maximum value, so we use greater-than.  Lastly, we apply the logic if F > G is true and H > G is false then F > H so return F.  If F > G is false and H > G is true, then H > F so return H.  And finally, if F > G is false and H > G is false then G > F and G > H so return G.  We can do this with the following.
	If F > G { return F }
	Else if H > G { return H }
	Else { return G }
What does this mean?  If you want the result that made F greater than G you need to call F again.  More importantly, you will get a solution for calling F, G, and H if they reach that conditional which will incidentally run down that part of the tree.  The decision tree for this solution is very complex and expands very fast.  Try to consider the maximum number of calls being made.  If F > G is false (2 calls so far) and H > G is false (2 more calls) then G is called again as the result (1 call) making a total of 5 recursive calls.
Set F, G, and H to a different recursive call above and you have part of the solution (minus the actual syntax).  Now you just need the base case.  The base case is when you have reached the end of the list.  The constant (cdr list) calls will eventually reduce the input to list to an empty list.  To test for that you use the null? function (yes, the question mark is part of it).  Here is the starting point for the program.

Starting Point
(define max-equal-sublists (lambda (list sublist1 sublist2 sublist1_length sublist2_length)
	(cond
			((null? list) check if sublist1 and sublist2 are equal as well as the lengths.  If they are return sublist1_length or sublist2_length (does not matter because they are the same) else return 0.)
			((> F G) F)
			((> H G) H)
			(else G)
		)
	)
)
