Discrete Math & Functional Programming— CSCI 054— Spring 2025
Instructor: Osborn
Homework 4 (29 point(s))
Due: 11:59PM on Sunday

This problem set comprises two submissions: a Gradescope Haskell submission (as we
have been doing) and a Gradescope PDF submission (to be produced by IATEX).

e The template file weekO4-ps-template.hs has the types for each of the functions.
There is a comment above each that simply names the function. Make sure to augment
that comment with a description of what the function does. This is in addition to
other comments you might want to include in your file. And please don’t change the
type declarations!

e You are free to use functions that are built-in to Haskell (e.g. length or map) or that
are in Data.Char (e.g. toUpper, or ord or chr). (Yes, those are all hints!)

e You may not import any modules (other than Data.Char, which is already imported
in the template). You may not use list comprehensions.

You will be using I TEX to format your discrete math problem sets for the rest of the
semester. Documents written in IXTEX look beautiful, but it does mean that there will be a
bit of overhead initially as you get used to this new language. I recommend using Overleaf
(overleaf.com) to manage your KTEX documents since, among other things, it will make
collaborating much easier. Please give yourself some extra time on the assignment to get
the IXTEX document to format correctly!

1. [19 point(s)] Substitution Ciphers, part 2

For the last problem you wrote a function to encrypt using Caesar ciphers, which
use a simple shift of the alphabet. For this problem we’ll look at a slightly more
sophisticated system.

Suppose you and your fellow spy want to exchange secret messages. You agree on a
pangram, a sentence that contains all the letters of the alphabet, to use as a key. The
order of the letters in the pangram will specify the letter-for-letter substitution you
will use. Here are a few examples of pangrams:

A QUICK BROWN FOX JUMPS OVER THE LAZY DOG
CRAZY FREDRICK BOUGHT MANY VERY EXQUISITE OPAL JEWELS
GRUMPY WIZARDS MAKE A TOXIC BREW FOR THE JOVIAL QUEEN


overleaf.com

Suppose you chose the third of these. Then to encode your message, you would replace
A with G, replace B with R, and so forth. Pangrams that use each letter only once are
rare and hard to remember, so we have to eliminate duplicate letters. For the third
“erumpy” pangram, we would have the following translation.

ABCDEFGHIJKLMNOPQRSTUVWXYZ._
GRUMPY_WIZADSKETOXCBFHJVLQN

Now let’s write code that allows us to encrypt and decrypt a message using this
system. To do this you should implement the following functions:

e Write a function keepFirst :: [a] -> [a] which removes duplicates from
a list by keeping the first occurence of each item. For example, keepFirst
[1,3,2,1] should evaluate to [1,3,2].

e Use keepFirst to write a function subst :: String -> [(Char, Char)] that
takes a pangram and returns a list of pairs of characters. Each pair will specify
one substitution in the cipher. For example, using the “GRUMPY” pangram:

subst "GRUMPY...QUEEN" would return
[(°A?,°G?),(°B’,’R?),...,(°,7,°N?)]
You may assume that the given pangram is presented as a string with only
uppercase letters and spaces.

e We are now ready to assemble the parts of a substitution cipher. Write a function
substEncipher :: String -> String -> String which takes a pangram key
as the first parameter and a plaintext message as the second, then returns the
encrypted string. The pangram key and plaintext may be in either lower or
uppercase and they might include punctuation, so you will want to sanitize
them.

e Write the corresponding substDecipher :: String -> String -> String which
takes a pangram key as the first parameter and an encoded string as the second
parameter and returns the plaintext message. The pangram key will be the one
used to encipher. All you have to do is invert the substitution.

Again, the pangram key and plaintext may be in either lower or uppercase, so
you will want to sanitize them.

Once your functions are working properly, you will be able to encrypt a message with
the key and then decrypt it to get the original message back.

. [10 point(s)] Sets

(Problem 2.108 from the CDMCS.)

In general, A — B and B — A do not denote the same set. But your friends Evan
and Yasmin wander by and tell you the following. Let E denote the set of CS54



homework questions that Evan has not yet solved. Let Y denote the set of CS5H4
homework questions that Yasmin has not yet solved. Evan and Yasmin claim that
E—-Y =Y — E. Is this possible? If so, under what circumstances? If not, why not?
Justify your answer.

Note that T am not asking for (and do not want!) a formal proof on sets; we’ll talk
about proofs specifically later in the semester. Instead, please describe your reasoning
clearly and in full sentences. The goal is to practice thinking logically.



