
CSE 105
Homework 1

Due: Wednesday September 28, 2016

Instructions
Homework should be done in groups of one to three people. You are free to change group
members at any time throughout the quarter. Problems should be solved together, not
divided up between partners. A single representative of your group should submit your
work through Gradescope. On submission, make sure to add all your group members to the
Gradescope assignment (see website for detailed instructions).

Submissions must be received by 11:59pm on the due date, and there are no exceptions to
this rule. We recommend that you submit early drafts to Gradescope so that in case of any
technical difficulties, at least some of your work is present. You may update your submission
as many times as you’d like up to the deadline.

Homework solutions should be neatly written or typed and turned in through Gradescope
by 11:59pm on the due date. No late homeworks will be accepted for any reason. You will be
able to look at your scanned work before submitting it. Please ensure that your submission
is legible (neatly written and not too faint) or your homework may not be graded. A typed
PDF submission is recommended.

For this first homework set you will be graded in two ways: first, each question will be scored
according to the standards and rubrics you can expect for the rest of the quarter. However,
this score will not be recorded as your grade; you will also be assigned points according to the
extent to which your work demonstrates “a fair effort attempt” at all parts of the question
and this score will be recorded as your HW1 score. Future homework scores will be based on
correctness of your solutions.

You may consult your textbook, class notes, lecture slides, instructors, TAs, and tutors for
help with homework. You should not look for answers to homework problems in other texts or
sources, including the internet. Only post about graded homework questions on Piazza if you
suspect a typo in the assignment, or if you don’t understand what the question is asking you
to do. Other questions are best addressed in office hours.

Your assignments in this class will be evaluated not only on the correctness of your answers,
but on your ability to present your ideas clearly and logically. You should always explain how
you arrived at your conclusions, using mathematically sound reasoning. Whether you use
formal proof techniques or write a more informal argument for why something is true, your
answers should always be well-supported. Your goal should be to convince the reader that
your results and methods are sound.

Reading Sipser Chapter 0 and Section 1.1

Key Concepts Sets, integers, sequences, functions, relations, predicates, graphs, trees,
strings, languages, lexicographic ordering, boolean logic, proof by construction, proof by
contradiction, proof by induction, finite automata (DFA), computation trace, accept / reject,
language of an automaton, regular language, union of languages, concatenation of languages,
star of a language.



1. (2 points) Set up all the tools required for this class: Enroll in the Piazza site for this class:
http://piazza.com/ucsd/fall2016/cse105. Confirm you have access to this class via Gradescope
https://gradescope.com/ using your ucsd.edu email address. Login into ieng6 and make sure you know
how to move files to/from ieng6 and your own computer.

To receive credit for this question, submit screen-captures of each group member’s account logged into Piazza
and each group member’s account logged into Gradescope. Make sure that each screen-capture includes the
username or login identifier. (No need to submit a screenshot for ieng6 login; you’ll work with it more in
Problem 5.)

2. (10 points) True/False State whether each statement is true or false and justify with one or two
sentences. For example, if the statement is true and follows from definition(s), write out the relevant
definitions and explain how they apply. If the statement can be disproved by a counterexample, give a
counterexample and explain why it proves the statement is false.

a. The empty set is a language over the alphabet {0, 1}.

b. There exist finite sets A,B for which the Cartesian product A×B equals P(A ∪B). Recall that P(·)
is the power set operation and ∪ is the union operation.

c. The concatenation of the empty string and the string 110 is the empty string.

d. If Σ is an alphabet and w is a string over Σ, then {|w|} is an integer.

e. The union of two languages over an alphabet Σ is, itself, a language over Σ.

3. (12 points) Prove that, for any language A over the alphabet {a, b}, we have A∗ = {ε} ∪ (A ◦ A∗),
where ∗ indicates the Kleene star operation, ∪ indicates union, ◦ indicates concatenation, and ε indicates
the empty string.

4. (12 points) Consider the DFA, M , whose state diagram is given by:

a. Prove that the set {03n+1 | n ∈ N} is a proper subset of L(M), the language of this DFA.

b. True or false: for any string x, if x is in L(M) then so is xR. Prove your answer.

Optional: how would you write L(M) formally? How would you prove that your expression is correct?

Note: We will often include optional questions in the homework assignment to encourage you to think further
about this material. We’re happy to discuss these questions in office hours or via Piazza, but they are not to
be turned in.



5. (14 points) The goal of this question is to help you set up the tools we’ll be using to visualize and
analyze DFAs (and, later, other models of computation). To get started, download and install JFLAP
and set up the haskell environment as directed on the class webpage under the heading “Tools: Textbook,
LaTeX, JFLAP, Haskell, and Other Resources”. All homework specific haskell files are available either from
the course webpage, or in the $PUBLIC/HW1 directory on ieng6, and should be dowloaded or copied to your
working directory.

a. Load the file HW1.hs into the Haskell interpreter by running ghci HW1.hs at the command line shell
prompt. Then, at the ghci prompt, evalute evalDFA machine1 "011" to run the DFA machine1

(defined in HW1.hs) on input string “011”. Pick some more strings (over the alphabet Σ = {0, 1}) and
run the DFA on each of them: which are accepted which are rejected? Based on your observations,
can you guess what the language of machine1 is?

Next, look at the definition of machine1 in the HW1.hs file. Based on the Haskell code, and your
previous tests, draw the state diagram of this machine using JFLAP. Save your diagram in a JFLAP
file named machine1.jff. You can check if the machine in your state diagram accepts the correct
language by loading HW1test.hs in ghci (with the command :l "HW1test.hs") and then running test.
(Alternatively, if you exited ghci, you can run the test directly from the shell by issuing the command
runhaskell HW1test.hs.) This assumes that the files HW1.hs, HW1test.hs and your machine1.jff

are in your working directory.

If the testing program reports any errors, fix them. When your solution passes all tests, take a
screenshot of your machine1.jff in JFLAP and include it in your PDF file as the solution to this part
of this question.

Also, individually submit your machine1.jff file on ieng6 using the command bundleHW1. If you are
unable to submit your files on ieng6, you will still receive full credit for “fair effort attempt” based on
the jflap screenshot. But you should at least try, so if you have any issues using ieng6, you can resolve
them before the next homework.

b. Describe using mathematical set notation the language of the machine (machine1) from part a. Briefly
justify your answer with reference to the state diagram of the DFA.

c. Optional: Look at the definition of machine2 in HW1.hs for a more complex example of DFA defined in
haskell. This time the transition function is represented implicitly by a program, rather than a table.
This allows to compactly represent automata with a very large number of states. Experiment with
machine2 as in part (a) testing it on different strings (always over the alphabet Σ = {0, 1}.) Find at
least both a string which is accepted and a nonempty string which is rejected. How many states does
the automaton have? What is the language of the automaton? (Hint: Think of the input strings as
binary numbers, written left-to-right as usual, e.g., the input string 110 represents the number 6. You
can describe the language with a sentence of the form “The set of all integers n, written in binary, such
that ...”.)

d. Optional: Using haskell, you can even write programs that output finite automata. Look at the
definition of buildMachine in HW1.hs. It is a program that on input a positive integer n ≥ 1, outputs
a DFA buildMachine n. You can test these automata on any input of your choice as usual, e.g.,
by evaluating evalDFA (buildMachine 42) "10001001". Can you find a nonempty string which is
not accepted by buildMachine 128? How many states does buildMachine 128 have? Compare the
Haskell code for buildMachine and machine2. Can you give a formal description of the language of
(buildMachine n) for every positive integer n?


