CS/ECE 374 A Midterm 1 Practice 2 Questions Fall 2025

You have 120 minutes to answer five questions.
Write your answers in the separate answer booklet.

Please return this question sheet and your cheat sheet with your answers.

1. For each statement below, check “Yes” if the statement is always true and check “No”
otherwise, and give a brief (one short sentence) explanation of your answer. Read these
statements very carefully—small details matter!

(a) Every infinite language is regular.

(b) The language (@ + 1(01*0)*1)* is not context-free.

(c) Every subset of an irregular language is irregular.

(d) The language {@“1 b | a— b is divisible by 374} is regular.

(e) If language L is not regular, then L has a finite fooling set.

(f) If there is a DFA that rejects every string in language L, then L is regular.

(g) If language L is accepted by an DFA with n states, then its complement %* \ L is also
accepted by a DFA with n states. Ve J',

S 7
(h) s a fooling set for the language {17071/ | i,j>0}. No.
(i) Every regular language is accepted by a DFA with an odd number of accepting states.

(j) The context-free grammar S — ¢ | 0S1S | 1S0S generates all strings in which the
ber of 0 Is th ber of 1s. 7 @
number of s equals the number of 1s HW(\/‘}/ [ ey .

2. For any string w, let cycleleft(w) denote the string obtained by moving the first symbol
of w (if any) to the end. More formally:

€ ifw=e
cycleleft(w) = ) )
x *a if w=ax for some symbol a and string x

For example, cycleleft(001111)=011110.

Let L be an arbitrary regular language over the alphabet {0, 1}.

(@) Prove that CycLELEFT(L) = {cycleleft(w) | w € L} is a regular language.

(b) Prove that CycLERIGHT(L) = {w € * | cycleleft(w) € L} is a regular language.
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3. For any string w € {0, 1}*, let squish(w) denote the string obtained by dividing w into
pairs of symbols, replacing each pair with 0 if the symbols are equal and 1 otherwise, and
keeping the last symbol if w has odd length. We can define squish recursively as follows:

w fw=corw=0o0orw=1
squish(w) := { @-squish(x) if w=00x or w = 11x for some string x

1-squish(x) if w=01x or w= 10x for some string x

For example, 04 1l
squish(@&&&@ﬂ) =010111

(;"t)w:\:'w"‘ v

(b) Prove that #(1,squish(w)) is even if and only if #(1,w) is even (or equivalently, that
#(1, squish(w)) mod 2 = #(1,w) mod 2) for every string w.

(@) Prove that #(1,squish(w)) < #(1,w) for every string w.

As usual, you can assume any result proved in class, in the lecture notes, in labs, in lab
solutions, or in homework solutions. In particular, you may use the fact that #(1,xy) =
#(1,x)+ #(1, y) for all strings x and y.

4. Let L be the set of all strings in {0, 1}* in which every run of 0s is followed immediately
by a shorter run of 1s. For example, the strings 0001100000111 and 11100100000111 and

—_—
L — C pm—

11111 are in L, but the strings 00011111 and 000110000 are not.

(@) Prove that L is not a regular language. E,o \14&
7

Qe

(b) Describe a context-free grammar for L.

5. For each of the following languages L over the alphabet > = {0, 1}, describe a hat
accepts L and give a regular expression that represents L. You do not need to justify your
/_—_‘
answers.

(@) Strings that do not contain the subsequence 01110.

(b) Strings that contain at least two even-length runs of 1s.
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* Don’t panic!

* You have 120 minutes to answer five questions. The questions are described in more detail
in a separate handout.

* If you brought anything except your writing implements, your hand-written double-sided
82" x 11" cheat sheet, and your university ID, please put it away for the duration of the
exam. In particular, please turn off and put away all medically unnecessary electronic
devices.

* Please clearly print your name and your NetID in the boxes above.

* Please also print your name at the top of every page of the answer booklet, except this
cover page. We want to make sure that if a staple falls out, we can reassemble your answer
booklet. (It doesn’t happen often, but it does happen.)

* Proofs or other justifications are required for full credit if and only if we explicitly ask for
them, using the word prove or justify in bold italics.

* Do not write outside the black boxes on each page. These indicate the area of the page
that our scanners will actually scan. If the scanner can’t see your work, we can’t grade it.

* If you run out of space for an answer, please use the overflow/scratch pages at the back of
/ the answer booklet, but please clearly indicate where we should look. If we can’t find
your work, we can’t grade it.

* Only work that is written into the stapled answer booklet will be graded. In particular,

you are welcome to detach scratch pages from the answer booklet, but any work on those

/) detached pages will not be graded. Please let us know if you detach a page accidentally.
We will provide additional scratch paper on request.

* Please return all paper with your answer booklet: your question sheet, your cheat sheet,
—"7 and all scratch paper. Please put all loose paper inside your answer booklet.




Is between
between is and between
or between between and is
or between and and or
or between or and between
or between between and and
or between or and and
or between or and or?



CS/ECE 374 A < Fall 2025 Name: — -
Midterm 1 Practice 2 Problem 1 D‘Q:EC L
For each statement below, check “Yes” if the statement is always true and check “No” otherwise, and give

a brief (one short sentence) explanation of your answer. Read these statements very carefully—small
details matter!

(@) Every infinite language is regular.
w| %] 50717703

(b) The language (0 + 1(01%0)*1)* is not context-free.

Yes Tt~ ved \/\)'3/‘ lM Ay Cdmi&ftr“—ret
T =

(c) Every subset of an irregular language is irregular.

| X @B e §orarlnzds

(d) The language {®a1b \ a — b is divisible by 374} is regular. < 0'6 ov j“': Qnd
r

e DFA w..(n\ év;?\,\ G{m — a"bW'OA 39"‘—{

(e) If language L is not regular, then L has a finite fooling set.

x| ¢ 75 ?‘Fooh/_mgéct

)

J

(f) If there is a DFA that rejects every string in language L, then L is regular.

Yes %~ DﬁA '—>O?0'1 rci(d,‘) @v(/*', el./.“"s?"’ 20“1”\“\%05

(=)

(g) If language L is accepted by an DFA with n states, then its complement ¥* \ L is also accepted by a
DFA with n states.

t
% No A =\ A
Ly
(h) 10" is a fooling set for the language {1 oitiqJ ’ i,j=> 0}

e | X 10051 11000”I Nave no ct\s'tffmame'\nwt st (i

(i) Every regular language is accepted by a DFA with an odd number of acceptlng states.

Y| [w] TE M has et o ceoping Asles, add W(“@? L
960

(j) The context-free grammar S — ¢ | 0S1S | 150S generates all strings in which the number of s equals
the number of 1s. T

] [ Hw i.4/

[4
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For any string w, let cycleleft(w) denote the string obtained by moving the first symbol of w (if any) to
the end. (See the question handout for a formal recursive definition.) Let L be an arbitrary regular
language over the alphabet {0, 1}. < -F'
S t‘/‘aw‘5 o/

(a) Prove that CycLELEFT(L) = {cycleleft(w) | w € L} is a regular language.

(b) Prove that CycLERIGHT(L) = {w € X* | cycleleft(w) € L} is a regular language.

Asscae Mcl@,s, A S 1= PFA Jor L.

@ Totuition: M' given ©O 141
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& s:;: 6|W"-'—‘asti =7 M aTven L0014
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e read J: Ques> hetbe—

1k last 9\/»"]90‘

0= QAx £0, 4 endy -
o — g[s,OB,(Grﬂ, (g,end')g < mmlt;ﬂ;i:;?—

A’:__ g[q,emcﬂ [qui":AXfeMcli
%’((q,o), 0) = Z[q,em&\ ’(S[q.f)), o}%
5 (g, 1) = £(5lan  OYD

(o 1), 0) = §(56a0), D5
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For any string w € {0, 1}*, let squish(w) denote the string obtained by dividing w into pairs of symbols,
replacing each pair with 0 if the symbols are equal and 1 otherwise, and keeping the last symbol if w has
odd length. (See the question handout for a formal recursive definition.)

,;/l ‘”\b‘t‘:\l"

(@) Prove that #(1,squish(w)) < #(1,w) for every string w.

(b) Prove that #(1,squish(w)) is even if and only if #(1,w) is even, for every string w.

Let v be g s-[-,f?.:S T {'0,_13’{- L
Assime (4,590 <H (1, xS For il x shecter Thom -

Cases.
T lVedl (1, eql ) =, )

e (v stats 00 :I:E[_‘L,gq[o& ;.#[.'1,4?[00'&))
= #/4, 0-5q(x))
=+ (4, sq(x»
LH=(4, XD

=—’#[il 00%\

< w stz 0L or 10 w4 b
#&,éqlw\\-?— 3}3"0.,401(35’6 =#[_‘L,j°§q(ﬂ)§

= lf\'#i[é'?[’s\ = —\-.ﬂ:@_,X} @
— ", 9bx) = IR{‘I, w)
s W 9t>/t3 ’11
4 (1,090) =3 (1, 50110 = H,0 59l
= H (1,55 £ 71, X @

2 24,9 = HL LD = H[L,w)
ThercTon #sldd g 4,V
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CS/ECE 374 A 4 Fall 2025 Name:

Let L be the set of all strings in {0, 1}* in which every run of 9s is followed immediately by a shorter run
of 1s.

(@) Prove that L is not a regular language. _&\W, b

(b) Describe a context-free grammar for L.
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For each of the following languages L over the alphabet ¥ = {9, 1}, describe a DFA that accepts L and
give a reggla.r—e*prfsﬁon that represents L. You do not need to justify your answers.

(a) Strings that do not contain the subsequence 01110.

(b) Strings that contain at least two even-length runs of 1s.
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