CS/ECE 374 A Midterm 1 Practice 3 Questions Fall 2026

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!

(@) Every integer in the empty set is prime.

(b) The language {0™1" | m +n < 374} is regular.
(¢) The language {0™1" | m —n < 374} is regular.
(d) For all languages L, the language L* is regular.
(e) For all languages L, the language L* is infinite.

(f) For all languages L C ¥, if L can be represented by a regular expression, then %*\ L
is recognized by a DFA.

(g) For all languages L and L', if LNL" = @ and L’ is not regular, then L is regular.
(h) Every regular language is recognized by a DFA with at least 374 accepting states.
(i) Every regular language is recognized by an NFA with at most 374 accepting states.

(j) Every context-free language has an infinite fooling set.

2. The parity of a bit-string w is @ if w has an even number of 1s, and 1 if w has an odd
number of 1s. For example:

parity(e) =0 parity(0010100) = @ parity(00101110100) =1
veqgo )QT
(@) Give a self-contained, formal, recursive definition of the parity function. (In particular,

do not refer to # or other functions defined in class.) \’/

(b) Prove that for every regular language L, the language ODDPARITY(L) :={w € L

is also regular.

(c) Prove that for every regular language L, the language ADDPARITY(L) := {parity(w)OM | we L}
is also regular.

[Hint: Parts (b) and (c) can be solved without the full language transformation
machinery needed for Homework 4.]
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3. LetL = {w@”wR \ we{0,1} and n > O} where w® denotes the reversal of string w.

f“""d sets

(@) Prove that L is not a regular languagg

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

4. For any string w € {0, 1}*, let take2skipa(w) denate the subsequence of w containing
symbols at positions 1,2,5,6,9, 10,. ’ .. In other words, take2skip2(w)
takes the first two symbols of w, skips the Tiext two, takes the next two, skips the next two,
and so on.For example:

take2skip2(1) =1
take2skip2(010) = 01
PO ~ -
take2skip2(0100111100011) = 0111001
— T AV

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

(@) Prove that the language Took2ADDED2(L) := {w ex* | take2skip2(w) € L} is regular.

(b) Prove that the language Took2SKIPPED2(L) := {takezskipz(w) | we L} is regular.

5. For each of the following languages L over the alphabet {0, 1}, describe a DFA that accepts L
and give a regular expression that represents L. You do not need to prove that your
answers are correct, but you should give your DFA states mnemonic names. 4

4
(1) 0(09
(a) All strings in which every run of 1s has even length and every run of 0s has odd length.
(Recall that a run is a maximal non-empty substfing in which all symbols are equal.
(b) All strings in 0*10* whose length is a multiple of 3. y
Z product cmstractim of DFA?

. *)
Feg wlar ex pressin  cases Cased on Firsd 90,
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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 beyond those listed in the standard grading rubrics are
required if and only if we explicitly ask for them, using the word prove or justify in bold
italics. In particular, DFAs need to have mnemonic state names.

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, feel free to use the overflow/scratch pages at the
back of the answer booklet, but 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. We do
not recommend detaching pages from the answer booklet, because any work on those
detached pages will not be graded (and it disrupts our process for uploading solutions to
Gradescope.) Please let us know if you detach a page either on purpose or accidentally so
we can reattach it.

We will provide additional blank scratch paper on request, but we will not grade anything
written on it.

Please return all paper with your answer booklet including your question sheet, your
cheat sheet, and all scratch paper. Please put this loose paper inside your answer booklet.
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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 integer in the empty set is prime.

x| | v Va.p;(l,lt;/ true (&a.owv‘ @/)

(b) The language {0™1" | m + n < 374} is regular.

X| ™| languege is Ginite
Jo/
(c) The language {0™1" | m —n < 374} is regular.

o %] F=30"|m7375%

(d) For all languages L, the language L* is regular.

w| K] Log0" ["#H [ 203

(e) For all languages L, the language L* is infinite.

w| O] L= "= $¢2

by a DFA.

(g) For all languages L and L/, if LN L’ = @ and L’ is not regular, then L is regular.

w| K] Ceb =¥\ L'

)| %] _L s req.=2 27\ s reg. = accopinl 6 DFA

(h) Every regular language is recognized by a DFA with at least 374 accepting states.

(j) Every context-free langu
an neée

Yes ){ C_ ':,d

as an inffnitefooling set.

7"
<z,

ac r,(’ -}ﬂdf

(f) For all languages L C ¥, if . can be represented by a regular expression, then ¥* \ L is recognized
e

new
X||v| Can ad) 37% unreachable accepliny stales 1oany g
F
(i) Every regular language is recognized by an NFA with at most 374 accepting states. O—%~> o
- ]
X | v Qa in acc state g0 To

mwe detyltdSa ne% aco ling Stale u,.o\h no oulyo 9. A'TA0$s3) U puand
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The parity of a bit-string w is 0 if w has an even number of 1s, and 1 if w has an odd number of 1s.
(@) Give a self-contained, formal, recursive definition of the parity function. (In particular, do not refer
to # or other functions defined in class.)

(b) Prove that for every regular language L, the language OppPARITY(L) := {w € L | parity(w) =1} is

also regular.

(c) Prove that for every regular language L, the language ADDPARITY(L) := {parity(w)-w | w € L} is

also regular.

0 if w€
bty 0 b w0
(l+,>w-}7()<))m&2 W owe /x

0
(6) L, %WlPam'}y (w)= }} is ucclp*cd. 67 o‘@ and 5o

it s remlar.
Obd Puridy (LY = LAL, 50 it 35 regular, also,
() Even Parity ()= Rwel | panity (W)= 03 = L\ Odel Fandy (L)

is i"efu/ar.

(o) parity (w) =

0¥ ¢ 2% are V@jw}a/‘.
Add Parity (L)< £0 3 oEwnfardy (1) U 213004d Parity (1)

(s Mgu ar.
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Let L = {wo"wk | w € {0,1}* and n > 0} where w® denotes the reversal of string w.

(@) Prove that L is not a regular language.

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

() Cet F= %[‘UO /M'IZOf\y’/ay?n] i+ sade

(et x y be olistinct memCers od F.

X140 &731‘)0 Ffor  some A,)2 Ftu#,.

Cet 2= 1% . i o

Thn x2° (40| eL; Lot YZ:IJOIwB'E/C,beczM,sP
LZ

So Fis an inGinite dorling se7 dor L, (s no¥t re,

(6)S > A | 0501!51 L
A D0 JoA " |n>03
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For any string w € {0, 1}*, let take2skip2(w) denote the subsequence of w containing symbols at positions
1,2,5,6,9,10,...4i+ 1,4i + 2,.... In other words, take2skip2(w) takes the first two symbols of w, skips
the next two, takes the next two, skips the next two, and so on. Let L be an arbitrary regular language
over {0,1}.

(@) Prove that the language ToOk2ADDED2(L) := {w ex* | take2skip2(w) € L} is regular.

(b) Prove that the language Took2SKIPPED2(L) := {take25kip2(w) | we L} is regular.

(@) Cer M- [9_\/§J s, A) fe a DFA ucce/ﬁLMj C.
Bu:ld an JVFA Mm'= (8 nJ 5: S./ Al) alcce’/’*;”] TaakLAUfA”z((,);
Q": & X{]jzjf ¢ L (state in N index oF nex} syméo} mid #)

s' = (5,1)
A':A x%l)zjaj‘f}
3'((5,0),a) = 1 (5(g,s), 2) # UyeQ a¢ $0)3

5‘((‘6’11)/“) ={(J{$,)a)} 3)3' H,EQJ@G{i@//;
5,[(‘603))“):%[(6«}%)} Vﬁsa_,‘li-g; I}
' () e) *5lg, 108 VgeQ e €19

W' simwlates M only on symdbols ob adex |2 mid ¢.
((,)LH’ M*‘(O)SJJJA) be a DF{‘S zccef);nﬂ C.

Buildh NFA N'=(® 8 s', A) with e-Fransitions
that accepts TooklSkippedl2 (),

&lCQK'%IJ 2,3, § < index of _pext s ymbol mod ¢ dor WV
|l <

3, )
AlEA X %‘)ZJSJSL;

cond, on 6.

4
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For each of the following languages L over the alphabet {0, 1}, describe a DFA that accepts L and give a
regular expression that represents L. You do not need to prove that your answers are correct, but you
should give your DFA states mnemonic names.

(@) All strings in which_every run of 1s has even length and every run of @s has odd length. (Recall that
a run is a maximal non-empty substring in which all symbols are equal.) B

(b) All strings in 0*10* whose length is a multiple of 3.

All Mo'SS.'nj Frams: tioms g0
Jo a oﬂu,mlo statt.

D

of &
(e *ll(l))’)(o(m)k[l[u) ) (6 + 0(00) )

! L) is 0*10°%)

(LM, ¢ length is = mult 0% 3)

Machine M Eov LMJM,J @

+ M, JAccopT in sTafes A, X<As
whore A, A, are xccz/oyl;nﬂ s fFadss
o M <M,

&
(ooo)*loo (ooo),"’r 0 (000)#1 0(0003*7“ 00(000)#' (000)
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