;A/ BKQ Midterm
e LING 180/208

a0 Fall 2016

Instructions

l. No collaboration, you may only consult with Jos Tellings or Deborah Wong.

2. Due on Thursday October 27, beginning of class.

3. Please submit your answers together with this exam.

4. Ixercise 10 is required for 208 students, extra credit for 180 students.

Total points for 180 students: 82 points (max score with bonus = 90 points)
Total points for 208 students: 90 points

Exercises

1. (10 points) Set Theory

(a) (4 points) Consider the sets X = {2,4}, Y = {1,4}, and Z = {2}. Write the sets
XNY,Z—-X,and X x Y. Describe in words what the elements of Z* look like.

(b) (3 points) Give an example of three sets A, B, C such that AN BN C = @, but
ANB#0, BNC % frand AQC 0.

(¢) (3 points) Write C, considered as a relation on P(N), in set-abstraction notation.
Do not use the symbol ‘C’ in your answer!

2. (10 points) Infinity

(a) (6 points) Let S be the set N — {2,3}. Show that N~ S:
i. by using our original definition of ~ (top of page 22).
ii. by using the Schroder-Bernstein Theorem (Theorem 2.2 on page 46).
(b) (4 points) Define recursively a one-to-one function F' from N into the set of gram-
matical English sentences.

i. Compute F'(3) step by step.
ii. Explain how this constitutes an argument that the set of grammatical English
expressions is infinite.
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3. (12 points) Relations

:
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In this diagram, a pointed arrow from z to y indicates that (z,y) € R. For example,
aRa, aRb, etc.

(a) (4 points) The relation R is not symmetric, not asymmetric, not antisymmetric,
and not irreflexive. For each of these 4 properties, give a reason why it does not

hold for R.

(b) (3 points) The relation R is not transitive. Add the minimum number of arrows
needed to make R transitive.
Part 2 (unrelated to the figure)
(c) (5 points) Let B beaset, and S a binary relation on B. Prove: if S is antisymmetric
and irreflexive, then S is asymmetric.

4. (9 points) Trees

Consider the following tree:

1
/\
2 3
’ Mary (4’ 6
1 |

i checked the 9 10 11

[ | | P

E books out 12 13

I | et

| that 14 15
I

we recommended

Page 2




tal 13 pinte) Cive = e
s Gi points) Give an example of nodes a and b such that aCCh and bCCa.
1ve an ex: : & : ; :
xample of nodes z and y such that z asymmetrically c-commands y.
(b) (3 points) 1. e : . ) ; : :
} @ P ~n.t>_, LlSt‘e\er_\ node that generates a discontinuous constituent (as defined in
Definition 4.19).

{¢) (3 points I ’ - ‘ B
(¢) (3 points) Explain why the tree does not satisfy the Exclusivity Condition.

5. (10 points) Isomorphic trees

Consider the simple tree T}: 1
///\
2 ?
/\ /\
3 1 6 5

(a) (4 points) Give two other seven-node trees T» and T3 with the property that no
two of the trees in {7}.75, T3} are isomorphic.

(b) (6 points) For each of the three pairs of trees (T} and Ty; Ty and T3; 7> and T3),
give a sufficient reason why they are not isomorphic.

6. (12 points) Derivation trees
(a) (6 points) Using the grammar from Chapter 5, draw derivation trees (can be stan-
dard trees) for the following sentences:
1. Dana’s brother and some professor congratulated John.
2. No student criticized every professor.

3. Each policeman who Kim praised and congratulated ¢ cried.

b) (6 points) The following sentence contains an appositive relative clause:
I 8 pp
(1) Kim, who praised John, laughed.

Assume that appositive relative clauses contain a new lexical item who,p,.
i. Determine the category of who,p,, on the basis of the sentence above.
ii. Draw the standard tree of sentence (1).
iii. For each new category that you have used in order to derive (1), say if it
T
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7. (6 points) Context-free grammars
Let G be the grammar with N = {S,B}, T = {a, b}, start symbol S, and — defined as

follows:
S — aS|BaB
B — b|Bb

(a) (3 points) Write L(G) in set notation.

(b) (3 points) Write a regular expression that corresponds with L(G).
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8. (7 points) Context-free languages

(a) (3 points) In chapter one we considered the set of DPs A * g
mother of the president, the mother of the mother of the president, ... }. The se

A can be matched with N by the function

{the president, the

F(n) = (the mother of)" the president for each n € N.

Show that A is context-free. Assume that all words are terminal symbols.
(b) (4 points) Present in about one paragraph of text an argument for why natural
languages are not adequately modeled by context-free grammars.

9. (6 points) Automata
(a) (3 points) Consider the following non-deterministic automaton A over the alphabet
{a,b,c}:

start

What is the language generated by A? (you may give it as a set, or as a regular
expression)

(b) (3 points) Give a finite-state automaton over the alphabet {a,b,c} that generates
the language of words of even length that begin with abc and end in c.

Extra credit exercise (required for 208 students)

10. (8 points) Regular languages
(a) (4 points) Chapter 7 introduces the function £ : RE(A) — P(A*) that assigns to
each regular expression r (over an alphabet A) the language that r denotes. Is £ a
one-to-one function? Is £ onto? For both, explain why or why not.

(b) (4 points) Write L(RE(A)) for the set {L(r)|r € RE(A)}.
Show that | JL(RE(A)) = A*.
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