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Q&A

Tutorial 4
» Ex 1. (b) “A bee is an animal”: Why is the existential
quantifier not added to the solution? — How would you
use an existential quantifier here? IX(Xb A AX)? But
then we treat “a bee” as entity, not as a predicate. |
would say that we have to treat it as a predicate, since
“a bee” is not any particular bee. We can say “Maya is a

bee”, i.e. Bm.
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Q&A
Tutorial 4

» Ex. 1(d) “If an animal is gray, it is an elephant”: You added the
universal quantifier to the solution. | actually cannot see why it is
added there as we are talking about ‘an animal’ not ‘all animals’.
Should not we drop it in this case?

| would say that “if an animal is gray, it is an elephant” is equivalent
to “for all individuals which are animals it is the case that if they are
gray, then they are elephants”. Maybe this would have been a
better way of posing the question. My solution literally translates as
“for all individuals x, there exists a property X, such that if x has this
property (Xx), and this property has the property of being an animal
(AX), and this individual has the property of being gray (Gx), then
the individual is an elephant (Ex).”
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Q&A

Tutorial 4
» Ex. 1 (k): is AX(Xs AN Xm) AN =V X(X]), a possible
alternative solution? So negating the universal
quantifier instead of adding an existential quantifier.
Would this still be correct?

Yes, VX(Xj) means “John has all properties”, and the
negation hence means “It is not the case that John has
all properties”, so there is at least one property he does
not have.
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Q&A

Tutorial 4
» Ex. 1 (i): Can we move the existential quantifier for y to
the end? so the answer will be: Vx(3AX(Xx N AX) —

Jy(Cyx))
Yes, this seems fine.
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Q&A

Tutorial 4
» Ex. 1 (m): You used Yx in the solution, whereas it is
already used as Yx: x is yellow. Hence, should not we
change the notation to Zx, for example?

Yes, that’s a good point.
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Q&A

Tutorial 4
» Is the order relevant when we concatenate formulas
with logical “and” as in the example Xx N AX A Gx?

No, the law of commutativity allows us to change
formulas around here. Also, according to the syntactic
definitions we would have to put parentheses around
one pair of formulas, but this is not necessary here to

disambiguate.
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Q&A

Tutorial 4
» Can we reduce IX(Xx N AX N\ Gx) to AGx?

No, the latter statement would backtranslate as “x has
the property of being gray, which has the property of
being an animal”. So we would here say “gray” is an
animal rather than a color.

8 | Semantics & Pragmatics, SoSe 2020, Bentz © 2012 Universitat Tubingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Q&A

Tutorial 4
» Exercise 1 h): The given solution is

Vx(Vy((Ex N Ly) — Cxy)).
Is the following a valid alternative solution?

Vx(Vy((Ex — Cxy) A Ly))

Yes, this seems fine.
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Overview

Section 1: Information Theory
Entropic Investigations of Undeciphered Scripts
Measuring Morphological Complexity
Syntactic Surprisal

Section 2: Formal Semantics
M-Calculus in Modern NLP

References
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Entropic Analyses of Undeciphered Scripts

Section 1:

Information
Theory
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Rao et al. (2009). Entropic evidence for linguistic structure in the Indus script.
Rao (2010). Probabilistic analysis of an ancient undeciphered script.
Rao et al. (2010). Entropy, the Indus script, and language.
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Entropic Analyses: Block Entropy

Section 1:

Information

“Block entropy for block size N is defined as: Theory

Section 2: Formal

HN - — Z p,(N) |Og pI(N) (1 ) Semantics
i

References

where pr) are the probabilities of sequences (blocks) of N symbols.
Thus for N = 1, block entropy is simply the standard unigram entropy
and for N = 2, it is the entropy of bigrams.”

Rao et al. (2010). Entropy, the Indus script, and language, p. 4
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Written language or not?

Section 1:

Information
Theory

Section 2: Formal
Semantics

s |ndus
=~ Max Ent

- DNA
5 | == Protein
e Tamil

Eng chars

| | = Engwords
e Sansk

- Tagalog
e Sumer
L | == Fortran
— — — Min Ent

References

E=N

N
T

Normalized block entropy

1 2 3 4 5 6
Sequence length (block size)

Rao (2010). Probabilistic analysis of an ancient undeciphered script.
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However...
Slock Entrony “Using a larger set of nonlinguistic pection I+
and comparison linguistic corpora  RIE!
© o8 than were used in these and other  seciion 2: Formal
5 W studies, | show that none of the semantics
" S s previously proposed methods are  References
B |tmmm useful as published. However, one
5 [ of the measures proposed by Lee
% o o7 s ) ) and colleagues (2010a) (with a
Q 4 Oracle o .
4 e %§%§%E different cut-off value) and a novel
o o /i% /gég measure based on repetition turn
_ _°M”“**s'"~sgjéo—§%><.:, out to be good measures for
= classifying symbol systems into
o - the two categories.”
i 2 ) . 5 ‘

Sproat (2014). A statistical comparison of written language and nonlinguistic symbol
systems.
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Summary

Section 1:

Information

» A series of studies proposed to use entropic measures [
to distinguish human writing from other types of symbol
systems.

» However, the usefulness of these measures has been
called into question and needs further investigation.
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Measuring Morphological Complexity

Languages differ with regards to how productively they apply [
bound morhphemes to encode information about gender, T
case, tense, etc. How can we measure such differences? semantics

Theory

References
SINGULAR PLURAL

CLASS NOM GEN ACC VOC NOM GEN ACC VOC
1 -0S -u -on - -1 -on -us -1

2 -S -0 -0 -0 -es -on  -€s -es
3 -0 -S -0 -0 -es -on  -€s -es
- -0 -S -0 -0 -18 -on  -is -1s
5 -0 -u -0 -0 -a -on -a -a
6 -0 -u -0 -0 -a -on  -a -a
7 -08 -us -0S -0S -1 -on -1 -1

8 -0 -0s -0 -0 -a -on  -a -a

TABLE 1. Modern Greek nominal inflection classes (Ralli 1994, 2002).

Ackerman & Malouf (2013). Morphological organization: The low conditional entropy
conjecture.
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Measuring Morphological Complexity

Languages differ with regards to how productively they apply REEeEe:

Section 1:

. . Theor
bound morhphemes to encode information about gender, E—
case, tense, etc. How can we measure such differences? o

SINGULAR PLURAL

CLASS NOM NOM
1 -0 -S

2 -() -0

3 -() -en

Table 2: Modern English nominal inflection classes. We have left out irregular nouns
with ablaut (e.g. man/men, foot/feet), as well as foreign loanwords (criterion/criteria).
Also, genitive s is not considered an inflectional affix but rather a clitic.
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Enumerative Complexity
“Enumerative complexity (E-complexity) reflects the Eﬁﬁﬁﬁﬁn‘;n
number of morphosyntactic distinctions that languages E—

Semantics

make and the strategies employed to encode them, [...]”

References

Integrative Complexity

“The I-complexity of an inflectional system reflects the
difficulty that a paradigmatic system poses for language
users (rather than lexicographers) in information-theoretic
terms.”

Ackerman & Malouf (2013). Morphological organization: The low conditional entropy
conjecture.
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Average Entropy (E-Complexity)

Section 1:

“The average entropy of a paradigm is the uncertainty in guessing the [t
realization for a particular cell of the paradigm of a particular

lexeme (given knowledge of the possible exponents). This givesonea  scoenice
measure of the complexity of a morphological system — systems with References
more exponents and more inflection classes will in general have higher

average paradigm entropy [...]”

Theory

Average Conditional Entropy (I-Complexity)

[...] Thus, a better measure of morphological complexity is the
average conditional entropy, the average uncertainty in guessing the
realization of one randomly selected cell in the paradigm of a lexeme
given the realization of one other randomly selected cell. This is the
I-complexity of paradigm organization.”

Ackerman & Malouf (2013). Morphological organization: The low conditional entropy
conjecture.
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Paradigm Cell Entropy
We can calculate the entropy for every declension, i.e. paradigm cell et

Theory

(corresponding to columns in the table below), across the different EE—
classes and their morphological markers. This is called the Paradigm ~ <coerice

Cell Entropy (H(c)). References
SINGULAR PLURAL

CLASS NOM GEN ACC VOC NOM GEN ACC VOC
1 -0S -u -on -e -1 -on -us -1

2 -S -0 -0 -0 -€s -on  -€s -es
3 -0 -S -0 -0 -€s -on  -es -es
4 -0 -S -0 -0 -18 -on -18 -is
5 -0 -u -0 -0 -a -on -a -a
6 -0 -u -0 -0 -a -on -a -a
7 -0S -us -0S -0S -1 -on -1 -1

8 -0 -0s -0 -0 -a -on -a -a

TABLE 1. Modern Greek nominal inflection classes (Ralli 1994, 2002).
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Example: Nominative Singular

Section 1:
The entropy is defined as: Thoory.
CLASS NOM Section 2: Formal
H(X) = — X; IO X;), 2 Semantics
(X) Xi:p( i) logz p(xi) @ os e
2 -S
where each p(x;) is the relative frequency of each 3
marker in the cell (i.e. maximum likelihood -0
estimator). For instance, p(-os) = 2 for the + -0
nominative singular cell. 5 -0
The overall entropy of the nominative singular cell 6 -0
is thus: 7 _0S
2 2. 1 1. 4 4
(= x| il I I I - 8 -
1 1
g % Iogz(g)) = 1.75 bits/inflection
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The average of Paradigm Cell Entropies across all cells (columns) is pection I+
then the Average Paradigm Entropy. ey
Section 2: Formal
Semantics
SINGULAR PLURAL References
CLASS NOM GEN ACC VOC NOM GEN ACC VOC
1 -0S -u -on -e -1 -on -us -1
2 -S -0 -0 -0 -es -on  -€s -€s
3 -0 -S -0 -0 -€s -on  -€s -€s
- -0 -S -0 -0 -1S -on  -is -1s
5 -0 -u -0 -0 -a -on -a -a
6 -0 -u -0 -0 -a -on  -a -a
7 -0S -us -0S -0S -1 -on -1 -1
8 -0 -0s @ -0 -a -on  -a -a

TABLE 1. Modern Greek nominal inflection classes (Ralli 1994, 2002).

8) ¢ NOM.SG GEN.SG ACC.SG VOC.SG NOM.PL GEN.PL ACC.PL VOC.PL
H(c) 1.750 2156 1549 1.549 1.906 0.000 2.156 1.906
AVG
1.621
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Average Paradigm Entropy (AVG ENTROPY)
Across 10 Languages

Section 1:

Information
Theory

Section 2: Formal

LANGUAGE CELLS REALIZATIONS MAX DECL DECL  PARADIGM AVG semantics
REALIZATIONS CLASSES ENTROPY ENTROPY ENTROPY References
Amele 3 30 14 24 4.585 1.105 2.882
Arapesh 2 41 26 26 4.700 0.630 4.071
Burmeso 12 6 2 2 1.000 0.000 1.000
Fur 12 50 10 19 4.248 0.517 2.395
Greek 8 12 5 8 3.000 0.644 1.621
Kwerba 12 9 4 4 2.000 0.428 0.864
Mazatec 6 356 94 109 6.768 0.709 4.920
Ngiti 16 7 5 10 3.322 0.484 1.937
Nuer 6 3 2 16 4.000 0.750 0.778
Russian 12 14 3 4 2.000 0.538 0.911

TABLE 3. Paradigm entropies.

Ackerman & Malouf (2013). Morphological organization: The low conditional entropy
conjecture.
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Example: Burmeso (bzu, Isolate, Papunesia)

Section 1:

Information
Theory

The Average Paradigm Entropy of
Burmeso is relatively low, namely,
exactly 1 bit/inflection. Note that
this is because in the paradigm
used (table below) there are two I ORMIESTE
inflectional classes with always two 4
different inflectional markers, so
there is consistently 1 bit of choice.

{TALO

Section 2: Formal
Semantics

References

crass Isc Ip. Il.s¢ II.ep. Ill.sc HIL.p. IVsc IVeL Vs VreL VIsc VILIpL
A s g s g I I J- & & g
B b- t- n- t- n- b- b- b- b- n- n- n-

TABLE A3. Burmeso object agreement prefixes (Donohue 2001, Baerman et al. 2010).

Ackerman & Malouf (2013). Morphological organization: The low conditional entropy
conjecture.
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Example: Chiquihuitlan Mazatec
(maq, Otomanguean, North America)

Section 1:

Information
Theory

ATECAS)
e e
’ateca,s 3

The Average Paradigm Entropy of

Section 2: Formal

. . .y . . Semantics
Chiquihuitlan Mazatec is relatively

. S . References
high, namely, 4.9 bit/inflection.

CLASS 1sG 235G 3 1INCL 1 2rL

1 a/l-1/tsi e/2-2/n1 al(2-2ytsi a2-2/m 1/2-24/m /2-2/ni

2 a/3-1/tsi e/3-1/ni al(3-1)tsi an-31/ni /3-14/ni /3-1/ni

3 a/1-1/tsi 12-2/ni 1/(2-2)/ts1 &2-2/ni 1/2-24/m W/2-2/ni

4 u/l-1/tsi 12-2/ni u/(2-2)/tsi /2-2/ni 1/2-24/mi 0/2-2/ni

5 a/l-1/b1 e/2-2/bi al(2-2)bi an-2/b 1/2-24/b1 W/2-2/b1 )

6 a/3-1/bi e/2-2/bi al(3-2)ybi ar-2/b 1/2-24/bi 0/2-2/bi

7 u/3-1/tsi 1/3-1/ni u/(3-1)/tsi #/3-31/ni 1/3-14/ni u/3-1/n1

8 a/1-1/tsi e/2-2/ni el(2-2ytsi &2-2/ni 1/2-24/ni /2-2/ni

9 o/3-1/tsi e/2-2/ni o/(3-2)/ts1 &'2-2ni 1/2-24/mi /2-2/ni

10 &/1-43/b1 7143/ &/(3-24)/t1 &14-42b1 714341 W/14-3/bi

11 a/3-1/tsi 1/3-1/ni 1(3-1)/ts1 &3-31/ni 1/3-14/ni /3-1/ni

12 x/1-1/ts1 e/2-2/ni a/(2-2)/tsi &2-2/ni 1/2-24/ni W/2-2/ni

13 a/l-43/tsi e/1-43/ni  a/(3-24)/ts1 a/14-42/ni /14-34mi  0/14-3/ni

14 &/1-43/tsi /143/ni &l(3-24)ts1 &é14-42/n1 7/14-34mi  0/14-3/ni

15 u/l-43/tsi V143/ni u/(3-24 tsi W/14-42/ni /14-34mi  #/14-3/ni

16 &/3-1/bu 3-1/& &/(3-1)bu &é3-31/¢u i/3-14/&u W/3-1/&u

17 x/3-1/tsi e/3-1/n1 a/(3-1)/tsi é3-31/n 1/3-14/ni u/3-1/n1

18 u/1-1/tsi 1/2-2/ni 0/(2-2)/tsi W/2-2/ni 1/2-24/ni W/2-2/ni

19 x/3-1/bi e/3-1/bi e/(3-1)bi &3-31/bi /3-14/bi W/3-1/b1

20 a/l-1/be e/2-2/be a/(2-2)be aR-2/be 1/2-24/be 0/2-2/be

21 u/l-43/be  1/143/be u/(3-24)be Wi442be  V14-34be  ©/14-3/be

22 a/l-1/ba e/2-2/ba a/(2-2)ba aR-2/ba 1/2-24/ba /2-2/ba

23 a/3-1/ba ¢/2-2ba a/(3-2)ba a2-2/ba 1/2-24/ba W'2-2ba

24 a/l-1/bu e/2-2/¢u a/(2-2)bu aR-2/&a 1/2-24/& W2-2/¢u

25 &1-43/bu  V143/éu  &/(3-24)/bu EN4-42¢u  V14-34/6u  W14-3/&

26 a/3-1/hba  e/2-2/hba  a/(3-2)hba a2-2/hba 1/2-24/hba  /2-2hba

27 a/3-1/hba  ¥/2-2/hba  1/(3-2)/hba &2-2/hba 1/2-24/hba  1/2-2/hba

28 &/1-1/ts1 12-2/ni &/(2-2ytsi &2-2/ni 1/2-24/ni /2-2/ni

29 x/3-1/tsi e/2-2/ni x/(3-2)/tsi &2-2/ni 1/2-24/ni /2-2/ni

30 &/3-1/ts1 12-2/ni /(3-2)/tsi &2-2/ni 1/2-24/ni /2-2/ni

32 x/143tsi V143/ni 1/(3-24)/ts1 &N14-42/n1 /14-34mi  #/14-3/ni
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34 a/3-1/ba e/3-1/¢a a/(3-1)ba aB-31/¢a i3-14/éa W3-1/¢a
35 x/3-1/ba  /2-2¢a e/(3-2Vba &R2léa 12-24/éa 02-2/¢a
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Conditional Entropy

“To quantify the predictability of one form given the other, we &g
can measure the size of the surprise associated with these
forms using conditional entropy H(Y|X), the uncertainty in
the value of Y given that we already know the value of X

Theory

Section 2: Formal
Semantics

References

The conditional entropy for a cell ¢; given a cell ¢ is then
defined as:

H(cy|co) = ZZPC1 r)P Co (r2) log, C1(r1‘02 = 1), (4)

where “realizations” (ry, r») stand in for particular inflections.
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Example: Genitive Singular and Accusative Plural

Assume we know the ACC.PL inflection is -i, then we know that the inflection class is 7, EESIINE

and hence we know that the GEN.SG has to be -us. Thus, we have e
H(GEN.SG|ACC.PL = -i) = Obits. (5) Secton2: Forma
References

Assume, on the other hand, we know that the ACC.PL is in -a. Inflection classes 5, 6,
and 8 are now possible. Hence, it is possible that GEN.SG is either -u or -os.
According to Ackerman & Malouf (2013), p. 441 we then have

H(GEN.SGIACC.PL = -a) = —(2 x log, 2 + + x log, 1) = 0.918 bits. (6)
3 3 3 3
SINGULAR PLURAL
CLASS NOM GEN ACC VOC NOM GEN ACC VOC
1 -08 -u -on -e -1 -on -us -1
2 -S -0 -0 -0 -es -on  -es -es
3 -0 -S -0 -0 -es -on -es -es
4 -0 -S -0 -0 -1s -on -is -1s
5 -0 -u -0 -0 -a -on -a -a
6 -0 -u -0 -0 -a -on -a -a
7 -08 -us -0S -0S -1 -on -1 -1
8 -0 -08 -0 -0 -a -on -a -a

TaBLE 1. Modern Greek nominal inflection classes (Ralli 1994, 2002).
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Conditional Paradigm Entropy (I-Complexity)

Section 1:

We can calculate all possible combinations of inflections and their Information
conditional entropies, and then average across them to get the Average .
Conditional Paradigm Entropy (H(P)). This is 0.644 bits for Modern ~ <coarice
Greek (see lower right corner in table below). References

Theory

H(collrow) NOM.SG GEN.SG ACC.SG VOC.SG NOM.PL GEN.PL ACC.PL VOC.PL E[row]

NOM.SG — 1.000  0.250 0.250 0.750 0.000  1.000  0.750 0.571
GEN.SG 0.594 — 0.594  0.594 0.594 0.000 0.594  0.594 0.509
ACC.SG 0.451 1.201 — 0.000 0.951 0.000 0951 0.951 0.644
VOC.SG 0.451 1.201  0.000 — 0.951 0.000 0951 0.951 0.644
NOM.PL 0.594 0.844 0.594  0.591 — 0.000  0.250  0.000 0.411
GEN.PL 1.750  2.156  1.549 1.549 1.906 — 2.156 1.906 1.853
ACC.PL 0.594 0.594 0344  0.344 0.000 0.000 — 0.000 0.268
VOC.PL 0.594 0.844 0594  0.594 0.000 0.000  0.250 — 0411
E[col] 0.719 1.120  0.561 0.561 0.736 0.000 0.879  0.736 0.664

TABLE 2. Conditional entropies for Modern Greek paradigms in Table 1.
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Conditional Paradigm Entropy
(PARADIGM ENTROPY)

Section 1:

Across 10 Languages Theory
Section 2: Formal
Semantics
References
LANGUAGE CELLS REALIZATIONS MAX DECL DECL PARADIGM AVG
REALIZATIONS CLASSES ENTROPY ENTROPY ENTROPY
Amele 3 30 14 24 4.585 1.105 2.882
Arapesh 2 41 26 26 4.700 0.630 4.071
Burmeso 12 6 2 2 1.000 0.000 1.000
Fur 12 50 10 19 4.248 0.517 2.395
Greek 8 12 5 8 3.000 0.644 1.621
Kwerba 12 9 4 4 2.000 0.428 0.864
Mazatec 6 356 94 109 6.768 0.709 4.920
Ngiti 16 7 5 10 3.322 0.484 1.937
Nuer 6 3 2 16 4.000 0.750 0.778
Russian 12 14 3 4 2.000 0.538 0.911

TABLE 3. Paradigm entropies.

Ackerman & Malouf (2013). Morphological organization: The low conditional entropy
conjecture.
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Summary

Section 1:

» Ackerman & Malouf (2013) propose two entropic Theory
measures for morphological complexity: the average
entropy of a paradigm as a measure of enumerative
complexity, and the average conditional entropy of
cells as an integrative complexity measure.

» They argue that the latter is systematically lower (low
conditional entropy conjecture), and can be low even for
high E-complexity languages.

» They relate this to learnability (though this link would
need to be established by learning studies).
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Information Flow in Natural Languages

Section 1:
Information

Theory

Section 2: Formal
Semantics

References

Abb. 1
Schema eines kapazititsiibetfordernden und unékonomischen Informationsflusses

Inf.

Kapazitats-

- e e e e

Abb. 2
Schema eines Skonomischen und der Kapazitit besser angepalBten Informationsflusses

Note: “Kurzzeitgedachtnis” translates as short-term memory.

Fenk & Fenk (1980). Konstanz im Kurzzeitgedachtnis — Konstanz im sprachlichen
Informationsflu3?
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General Hypothesis

“Soll der Informationsfluf3 anndhernd konstant bleiben, so [
mussen informationsarme Zeichen bzw. Worter weniger eton 2 Formal
Zeit — und daher auch weniger Silben [...] — in Anspruch Semanes

- . - T References
nehmen als informationsreiche [...]

Fenk & Fenk (1980). Konstanz im Kurzzeitgedachtnis — Konstanz im sprachlichen
Informationsflu3?

Theory

Translation: In order for the information flow to be
approximately constant, it is necessary that signs, i.e.
words, with low information content are shorter in time — and
hence use fewer syllables [...] — than the ones with high
information content [...]
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Average Information Content of Mono- and

Polysyllabic Words S
Informatidn
Theory
Berechnung des Informationsgehalts aus den relativen Hiufigkeiten ver- Section 2: Formal
schiedener Wortklassen im Deutschen Semantics
References
X1 P (1) —log p (x1) —p (x1) - log p (1)
1-silbig 0,5560 0,2549 0,14173
2-silbig 0,3080 0,5114 0,15752
3-silbig 0,0938 1,0277 0,0964
4-silbig 0,0335 1,4749 0,04941
5-silbig 0,0071 2,1487 0,01525
6-silbig 0,0014 2,8538 0,00399
7-silbig 0,0002 3,6989 0,00073
8-silbig 0,0001 4,0000 0,0004
0,46543*) dit

(= 1,546 bit)

Note: “1-silbig” is monosyllabic (e.g. Baum “tree”), “2-silbig” is bisyllabic (e.g. On-kel
“un-cle”), etc.

Fenk & Fenk (1980). Konstanz im Kurzzeitgedachtnis — Konstanz im sprachlichen
Informationsflu3?
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Number of Syllables vs. Information Content

Section 1:

Information
bit Theory

A .
Section 2: Formal
67. / Semantics
2F rig 8 .9
) y References
3 4o
20
10
1
Silbenzahl
1 L .
L = pro Wort
Abb. 3

Verteilung der Sprachen beziiglich mittlerer Wortinformation und mittlerer Wortlinge
(1 = Englisch, 2 = Deutsch, 3 = Esperanto, 4 = Arabisch, 5 = Griechisch, 6 = Japanisch,
7 = Russisch, 8 = Latein, 9 = Tiirkisch)

Note: “Silbenzahl pro Wort” represents average number of syllables per word, and the
y-axis (bit) represents the average information content (i.e. entropy).
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Uniform Information Density Hypothesis (UID)

Section 1:

“Short-term-storage and perception mechanisms, which are [EEEaS
involved in speech-production and speech-perception, seem .
to underlie some limitations, that can be defined in terms of ;:”
iInformation-theory and that should have some effects on

languages in the sense of linguistic universals. The

hypothesis of very similar information flow in different

languages could be confirmed [...] in 9 languages.”

Theory

Fenk & Fenk (1980). Konstanz im Kurzzeitgedachtnis — Konstanz im sprachlichen
Informationsfluf3?
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Syntactic Surprisal: Psycholinguistic Models

Section 1:
“This report considers a definition of cognitive load in terms of [...] the  EASiE
surprisal of word w; given its prefix wgp_;_1 on a phrase-structural Section 2: Formal

language model. [...] Stolcke’s probabilistic Earley parser correctly Semantics
predicts processing phenomena associated with garden path eerenees
structural ambiguity [...]"

S
A _previous prefix
NP VP Log! currentprefix . garden- pathing
/\ | 4
NP VP VBD 12}
PN N | 10 [
DT NN VBN PP fell .
l I | /\ 5.90627
the horse raced IN NP 6t
AN af
past DT NN of ; ;
[ | [T 01906800641303
the barn the horse raced past the bamn fell

Hale (2001). A probabilistic Earley parser as a psycholinguistic model.
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Syntactic Surprisal: Usage of Complementizers

Section 1:
Information
(a) Theory
_we
A Section 2: Formal
6 | Semantics
B |
5 | References
2 I
g s [
po I
£
> L
4
: |
—-con : absolutely
5 My — 2253 .| that; erer 1— - S 5psqliely T " _
- 3 '-My ------- l cizy .
E We~were crazy
'™
)
£
2
100.5 101.0 101.5 102.0 102.5 103.0 103.5 104.0

seconds

Jaeger (2010). Redundancy and reduction: Speakers manage syntactic information
density.

41 | Semantics & Pragmatics, SoSe 2020, Bentz © 2012 Universitat Tubingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Syntactic Surprisal: Gender Paradigms

Section 1:

“These results show that, as expected, in each of the information
German cases, gender markers significantly reduce Section 2: Formal
nominal entropy |[...]" S

Dye et al. (2017). A functional theory of gender paradigms.

Figure. Noun entropy conditioned on case

(1) Gestern besuchte ich den Arzt and number.
Condition:
B AL
.fem
.IIIHSC
.neut
e
1 - acc

possible candidates in this context. In short, by
systematically partitioning nouns into different classes, a
gender marker effectively prunes the space of subsequent
possibility, delimiting the set of upcoming nouns to
class-consistent possibilities.”

Conditional Entropy (in bits)

yesterday visited | the.ACC.MASC doctor
“Yesterday | visited the doctor.”
“The following noun must belong to the MASCULINE noun 5
class, and thus nouns of all other genders are eliminated as ‘
nom ‘L{l“] (|:ll
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- nsubj root, dobi

A-Calculus ) /\¢/d_? S

I isne acquire ixar ection 1:

|n MOdern NLP NNPy C\l/'BD NNP Iﬂit;rorrftlon

“We have introduced a (a) The dependency tree for Disney acquired Pixar.
emantics

method for converting (nsubj (dobj acquired Pixar) Disney) References

dependency structures to
logical forms using the
lambda calculus. A key
idea of this work is the use
of a single semantic type for
every constituent of the
dependency tree, which
provides us with a robust
way of compositionally
deriving logical forms.”

(b) The s-expression for the dependency tree.

Az.dyz. acquired(z,) A Disney(y,) A Pixar(z,)
Aargy(Te,Ya) N arga(ze, zq)

(c) The composed lambda-calculus expression.

Reddy et al. (2016). Transforming dependency structures to logical forms for semantic
parsing.
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Neo-Davidsonian Style of Analysis
“We use a version of the lambda calculus with three base types: e
individuals (Ind), events (Event), and truth values (Bool). Roughly Theory

speaking individuals are introduced by nouns, events are introduced by
verbs, and whole sentences are functions onto truth values. [...] Verbs References
such as acquired make use of event variables such as x,, whereas

nouns such as Disney make use of individual variables such as y,.”

Reddy et al. (2016)

English words Neo-Davidsonian Gamut
acquired Ax.acquired(Xe) AX(AY(A(Y)(X)))
Disney Ay.Disney(y,) AX(X(d))
Pixar Az.Pixar(zy) AX(X(p))
Sentences
Disney acquired Pixar.

Ax.dyz.acquired(xg) A Disney(ya) A Pixar(zz) A argi(Xe, Ya) A args(Xe, Za)
AX(AY(A(y)(x)))(d)(p)
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Performance

“Experiments on the
Free917 and Web-Questions
datasets show that our
representation is superior to
the original dependency
trees and that it outperforms
a CCG-based representation
on this task. Compared to
prior work, we obtain the
strongest result to date on
Free917 and competitive
results on WebQuestions.”
Reddy et al. (2016)

Note: CCG is an abbreviation for
Combinatory Categorial Grammar.

Free917  WebQuestions cection |-
Method Accuracy Average Fi Information
) Theory
Cai and Yates (2013) 59.0 - .
Berant et al. (2013) 62.0 35.7
Kwiatkowski et al. (2013) 68.0 —
Yao and Van Durme (2014) - 33.0 Heferences
Berant and Liang (2014) 68.5 39.9
Bao et al. (2014) - 37.5
Bordes et al. (2014) - 39.2
Yao (2015) - 443
Yih et al. (2015) (FB API) - 484
Bast and Haussmann (2015) 764 494
Berant and Liang (2015) - 497
Yih et al. (2015) (Y&C) - 52.5
This Work
DEPTREE 53.2 404
SIMPLEGRAPH 437 48.5
CCGGRAPH (+C +E) 73.3 48.6
DEPLAMBDA (+C +E) 78.0 50.3

Table 3: Question-answering results on the WebQuestions

and Free917 test sets.
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Follow-Up Study

“We introduced
UDEPLAMBDA, a semantic
interface for Universal
Dependencies, and showed
that the resulting semantic
representation can be used
for question-answering
against a knowledge base in
multiple languages.”

Reddy et al. (2017)

Method GraphQ. WebQ.

Section 1:
SEMPRE (Berant et al., 2013) 10.8 35.7 Information
JACANA (Yao and Van Durme, 2014) 5.1 33.0 Theory
PARASEMPRE (Berant and Liang, 2014) 12.8 39.9
QA (Yao, 2015) - 443 Semantics
AQQU (Bast and Haussmann, 2015) - 494 References
AGENDAIL (Berant and Liang, 2015) - 497
DEPLAMBDA (Reddy et al., 2016) - 503
STAGG (Yih etal., 2015) - 48.4(52.5)
BILSTM (Tiire and Jojic, 2016) - 249(52.2)
MCNN (Xu et al., 2016) - 47.0(53.3)
AGENDAIL-RANK (Yavuz et al., 2016) - 51.6(52.6)
UDEPLAMBDA 17.7 49.5

Table 4: Fi-scores on the English GraphQuestions
and WebQuestions test sets (results with additional
task-specific resources in parentheses).
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Thank You.

Contact:

Faculty of Philosophy
General Linguistics

Dr. Christian Bentz

SFS Wihlemstra3e 19-23, Room 1.24
chris@christianbentz.de

Office hours:

During term: Wednesdays 10-11am
Out of term: arrange via e-mail
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