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PART I:

The Problem of Linguistic
Difficulty Measurement



The Problem

A (quantitative) computational linguistic account of why a
sentence is harder to be comprehended (by human) than
some other one?

Examples: [Gibson, 91]

* The reporter disliked the editor.
* The reporter [who the senator attacked] disliked the editor

* The reporter [who the senator [who John met] attacked ] disliked
the editor].



PART II:

Review of Gibson’s
Psycholinguistic Theories



Gibson’s Psycholinguistic Theories

* Incomplete Dependency Theory [Gibson, 1991]
 Dependency Locality Theory [Gibson, 2000]




Incomplete Dependency Theory [aibson, 1991]

 IDT is based on the idea of counting missing incomplete
dependencies during the incremental processing of a
sentence when a new word attaches to the current
linguistic structure.

dependencies when the new word integrates to the

\ * The main parameter in IDT is the number of incomplete
existing structure.




Incomplete Dependency Theory [aibson, 1991]

Example: The reporter [who the senator [who John met] attacked ] disliked
the editor].

* Five incomplete dependencies at the point of processing “John”.

the NP the reporter is dependent on a verb that should follow it;
. the NP the senator is dependent on a different verb to follow;

3. the pronoun who (before the senator) is dependent on a verb to
follow

the NP John is dependent on another verb to follow

the pronoun who (before John) is dependent on a verb to follow.

St

S

* These are five unsaturated or incomplete or unresolved dependencies.




i

\

Dependency Locality Theory cibson, 2000}

e DLT is a distance-based referent-sensitive linguistic
complexity measurement put forward by Gibson to
supersede the predictive limitations of the incomplete
dependency theory.

* The linguistic complexity is interpreted as the locality-based
cost of the integration of a new word to the dependent
word in the current linguistic structure which is the number
of the intervened new discourse-referents.



Dependency Locality Theory cibson, 2000}

Example:

* The reporter [who the senator [who John met] attacked ]
disliked the editor].

* The reporter [who the senator [who | met] attacked ]
disliked the editor].
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PART IlI:

Linguistic Difficulty Metrics
using Categorial Proof Nets



Lambek Categorial Grammar [Lambek,1958]

Definition 2.1. The category formulas (L) are freely generated from a set of usual
syntactical primitive types P = {S,np,n, pp,---} by directional divisions, namely the
binary infix connectives \ (over), / (under) and e (product) as follows:

Lp==P|(Lp\Lp) | (Lp/Lp) [ (LpeLp)

Introduction rules Elimination rules
A"
Intuitionistic A —B> g In A AB_) B L, E
A"
Lambek A\LB \/n A ;\B \E
[:A]"
BL;A /In B/AB A JE
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Examples:

Relevant Lambek Proof:

(S/(np\S))/n n  (np\S)/np [np]"

e [e
(S/(np\S$)) (HPKS}f
S f (S/np\8)[n_n,
S/np"’ (S/np)\S —~*
S \
Corresponding Intuitionistic Proof:
EVErY child ate o
(e—st)—(e—t)—=t  (e—t) e—se—t [e]
_}-E _}E'
(e—t)—t e—t :
s, a pizza
t (e—t)—(e—t)—t  (e—t)
— —+i(1)
e—t (e—t)—t

—*e
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Sequent Calculus Rules for LC

I‘,B,I"I—C AI—A\h AT+ C

I,A, A\B,T - C reac v T#e
[B,T'-C ArA
, /h I"14'_(:/1' [+e
[,B/A,AT +C I'+C/A
IA BT +C
, . A-A TrB
[LAeB,I ~C A T'-AeB

I'-A A,A,A)+B
Al,r,Az ~ B

cut A- A axiom
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Examples

axiom ;
S-S np = np 4X10M

\

np,np\S+ S np - np 7}31ciom
np,(np\S)/np,np+ S

CrC Bl—B\h B+ B AI—A\h
B,B\C+C A A A,A\B+ B CrC

AABBCrC . W AABBCrC_ . M
A\B,B\Cr A\C " A\B,B\Cr A\C "
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Definitions:

Definition of \ and /: A\B = A*pB B/A=B%® A*
De Morgan equivalences (A*)* = A (A¥B)*=B*® A*

(A®B)* = B* 3 A*

A polar category formula is a Lambek categorial type labeled with
positive (°) or negative (*) polarity recursively definable as follows:

Lou=P|(L*FL°) | (L°FL*) | (L°® L)
L* =Pt (L°®L*) | (L°® L*) | (L* 3 L*)

Based on the previous inductive definitions, we can have an easy
decision procedure to check whether a formula F isin L° or L*:

® . o N|e )
o | undefined | o o | o
o . o o|lo|U ndeﬁ ned

16




Definition:

A polar category formula tree is a binary ordered tree in which the

leaves are labeled with polar atoms and each local tree is one of the following logical

links:

\/ \/

(A’88 )

At B
N/ N/
(A 133) a'ss

Y

1
(A®B)
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nppt S ST np

npl’SS s'® np
0%

(np85)® (s @np)

((np\S)/(np\S))

The polar categorial tree of ((np\S)/(np\S))*
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Categorial Proof Nets (moot, retoré, 2012]

Definition A proof frame is a finite sequence of polar category formula trees
with one positive polarity corresponding to the unique succedent of sequent.

Definition A proof structure is a proof frame with axiom linking which cor-
responds to the axiom rule in the sequence calculus. Axioms are a set of pairwise
disjoint edges connecting a leaf z to a leaf z*, in such a way that every leaf is incident
to some axiom link.

Definition A proof net is a proof structure satisfying the following conditions:
Acyclicity: every cycle contains the two edges of the same p branching.

Enumerate: there is a path not involving the two edges of the same g branch-
ing between any two vertices.

Intuitionism: every conclusion can be assigned some polarity.

Non commutativity: the axioms do not cross (are well bracketed).

19




Incremental Processing with CPN [morrill, 2000]

N°* i CN°®

N

s° N/CN*

the

20



Incremental Processing with CPN [morrill, 2000]

g° N/CN* C

the horse
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Incremental Processing with CPN [morrill, 2000]

|
I
N* i CN°® | N° s i
I
!

\ /

g° N/CN® CN* N\s*

the horse raced
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IDT-based Complexity Profiling mvorit, 2000

Definition 1: Let 7 be a a syntactic analysis of w, - - -, w,, with categories (', . . .,
C',, — that is a categorial proof net with conclusions (C )l, o (C1)E,S. Let €y, be
one of the C; (i € [1,n]). The incomplete dependency number of C;, in 7, written as
ID.(C;,), is the count of axioms ¢ — ¢’ in 7 such that ¢ € (C;,_,,, US) (m > 0) and

Cl € Cin-i-n.+1 (TL 2 0)

Definition 2: Let 7 be a a syntactic analysis of wy, - - -, w,, with categories (1, ...,
(*,, — that is a categorial proof net with conclusions ( ) (Cl)l S We define
the IDT-based linguistic complexity of 7, written f; 4 (7) b ( + S ;)L

Definition 3: Given two syntactic analyses m; and 7, not necessarily of the same
words and categories, we say that 7; is IDT-preferred to 7; whenever f;4(7;) >

fiae(mj).

26



Subject/Object-extracted Relative Clauses
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Subject/Object-extracted Relative Clauses

@
0
(a) The reporter who sent the photographer to the editor hoped for
(b) The reporter who the  photographer sent to the editor hoped for
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DLT-based Complexity Profiling

Definition 4: A word w is said to be a discourse referent whenever it is a proper
noun, common noun or verb.

Definition 5: Let 7 be a a syntactic analysis of w,, - - -, w,, with categories ('}, ...,
C,, — that is a categorial proof net with conclusions (C,,)*, ... (C;)*,S. Let ¢ — ¢
be an axiom in 7 such that c € C; and ¢’ € C; (i,j € [1,n]). We define the length of
axiom ¢ — ¢’ as the integer i + 1 — j.

Definition 6: Let 7 be a a syntactic analysis of w, - - - , w,, with categories (1, ...,
C,, — that is a categorial proof net with conclusions (C,,)", ..., (C7)*, S. Let C;, be

~ Al

one of the C;, and let consider axioms ¢ — ¢’ with ¢ in C;, and ¢ in some C;, . Let
us consider the largest & for which such an axiom exists — this is the longest axiom
starting from C;, with the previous definition. The dependency locality number of C;,

Y

in 7, written DL, (C;,) is the number of discourse referent words between w;, : C;,
and w;, . : C;,—i. The boundary words, i.e. w;, : C;, and w;, . : C;,_ should also
be counted. Alternatively, it may be viewed as &+ 1 minus the number of non-discourse

references among those & + 1 words.
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DLT-based Complexity Profiling

Definition 7: Let 7 be a a syntactic analysis of w, - - -, w,, with categories C1, ...,
C,, — that is a categorial proof net with conclusions (C,)"*, ..., (C})*, S. We define
the DLT-based linguistic complexity of 7, written fa, () by (1 + > | DL.(C;))™ .

Definition 8: Given two syntactic analyses m; and 7, not necessarily of the same
words and categories, we say that m; is DLT-preferred to 7; whenever fu(m;) >

fawe(m;).
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Subject/Object-extracted Relative Clauses [Gibson, 2000]
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Subject/Object-extracted Relative Clauses

9

8 4 3 L 3

7 - - -

6

. *b) *(a)

4

3 / * *

2 ol . o o

1 -—/ /

0
(a) The reporter who sent the photographer to the editor hoped for good story
(b) The reporter who the  photographer sent to the editor hoped for good story
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Subject/Object-extracted Relative Clauses
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Subject/Object-extracted Relative Clauses
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Subject/Object-extracted Relative Clauses
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Subject/Object-extracted Relative Clauses

9
8 i i & A
7 o . IS ®
6
*b) *(a)
5
4
3 / i -
2 S * ° *
1 & /
0
(a) The reporter who sent the photographer to the editor hoped for a good story
(b) The reporter who the photographer sent to the editor hoped for a good story
x The | reporter | who | sent the photographer | to | the editor | hoped | for | a good | story
5.3a 1D(x) 0 0 1 1 0 0 00 0 3 (U] 0 0
AccSum(x) | 0 0 1 2 2 2 2| 2 2 7 707 7 7
¥ The | reporter | who | the | photographer sent to | the editor | hoped | for | a good | story
5.3b 1D(y) 0 0 1 0 0 2 0o 0 5 0|0 0 0
AccSum(y) | 0 0 11 1 3 3.3 3 8 8 |8 8 8




Center Embedding Clauses uohnson, 1998
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Center Embedding Clauses

16
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(a) The  reporter who the senatc who lohn met attacked disliked the editor
(b) The reporter who the senatc who 1 met attacked disliked the editor
x The | reporter | who | the | senator | who | John | met | attacked | disliked | the | editor
54a DL(x) 0 0 1 0 0 1 0 2 - 6 0 0
AccSum(x) | 0 0 1 1 1 2 2 4 8 14 14 14
y The | reporter | who | the | senator | who | I | met | attacked | disliked @ the | editor
5.4b DL(y) 0 0 1 0 0 1 0 1 3 5 0 0
AccSum(y) | 0 0 1 1 1 2 3 6 11 11 11
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Garden Path (ever 19971
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Garden Path
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The horse

(b)  The horse

* (a)

*(b)
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Nested Subject/Object Relativization
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Adverbial Attachment
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Said that
Sald that
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Marthus  believes
Marthus  believes
Marthus  believes

that
that
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Ingrid
Ingrid
Ingrid

fell today (lowest)
fell today (middie)
fell today (highest)
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Wrong Parse Preference Mori, 2000
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Passive Paraphrases pwori, 2000
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Passive Paraphrases
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(a) Ingrid was astonished that Jack was surprised  that two plus two equals four.
{b) That that two plus two equals four  surprised  Jack astonished Ingrid.
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Big Picture:

Property Grammar [Bache, 2001
®
CPN [Reorda 1993)

Categarial Grammar [Lamhbek, 1958] GET [Chamsky, 1982) SPLT Introduced [Glbson|1958]
° L

IDT introduced [Gibsof, 1931, OLT intrgduced |Glhson, 2000]
[ J

Urear Logic & Proof Nets [Glrard, 1587]
Sernaric Readings of (PN [de Greote, 1556]
* |

Legend
Logic / Formal Grammar/ Formal Semantics Y
CPNAMC Dohnsgn, 1958]
Psycholinguistic O T-nased Complexity Prafiing [LACompling2018]
Psycholinguistic+F ormal Semantics ®
PG + 107 + DLT [Blache, 2011]
®

10T hased Compledty Prafiing [Marril, 20007

Fair Warning: This is just a limited part of the
historical line that one could work. There are
definitely many interesting research that
needs to be explored. We are aware of some
of them and they should be even more than
what we have noticed. 49




Limitations:

* DLT-based Complexity Profiling cannot correctly predict ranking the
quantifier scoping problem.

* Infact, both IDT-based and DLT-based Complexity Profiling have this
problem. [Catta, Mirzapour, 2017]

* DLT-based motivated approaches are not applicable cross-linguistically
for human parsing processes. [Vasishth, 2005]

* It does not support all linguistic preference phenomenon such as Heavy
Noun Phrase Shift while IDT-based Complexity Profiling does.
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On-going Work for Overcoming the Limitations:

* Quantifier Scoping Problem.  [Mirzapour, PhD, Chapter 3]
» Cross-linguistically Applicability [?, No Idea]

* Scale-up Problem [Mirzapour, PhD, Chapter 7]
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Conclusion:

DLT-based Complexity Profiling can successfully predict some linguistic
phenomena such as structures with embedded pronouns, garden
paths, unacceptability of center embedding, preference for lower
attachment, and passive paraphrases acceptability.

It is a kind of psycholinguistics motivated preference modeling along
with the formal/lexical constructions of meaning.
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