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Take Home Message

A mundane result. . .

To simplify proofs, we define a strongly equivalent normal form for MGs
where every phrase moves at most once.
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Take Home Message

A mundane result. . .

To simplify proofs, we define a strongly equivalent normal form for MGs
where every phrase moves at most once.

...0opens many new research avenues!

» Computational parallels between syntax and phonology

> More direct connection to Dependency Grammar
> New approach to MCFL learning
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Minimalist Grammars (MGs)

v

Minimalist grammars (MGs) are a
formalization of Chomskyan syntax
(Stabler 1997, 2011)

Succinct formalism for defining MCFGs

v

A\

Operations: Merge and Move

v

Grammar is just a finite list of
feature-annotated lexical items (LlIs)

Chemistry Syntax
atoms words
electrons features

molecules sentences
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Merge
Merge combines subtrees to encode head-argument dependencies.
category feature N™ ,V—, ...
selector feature N*, v+t ...

the men like which men
Nt D™ N™ Dt DT v~ Nt D™ N™
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Merge combines subtrees to encode head-argument dependencies.
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the men like which men
Nt D™ N™ Dt DT v~ Nt D™ N™

» the and men have matching features, triggering Merge

Conclusion
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» the and men have matching features, triggering Merge
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Merge

Conclusion

Merge combines subtrees to encode head-argument dependencies.

category feature N™ ,V—, ...
selector feature N*, v+t ...

/ N
the men like which men
D™ Dt DT v~ Nt D™ N™

> same steps for which men
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Merge

Merge combines subtrees to encode head-argument dependencies.
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> same steps for which men
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Merge

Merge combines subtrees to encode head-argument dependencies.

category feature N™ ,V—, ...
selector feature N*, v+t ...

< <
the men like which men
D™ Dt DT v~ D™

> like merged with which men

Conclusion
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Merge
Merge combines subtrees to encode head-argument dependencies.
category feature N™ ,V—, ...
selector feature N*, v+t ...

<
< T~ <
the men like which men
D™ D" vV~

> like merged with which men
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Merge
Merge combines subtrees to encode head-argument dependencies.
category feature N™ ,V—, ...
selector feature N*, v+t ...

<
< T~ <
the men like which men
D™ D" vV~

> Jike merged with the men
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Merge

Merge combines subtrees to encode head-argument dependencies.

category feature N™ ,V—, ...
selector feature N*, v+t ...

>

< T~ <
the men like which men

V-

> Jike merged with the men

Conclusion
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Merge in Derivation Trees

>
/ \ <
- < ~ \/ < -
the men like which men
\"a
Derived Tree
[ ] \
/ °
/ [ ] \ \/ ] \
the men like which men
Nt D~ N™ DT DT v~ Nt D~ N~

Derivation Tree

Conclusion
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Move

Move displaces subtrees to derive the correct linear order.
licensee feature wh™ , top™, ...

licensor feature wh™ |, top™ , ...

>
do
Ve wh' ¢ \<\
< <
the men like which men
\'a wh™
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Move

Move displaces subtrees to derive the correct linear order.
licensee feature wh™ , top™, ...

licensor feature wh™ |, top™ , ...

>
do
Ve wh' ¢ \<\
< <
the men like which men
\'a wh™

» Merge do
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Move

Move displaces subtrees to derive the correct linear order.
licensee feature wh™ , top™, ...

licensor feature wh™ |, top™ , ...

<
/ \>
do \
wht C™ <\
< <
PN N
the men like which men
wh™

» Merge do
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Move

Move displaces subtrees to derive the correct linear order.
licensee feature wh™ , top™, ...

licensor feature wh™ |, top™ , ...

<
/ \>
do \
wht C™ <\
< <
PN N
the men like which men
wh™

> Move triggered by features of opposite polarity

Conclusion
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Move

Move displaces subtrees to derive the correct linear order.
licensee feature wh™ , top™, ...

licensor feature wh™ |, top™ , ...

>
</
/ \
which men <
/ \
do = \ - \
AN / ‘
the men like

> Move triggered by features of opposite polarity
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Move in Derivation Trees

¢
D/
which men c
d \V\
0
c*D/ V\t
the/ \men like
o
|
.
d/ \ .
[0}
vVt wht ¢ .
° \ °
N _— ~_
the men like which men

N*™ D™ N~ D" D* V- N' D wh™ N~
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Move in Derivation Trees

C
D/
N
which men c
d/ \V\
0
F it — \
C D/ \t
PN
the men like
O w-o__
. AN
d/ T,
[0} S
Vvt wh™ C T ° &
° °
the men like which men

N*™ D™ N~ D" D* V- N' D wh™ N~
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Intermediate Movement
Intermediate Movement is possible, but does not affect string order.

[ ]
A\ N
do oL .
e e < D

[ \
DR / /
\ N \ which %en do \>

+ Case \/ \ t/ \<
h . / \:\ V/ \>
e men like . / \
+ D = + Dt v-
Nb N b b \v/vhich men < S
N* D~ case” wh™ N~ the men like t
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An Important Restriction on MGs

In order to ensure that MGs generate only MCFLs,
movement must be restricted.

Shortest Move Constraint (SMC)

If two lexical items in a tree both have a licensee feature as their
first currently unchecked feature, then these features must be distinct.
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movement must be restricted.

Shortest Move Constraint (SMC)
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/ > \ <
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An Important Restriction on MGs
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movement must be restricted.

Shortest Move Constraint (SMC)

If two lexical items in a tree both have a licensee feature as their
first currently unchecked feature, then these features must be distinct.

/ > \ <
< / T <
which men like which men
wh™ \'Aa wh™



MGs SMNF Proof Sketch Implications Conclusion

An Important Restriction on MGs

In order to ensure that MGs generate only MCFLs,
movement must be restricted.

Shortest Move Constraint (SMC)

If two lexical items in a tree both have a licensee feature as their
first currently unchecked feature, then these features must be distinct.

W%

which me like which
\% wh™
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An Important Restriction on MGs

In order to ensure that MGs generate only MCFLs,
movement must be restricted.

Shortest Move Constraint (SMC)

If two lexical items in a tree both have a licensee feature as their
first currently unchecked feature, then these features must be distinct.

“Don’t cross the streams!”

W%

which me like which
\% wh™
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MGs as Minimalist Derivation Tree Languages

» Phrase structure trees are redundant.

» Every MG can be equated with its well-formed derivations,
its Minimalist Derivation Tree Language (MDTL):
Merge Merge features must be checked.

Move Move features must be checked.

SMC SMC must not be violated.
Lex The set of LIs must be finite.
Max MDTL must contain every well-formed derivation

over the lexicon.

» Every MDTL is a regular tree language.
(Michaelis 2001; Kobele et al. 2007; Graf 2012)

Conclusion
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Definition

Definition (SMNF)

Proof Sketch

Implications

An MG G is in single movement normal form (SMNF) iff
every LI of G has at most one licensee feature.

L]
I,’ / \+ + —
K "T ciY g'C
III ,,/ °
e yE XY
"f/ \
b::B f g e
7N
x:ATBYX aun A

not SMNF

Conclusion
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A Failed Attempt

Feature Atomization

If an LI's string of licensee features is 6 :=f] -+~ f,
then replace 6 by [f; ---f, ] .

This causes SMC violations:

(o)

e

- v?

,o .70
’ ’ 4
/ s [‘

Conclusion
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A Failed Attempt

Feature Atomization

If an LI's string of licensee features is 6 :=f] -+~ f,
then replace 6 by [f; ---f, ] .

This causes SMC violations:

o
LT
.
’ N
// e ‘O
R °
7 /@ [e]
1
II/ / \ ‘
v e cuYrghftgtC o

. b::BT[fg]” e
o/y>' £ B* Y- go/y -\x+ B+ Y
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A Failed Attempt

Feature Atomization

If an LI's string of licensee features is 6 :=f] -+~ f,
then replace 6 by [f; ---f, ] .

This causes SMC violations:

9
.- o
’ N
’ ., o
// /, I“ (e}
/I /, /@ 6
[T |
L O\C::Y“Lngf‘*g c o
b Bl g s Q\/W [f5]" [fg]" C
// /, [ ] b B [f
o/y>' £ B* Y- o/y -><+ B+ Y
anzA f g xuATX a:x A [fg]” x: ATX
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Success With Subscripts
Feature Subscripting
> For every LI [, only keep its last licensee feature.
> Add subscripts to licensee features to avoid SMC violations.
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Success With Subscripts
Feature Subscripting
> For every LI [, only keep its last licensee feature.
> Add subscripts to licensee features to avoid SMC violations.

0
,’/,19
’ ’ o]
,//,/ ,“ ,?
v /@ s O
'/ /Y}+f+ + ’,, /
el Y g gm C” K 'e
l’l/ \»\ g / \+ + ot C—
b:: B f g7’ T ;e Y grgl C
r A 1
// /’ [ ) b B~ g_/, ]
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anz A f g xuAYX an AT g, xuATX
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Technical Details of Procedure

v

For each LI [, only keep its last licensee feature f~ .

v

Subscript f~ with an index j.
Index j must be minimal:

> Assume that [ belongs to Move node m.
> For every 0 <i<j, thereis aLll that ends in fl_ and belongs to
move node m’ such that m dominates m’ and m’ dominates .

v

v

Add index j to the corresponding licensee feature f* that checked
f~ in the original derivation.

v

Remove all licensor features without subscripts.

12
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- e !
»

A More Complex Example .

/7 4
o 1 \
o

e ZYfrht R C

) |
d:: D" h {7 . °
. \A+D+f*w— 4D ‘h/‘f‘\'\
W : /e
8 ,/\
at A f w:a ATDTftwo
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A More Complex Example

LN

Implications

e ZYfrht R C

Conclusion

13
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A More Complex Example

Implications Conclusion

Proof Sketch

7 7
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A More Complex Example >0
e o
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, /e
o{ yalul Al allen
/ N
,—“'","“*o/z:: Yt gtz f
PEAPE ~ O

13
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Procedure is Correct for Each Derivation

Lemma

The translation produces well-formed derivations in SMNF.

» Merge: unaffected by translation

» Move: still one-to-one matching between licensee features and
licensor features in every derivation
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Procedure is Correct for Each Derivation

Lemma

The translation produces well-formed derivations in SMNF.

» Merge: unaffected by translation

» Move: still one-to-one matching between licensee features and
licensor features in every derivation

Lemma

The translation preserves the phrase structure tree
for each derivation (modulo intermediate landing sites).

» Merge: unaffected by translation

» Move: Every LI still belongs to the same final move node
= every phrase still moves to the same position as before
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Procedure Yields an MG

Lemma

The range of the translation procedure is almost an MDTL.

> Set of Well-Formed Derivations: follows from previous results
> Finite Lexicon:
> SMC puts upper bound k on how many distinct subscripts are
needed for each grammar
» Consequently, each LI is refined into at most k variants.
> Lexical blow-up finitely bounded by k
> Regular Set of Derivation Trees:
> MGs have regular derivation tree languages
> Translation carried out by linear tree transducer,
which preserves regularity
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Why “Almost”?

The subscripted LIs may allow for completely new derivations:

N

u:BTC o .
‘ \\\ e + _\
° N u:: BT C C‘N—-\\
w B+ g+ B_\O‘\ \\\ .\ \\\\
o‘ o \“ w: BT gi BT e \‘\
x:: B ff B_\o \\‘ " X B+/B_\o \
PN N
y:AYBT v AT f g y::ATBT vi AT g
L := {uvwxy} L :=uvwx*y

16
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Why “Almost”?

The subscripted LIs may allow for completely new derivations:

o
7N\
us BYCT own .
RN AN
. N u:BTC c‘u-\\
w B+ g+ B_\O‘ R \\\ .\ \\\\
/. A \\‘ W ZB+ ga_ B~ /.\ \\\
i BB e N x: B B e
/ \ i L4 \ U
y:AYBT viA f g y:ATBT viiATg,
L := {uvwxy} L :=uvwx*y

Maximality Failure

The range of the translation fails MDTLs’ maximality requirement.

16
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Intersection to the Rescue

» For every MDTL L and regular tree language R, one can convert
LNRintoan MDTL. (Graf 2011; Kobele 2011)

> Let L be the MDTL of the MG consisting of all the LIs produced by
the SMNF translation.

> Let R be the range of the SMNF translation.
» Then L N R yields the desired, strongly equivalent MDTL.

Theorem (SMNF for MGs)

For every MG there is a strongly equivalent one in SMNF.

17
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Lexical Blow-Up

> SMNF translation induces linear lexical blow-up

» Effect varies a lot depending on movement configurations:

lower bound linear size reduction(!),

1:1 for non-redundant grammars

upper bound large linear blow-up

..
r(D...
6(1)...

Z ‘ur(l)+5 )

leLex

. maximum number of required indices

number of licensor features of LI L in original grammar
1 if [ has licensee features, 0 otherwise

18
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Lexical Blow-Up [cont.]

Linguist: Support for Multiple Movement

Grammars where phrases move in several steps are more succinct
and thus to be preferred.
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Lexical Blow-Up [cont.]

Linguist: Support for Multiple Movement

Grammars where phrases move in several steps are more succinct
and thus to be preferred.

Alternative: A New Empirical Puzzle

Are the movement configurations we find in natural language
exactly those that induce little lexical blow-up?

= new way of pruning MG overgeneration
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Parallels Between Syntax and Phonology

> Phonology is subregular:
tier-based strictly local
(Heinz 2015)

» MDTLs are also subregular.

» But only SMNF MDTLs are also
tier-based strictly local.
(Graf and Heinz 2016)

20
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Parallels Between Syntax and Phonology

> Phonology is subregular:
tier-based strictly local
(Heinz 2015)

» MDTLs are also subregular.

» But only SMNF MDTLs are also
tier-based strictly local.
(Graf and Heinz 2016)

Computational Parallelism Hypothesis

Syntax and phonology have comparable subregular complexity
over strings and derivation trees, respectively.

» sharing of theorems, proof techniques, and NLP tools

> new learning algorithms

20
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Connection to Dependency Grammar

» MGs are closely connected to Dependency Grammar.
(Boston et al. 2010)

> If one removes Move nodes from MG derivations, they are
basically dependency graphs.

» Dependency graphs indicate linear order directly instead of Move.

> In SMNF MG, every Move nodes has visible effect on linear order
= easier to deduce movement from linear order

21
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Connection to Dependency Grammar

» MGs are closely connected to Dependency Grammar.
(Boston et al. 2010)

> If one removes Move nodes from MG derivations, they are
basically dependency graphs.

» Dependency graphs indicate linear order directly instead of Move.

> In SMNF MG, every Move nodes has visible effect on linear order
= easier to deduce movement from linear order

Towards a New Learning Algorithm for MGs/MCFLs

Input text of dependency graphs with linear string order
Output SMNF MG

21
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Taking Stock

> MGs are all about two structure-building operations:
Merge and Move.

> Intermediate movement complicates formalism

» SMNF removes it from formalism without affecting
strong generative capacity
> New research opportunities:

>

| 4

exact interaction of movement and lexical blow-up
characterization of natural language movement

in terms of blow-up bounds

parallels between syntax and phonology
connection to Dependency Grammar

new learning algorithm for MGs

22
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