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Mild context-sensitivity (Joshi 1985)

B a concept motivated by the intention of characterizing a narrow
class of formal grammars which are “only slightly more powerful
than CFGs,” and which nevertheless allow for descriptions of

natural languages in a linguistically significant way.
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Mild context-sensitivity (Joshi 1985)

B a concept motivated by the intention of characterizing a narrow
class of formal grammars which are “only slightly more powerful
than CFGs,” and which nevertheless allow for descriptions of
natural languages in a linguistically significant way.

According to Joshi (1985, p. 225) a mildly context-sensitive
language, L, has to fulfil three criteria, to be understood as a
“rough characterization.” Somewhat paraphrased, these are:

(1) the parsing problem for L is solvable in polynomial time,
(2) L has the constant growth property, and

(3) there is a finite upper bound for L limiting the number of
different instantiations of factorized cross-serial
dependencies occurring in a sentence of L.
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Mild context-sensitivity

B A collection of mildly context-sensitive grammar (MCSG)
formalisms is presented in Joshi et al. 1991

¢ iree adjoining grammars (TAGs) (Joshi et al. 1975; Joshi 1985)

¢ (restricted) combinatory categorial grammars (CCGs) (as
formalized e.g. in Weir & Joshi 1988 in accordance with the
CCG-version developed in Steedman 1987, 1990)

¢ linear indexed grammars (LIGs) as they arise from Gazdar 1988
¢ head grammars (HGs) (Pollard 1984)

¢ multicomponent TAGs (MCTAGs) (Joshi 1987; Vijay-Shanker et
al. 1987) as a generalization of TAGs

¢ linear contexi-free rewriting systems (LCFRSs) (Vijay-Shanker et
al. 1987) as a generalization of HGs, or, likewise, as a restriction
of generalized CFGs (GCFGs) (Pollard 1984) o3



Mild context-sensitivity

B TAGs, CCGs, LIGs and HGs are weakly equivalent
(see e.g. Vijay—Shanker & Weir 1994)

B VICTAGs and LCFRSs are weakly equivalent (Weir 1988)
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Mild context-sensitivity

B TAGs, CCGs, LIGs and HGs are weakly equivalent
(see e.g. Vijay—Shanker & Weir 1994) @b

B VICTAGs and LCFRSs are weakly equivalent (Weir 1988) ©

2 The weak equivalence to LIGs, CCGs and HGs holds for TAGs with local constraints (on tree
adjoining) as formally introduced e.g. in Vijay—Shanker & Joshi 1985, following a suggestion in
Joshi et al. 1975, and capturing the intended use of local constraints (on adjoining) of the kind proposed
in Joshi 1985. The class of TAGs with local constraints properly extends the strong as well as the weak
generative capacity of the class of TAGs without such constraints.

b Note also that HGs as defined e.g. in Vijay—Shanker & Weir 1994 provide a modified version of
HGs as originally defined in Pollard 1984. In terms of weak equivalence, HGs of this modified type
subsume HGs of the original type, and vice versa. Corresponding proofs can be found in
Vijay—Shanker et al. 1986 and Seki et al. 1991, respectively.

C More precisely, MCTAGs in their set-local variant, i.e. MCTAGs which, during the course of a
derivation, allow the members of a derived sequence of auxiliary trees to be (simultaneously) adjoined at

distinct nodes to the members of a single elementary tree sequence (cf. Definition 2.7.1 in Weir 1988).
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Finite labeled trees

‘t = (Nt,<1{",<t,labelt)l
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Finite labeled trees

‘t = (Nt,<1{",<t,labelt)l

B (N, <, <) afinite ordered free:

N; the finite set nodes

< and <, the binary relations of dominance and precedence
on N, respectively

..e., </ is the reflexive-transitive closure of <, the binary relation
of immediate dominance on N;

B [abel; the labeling (function), a function from N; into a set of labels.
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Objects specified by a tree adjoining grammar

V a set of nonterminals

VT a set of terminals
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Objects specified by a tree adjoining grammar

Vy a set of nonterminals

A
VT a set of terminals /\

B C
P
D
/\

‘t:<Nt,<]{k,'<t,|abe|t>I B

N

label; : NonLeaves; — V)
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Objects specified by a tree adjoining grammar

Vy a set of nonterminals

VT a set of terminals

label; : NonLeaves; — V)

Leaves; — V|

TN

B

N
D

C
/\
A D

/\
E B
N

-p.6



Objects specified by a tree adjoining grammar

Vy a set of nonterminals

A
VT a set of terminals /\

B C
N /\
D] AX D
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Objects specified by a tree adjoining grammar

Vy a set of nonterminals

A
VT a set of terminals /\

B C
N /\
DL a2 ax D
- /\
‘t:<Nt,<]t,'<t,|abe|t>I El B
N
b

label; : NonLeaves; — V)

Leaves; — Vy{l.*} U V7
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Objects specified by a tree adjoining grammar

Vy a set of nonterminals

A
VT a set of terminals /\

B C
N /\
- /\
‘t:<Nt,<]t,'<t,|abe|t>I El B
N
b 5

label; : NonLeaves; — V)

Leaves; — Vy{l.,*} U VT U {&}
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Deriving (labeled) trees by a tree adjoining grammar

B Labeled trees can be derived from others by applying the
structure building operators, namely, substitution and adjoining.
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Deriving (labeled) trees by a tree adjoining grammar

B Labeled trees can be derived from others by applying the
structure building operators, namely, substitution and adjoining.

B Derivations start from initial trees.
A

/\ A € VN
w € Strings(Vn{l} U V1)

W

B W.rt. adjoining, auxiliary trees are of central importance.

A

/\ A€ VN
Wy ,Wo € Strings(Vn{l} U V1)

Wy A* W-
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Structure building operators

substitution : Trees(V) x Trees(V) 2art pTrees(V)

(¢ ,p) € Domain(substitution) :<=>

B ¢ has aleaf labeled A| for some A € V)

B <)’srootis labeled A

V = VN U VT
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Structure building operators

substitution : Trees(V) x Trees(V) 2art pTrees(V)

NN

Al

V = VN U Vq
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Structure building operators

substitution : Trees(V) x Trees(V) 2art pTrees(V)

A
¢/\ ‘”/\
Al
N>
¢/

V = VN U Vq
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substitution

S

N

P

VP

NP

P

V

NP |

Saw
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substitution
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Structure building operators

adjoining : Trees(V) x Trees(V) 2art 2Trees(V)

(¢, 1) € Domain(adjoining) :<—=>

B ¢ has a node labeled A for some A € V)

B ’s root is labeled A and v has a leaf labeled A*

V = VN U VT
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adjoining

tall
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adjoining
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adjoining

tall

NP

N
D| N
N
Adj N

tall man
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adjoining

S

/\
NP| VP

N
V. NPJ|
|

Saw

S

N

Adv
|

yesterday

Sk
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adjoining

S

/\
NP| VP

N
V. NPJ|
|

Saw

S

N

Adv
|

yesterday

Sk
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adjoining

S S
/\ T
NP | VP Adv Sk

T |
V. NP yesterday
|

saw
S

RN

Adv S

| N
yesterday NP| VP

N
V. NPJ|

SaW -p-18
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Tree adjoining grammars (TAGS)

G = (VN> V15 Tinis Tauxs S)

VN a set of nonterminals

V1 aset of terminals

T afinite set of initial trees

Taux @ finite set of auxiliary trees

S € VN adistinguished nonterminal (the start symbol)
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Elementary trees: initial vs. auxiliary

‘ t € Tipi I t is a finite labeled tree (N, <", <, label; ) such that

A

A € VN
/\ w € Strings(Vn{l} U V1)

W
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Elementary trees: initial vs. auxiliary

‘ t € Tipi I t is a finite labeled tree (N, <", <, label; ) such that
A
/\ A € VN
w € Strings(VN{l} U V1)
W

‘ t € Taux I t is a finite labeled tree (N;, <, <, , label; ) such that
A
/\ A € VN
Wy ,We € Strings(Vn{l} U V1)

w; A* w,
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Elementary trees: examples

(ﬁyest) S (a) D (Qtman) NP

N | P

Adv S* q Dl N

| |

yesterday man
(asaw) S (aMary) NP
T |
NP | VP N
N |
V NP | Mary

Saw
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Tree adjoining languages

Closure(G), the closure of a TAG G = (VN VT, Tinis Tauxs O ) 5

IS the closure of T, U Tayy Under finitely many applications
of substitution and adjoining .
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t € Closure(G) is complete :<—=-

t's root-label is S and yield(t) € Strings(VT).
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Tree adjoining languages

Closure(G), the closure of a TAG G = (VN VT, Tinis Tauxs O ) 5

IS the closure of T, U Tayy Under finitely many applications

of substitution and adjoining .

t € Closure(G) is complete :<—=-

t's root-label is S and yield(t) € Strings(V7) .

‘ The tree and string language generated by G I

T(G) = {t|teC
L(G) = {yield(t)

osure(G) and complete }

te T(G) }
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Linguistic applications

B \Wh-movement

B \erbclusters
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Linguistic applications: elementary trees for ‘likes’

(aq) S (o) S
s /\
NPl VP NP(wh) | ; S
P /\
\I/ NP1 NP, VP
likes V NPi
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Linguistic applications: sample elementary trees

(81) S
/\
NP| VP
PN
V Sk
|
think
(a3)  NP(wh) (7
|
who

(B2)

NP

Harry

V S¥

does

Bill
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Linguistic applications: sample derivation

(co) S
NP(wh)]; S

P

NP | VP
N
V. NP,
| |
likes ¢

(a3)  NP(wh) (@q) NP

who Harry
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Linguistic applications: sample derivation

(ao) S
NP(wh) | ; S
P
NP | VP
N
V NP,
| |
likes ¢
(a3)  NP(wh) (g) NP
| |
who Harry

(v1)

S

TN

NP(wh);
|

who

S

N

NP VP

| N

V
|

likes

Harry

NP,
|

€
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Linguistic applications: sample derivation

(81) S (B2) S (as)
/\ N
NPl VP v s*
PR |

NP

|
Bill
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Linguistic applications: sample derivation

(831) S (B2) S (as) NP
/\ P |
NPL VP v s¥ Bill

P |
V S* does
|
think
(7o) S
/\
V S
| /\
does NP VP
| N
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Linguistic applications: sample derivation

(71) S (72) S
NP(wh); S \ S
who NP VP does NP VP
N
| N B|iII v S*
Harry Vv NP' |
| | think

likes e
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Linguistic applications: sample derivation

(73)

S
NP(wh), S
| /\
who V S
| /\
does np VP
| /\
Bill -
| /\
NP VP

think
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Linguistic applications: “verb clusters”

(a7) S

S VA
N |
NP VP zwemmen

Jan €3
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Linguistic applications: “verb clusters”

(a7) S (Ba) S
S V3 S V2
NP VP zwemmen NP VP leren
Jan &3 piet  S* €2
(Bs) S (B6) S
/\ /\
/\ | Karel S* V1
NP VP helpen |
| TN laat
Marie S¥ € o



‘dat Karel Marie Piet Jan laat helpen leren zwemmen’
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

(a7) S (B4) S
/\ /\
i | PN |
NP VP zwemmen NP VP leren
| | | T
Jan - e3 piet S* e
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

(a7) S (B4) S
/\ /\
i | PN |
NP VP zwemmen NP VP leren
| | | T
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

S
S Vg

|
/\ zwemmen
S Vs
/\ |
NP VP

leren

(7v4)

| N
Piet S 82
N
NP VP

Jan €g
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

S
S Vg

|
/\ zwemmen
S Vs
/\ |
NP VP

leren

(7v4)

| N
Piet S 82
N
NP VP

Jan €g
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

(74) S (85) S
S Vq S Vi
/\ | N |
zwemmen NP VP helpen
S Vo | N
/\ | Marie S* &1
NP VP leren
| N
Piet S 82
T
NP VP

Jan 63
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

(74) S (85) S
S Vq S Vi
/\ | N |
zwemmen NP VP helpen
S Vo | N
/\ | Marie S &1
NP VP leren
| N
Piet S 82
T
NP VP

Jan 63
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‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

(75) /\
/\ Awemmer

/\ Ieren

V4

I
/\ helpen
NP VP
| /\
S 61

Marie

| N
Piet €9

N

S
N
P VP
| |

Jan €g

—p.36



‘dat Karel Marie Piet Jan laat helpen leren zwemmen’

(75) /\
/\ Awemmer

/\ Ieren

V4

I
/\ helpen
NP VP
| /\
S 61

Marie

| N
Piet €9

N

S
N
P VP
| |

Jan €g
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S

(7v5) /\ (B6) N

NP VP

//////’\\\\\\\ | (:/\\\
zwemmen Karel S V1
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V4

I
/\ helpen
NP VP
| /////’\\\\\\
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| N
Piet €9

N

S
N
P VP
| |
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‘dat Karel Piet Jan laat leren zwemmen’
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T
S Vq
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NP VP zwemmen
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‘dat Karel Piet Jan laat leren zwemmen’

(a7) S (B4) S
/\ /\
S V3 S Vs
iy | N |
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‘dat Karel Piet Jan laat leren zwemmen’

(a7) S (B4) S
/\ /\
S V3 S Vs
iy | N |
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‘dat Karel Piet Jan laat helpen leren zwemmen’

(74) S (B6) S
/\ /\
NP VP
S V3 | N

/\ | Karel S* Vj
zwemmen |
S Vo laat
/\ |
NP VP

leren

| N
Piet S 82
N
NP VP

Jan 63
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‘dat Karel Piet Jan laat helpen leren zwemmen’

(74) S (B6) S
/\ /\
NP VP
S V3 | N

/\ | Karel S* Vi
zwemmen |
S Vo laat
/\ |
NP VP

leren

| N
Piet S 82
N
NP VP

Jan 63
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‘dat Karel Piet Jan laat leren zwemmen’
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‘dat Karel Piet Jan laat leren zwemmen’

(v6)

/\

/\ oren

Karel

S V1
/\ |
NP vp  laat
| N
Piet S €9

P
NP VP

[
Q
S5
0}
w
—

Kroch & Santorini 1991)



Some formal properties

B TAGs (even TIGs) strongly lexicalize CFGs
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Some formal properties

B TAGs (even TIGs) strongly lexicalize CFGs

B | exicalized tree adjoining grammars (LTAGS):
each elementary tree has at least one lexical anchor

-p45



Some formal properties

B CFLGTALGCSC

- p46



Some formal properties

B CFLGTALGCSC

But

- p46



Some formal properties

B CFLGTALGCSC

But so far, 7.A L is not an AFL, because in particular, it
IS not closed under intersection with regular languages.

- p46



Some formal properties

B CFLGTALGCSC

But so far, 7.A L is not an AFL, because in particular, it
IS not closed under intersection with regular languages.

B Consider the TAG Ggy1 Whose elementary trees are the following :

(Otext) S (Bex1) S
| N
5 a S C
Pl

b S*
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Some formal properties

B CFLGTALGCSC

But so far, 7.A L is not an AFL, because in particular, it
IS not closed under intersection with regular languages.

B Consider the TAG Ggy1 Whose elementary trees are the following :

(Ctext) S (Bex1) S
| T
g a S C
A~
b S*

L(Gex1) N {akblc™|k,I,m > 0} = {a"b"c"|n > 0}

- p46



Unrestricted adjoining

S

/\
NP| VP

N
V. NPJ|
|

Saw

S

N

Adv
|

yesterday

Sk
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Unrestricted adjoining

S

/\
NP| VP

N
V. NPJ|
|

saw
S

RN

Adv

S

| PR

yesterday NP|

VP

S

N

Adv
|

yesterday

P

V
|

Saw

NP |

Sk
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Unrestricted adjoining

S
S Vg

|
/\ zwemmen
S Vs
/\ |
NP VP

leren

(74)

| N
Piet S 62
N
NP VP

Jan 63

Karel S V1

laat
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Unrestricted adjoining

S
S Vg

|
/\ zwemmen
S Vs
/\ |
NP VP

leren

(74)

| N
Piet S 62
N
NP VP

Jan 63

Karel S V1

laat

-p49



‘dat Karel Piet Jan laat leren zwemmen’

(v6)

/\

/\ |eren

NP VP
| /\
Karel
S V1
/\ |
NP vp  laat
| PN
Piet S €9
N
NP VP

Jan €q



Adding adjoining constraints

Vy a set of nonterminals

A
V1 a set of terminals /\

B C
N /\
- /\
t:(Nt,<lt,<t,IabeIt)I El B
N
b 5

label; : NonLeaves; — V)

Leaves; — VN{l,*} UVt U {8}
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Adding adjoining constraints
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A
V1 a set of terminals /\

B C
N /\
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t:(Nt,<lt,<t,IabeIt)I E»L B
N
b 5

label; : NonLeaves; — V)

Leaves; — Vn{l.*} U V7 U {e}
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Adding adjoining constraints

Vy a set of nonterminals

A
V1 a set of terminals /\

Taux @ set of auxiliary trees B C
N /\
Dl a A% D
* /\
t=<Nt,<1t,<t,labeIt)I £l .
PN

b €
label; : NonLeaves; — V)

Leaves; — Vn{l.*} U V7 U {e}
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Adding adjoining constraints

Vy a set of nonterminals

A
V1 a set of terminals /\

Taux @ set of auxiliary trees B C
N /\
Dl a A% D
* /\
t=<Nt,<1t,<t,labeIt)I £l .
PN

b €
label; : NonLeaves; — V) % 2 Tau {+,-}

Leaves; — Vn{l.*} U V7 U {e}
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Adding adjoining constraints

Vy a set of nonterminals

< A »S1 45 O1 >
V1 a set of terminals /\
Taux @ set of auxiliary trees (B,s>,0,) (C,s3,03)

/\/\

DL a A% (D,s;,04)

* TN
‘t:(Nt,qt,<t,labelt)I El] (B,s5,05)
T

b €

label; : NonLeaves; — V) % 2 Tau {+,-}

Leaves; — Vn{l.*} U V7 U {e}
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Structure building operators V = Vy UVt

adjoining : Trees(V) x Trees(V) 2art 2Trees(V)

(¢, 1) € Domain(adjoining) :<—=>

B ’s root is labeled (A, s, , 0, ) for some s, C Tayx
and o,, € {+,—}, and ¢ has a leaf labeled A*

B ¢ has a node labeled (A, s, , 0, ) for some A € Vy;, 8¢ C Taux
and o, € {+,—} such that ¢ € s,
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Structure building operators

adjoining : Trees(V) x Trees(V) 2art 2Trees(V)

<A9 SR O¢>
(2

V = VN U Vq
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Structure building operators

adjoining : Trees(V) x Trees(V) 2art 2Trees(V)

¢ (A, Sy, 0y)
<Avsqb9 > ’¢

)\

V = VN U Vq
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Structure building operators V = Vy UVt

adjoining : Trees(V) x Trees(V) 2art 2Trees(V)

¢ (A, Sy, 0y)
<A,S¢, > N
)N )




Tree adjoining languages

Closure(G), the closure of a TAG G = (VN VT, Tinis Tauxs O ) 5

IS the closure of T, U T x Under substitution and adjoining .
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IS the closure of T, U T x Under substitution and adjoining .

t € Closure(G) is complete :<—-

each non-leaf-label is of the form (A, s,—) for some A € Vy and
s C Taux, A = Sin case of the root, and yield(t) € Strings(VT).
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Tree adjoining languages

Closure(G), the closure of a TAG G = (VN VT, Tinis Tauxs O ) 5

IS the closure of T, U T x Under substitution and adjoining .

t € Closure(G) is complete :<—-

each non-leaf-label is of the form (A, s,—) for some A € Vy and
s C Taux, A = Sin case of the root, and yield(t) € Strings(VT).

‘ The tree and string language generated by G I

T(G) = {t|teC
L(G) = {yield(t)

osure(G) and complete }

te T(G)}

-p.57



Some formal properties

B CFLGTALGCSC
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Now 7 A L is a substitution-closed full AFL.
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Some formal properties

B CFLGCTAL G CSC

Now 7 A L is a substitution-closed full AFL.

B Consider the TAG Ggyo Whose elementary trees are the following :

aex2 (S {,Bexg},—> (Bex2) <S,(Z),_>

| /I\
a <Sa {/Bex2}7_> C

N

b S*
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Some formal properties

B CFLGCTAL G CSC

Now 7 A L is a substitution-closed full AFL.

B Consider the TAG Ggyo Whose elementary trees are the following :

aex2 (S {,Bexg},—> (Bex2) <S,(Z),_>

| /I\
a <Sa {/Bex2}7_> C

N

b S*

L(Gexz) = {a"b"c"[n >0}

-p-58



Extensions of TAGs: multicomponent TAGs

G = (VN, V71, Tini» Tuplesayy ; S)
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G = (VN, V71, Tini» Tuplesayy ; S)

B V\ asetof nonterminals

B Vg asetofterminals

B T,, afinite set of initial trees
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Extensions of TAGs: multicomponent TAGs

G = (VN, V1, Tini» Tuplesayxs S)

VN a set of nonterminals

V1 aset of terminals

T afinite set of initial trees

Tuplespyy a finite set of finite tuples of auxiliary trees
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Extensions of TAGs: multicomponent TAGs

G = (VN, V1, Tini» Tuplesayxs S)

VN a set of nonterminals

V1 aset of terminals

T afinite set of initial trees

Tuplespyy a finite set of finite tuples of auxiliary trees

S € VN adistinguished nonterminal (the start symbol)
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Extensions of TAGs: multicomponent TAGs

B Reasons for tree-local MCTAGSs: “syntactic sugar”

B Reasons for set-local MCTAGs (?): “real” verb clusters
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Elementary tree set: relative clause extraposed from subject

B3 = (P31, P32)

(8B31) NP (B32) S
N
NP* S s*/\s
| /l\

who knew Mary
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Relative clause extraposed from subject NP

(ap) S

N

NP VP

e~ |
a man \%

arrived
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Relative clause extraposed from subject NP

(ap) S (831) NP (B39) S
NP VP Sk S;
a man v | who knew Mary

arrived
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Relative clause extraposed from subject NP

(ap) S (831) NP (B39) S
NP* S .
NP VP S S,
e-
a man v | who knew Mary

arrived
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Relative clause extraposed from subject NP

(ap)

S

N

NP

_
d man

VP

|
V

arrived

(8B31) NP (B32) S
P /\
NP* S S 3
| o~

who knew Mary

S
NP VP who knew Mary
P |
NP S V
| |

a man € arrived 063




Elementary tree set: relative clause extraposed from object

Ba = (B41, Ba2)
(B41) NP (B42) VP
N
NP* S /\
VP* S,
| /\

who knew Mary
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Tree-local multicomponent TAGs (MCTAGS)

G = (VN, V1, Tini» Tuplesayxs S)

VN a set of nonterminals

V1 aset of terminals

T afinite set of initial trees

Tuplespyy a finite set of finite tuples of auxiliary trees

S € VN adistinguished nonterminal (the start symbol)
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Structure building operators V = Vy UVt

adjoining : (Tmi U TuplesAux) x Treetuples(V) Rart o Treetuples(V)
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Structure building operators V = Vy UVt
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Structure building operators V = Vy UVt

adjoining : (Tmi U TuplesAux) x Treetuples(V) Rart o Treetuples(V)

Pk
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Some formal properties

TAGs and tree-local MCTAGs are strongly equivalent!

This does not hold for TAGs and set-local MCTAGs !
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Set-local multicomponent TAGs (MCTAGS)

G = (VN, V1, Tini» Tuplesayxs S)

VN a set of nonterminals

V1 aset of terminals

T afinite set of initial trees

Tuplespyy a finite set of finite tuples of auxiliary trees

S € VN adistinguished nonterminal (the start symbol)
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Structure building operators V = Vy UVt

adjoining : (Tmi U TuplesAux) x Treetuples(V) Rart o Treetuples(V)
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Structure building operators V = Vy UVt

adjoining : (Tmi U TuplesAux) x Treetuples(V) Rart o Treetuples(V)

<A~|,S1,01> <Am,Sm,Om>
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Structure building operators V = Vy UVt

adjoining : (Tmi U TuplesAux) x Treetuples(V) Rart o Treetuples(V)
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Structure building operators V = Vy UVt

adjoining : (Tmi U TuplesAux) x Treetuples(V) Rart o Treetuples(V)

<A~|,S1,01> <Am,Sm,Om>
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Basic structure: ‘dat Karel Piet Jan laat leren zwemmen’

/\

Karel /\

/\ Iaat
| /\

pi

let S N

2
/\ |
NP VP3 leren
I I
Jan V3

zwemmen

-p.70



Basic structure: ‘dat Karel Piet Jan laat leren zwemmen’

/\

Karel /\

/\ Iaat
| /\

pi

let S N

2
/\ |
NP VP3 leren
I I
Jan V3

zwemmen
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Succesive cyclic head movement: ‘dat Karel Piet Jan laat leren zwemmen

/\

P

Karel /\

/\ Iaat
| /\
Piet

V

2
/\ /\
| |
Jan €3 oren zwemmen

-p.72



“Real” verb cluster analysis: ‘dat Karel Piet Jan laat leren zwemmen’

/\
Karel /\

S V
NP VP2 V V2
Piet S €0 laat Vs Vs
NP VP3 leren zwemmen
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“Real” verb cluster analysis: essentially reduces to ...

S

T

NP/\ V/\
P PN
NP ; V 5
N N
NP V

| |
NP V
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“Real” verb cluster analysis: essentially reduces to ...

S
A B
/\ /\
a A b B
N b/\
a 5
N N

a A b B
| |
a b
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“Real” verb cluster analysis: essentially reduces to ...

S
A B
/\ /\
a A b B
/\ /\
a ; b 5
N N
a A b B
| |
a b

...a non-recognizable tree set.
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“Real” verb cluster analysis: essentially reduces to ...

S
A B
/\ /\
a A b B
/\ /\
a ; b 5
N N
a A b B
| |
a b

...anon-recognizable tree set.  (See also Bresnan et al. 1982)
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