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Recap

Two steps

A quick recap of the idea

We need to find ∧ and ∨ relations

• ∧ : split and cut trees into fragments

• ∨ : rearrange fragments into meaningful groups
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Recap ∧

∧
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Recap ∧

Spliing trees

Our approach

• start with a (possibly empty) set of tree fragments

• sort all trees by size (number of edges, small first)

• starting with the smallest tree, try to cut it into pieces found in the set
of tree fragments (sorted from largest to smallest)

• add the ‘le overs’ (possibly the whole tree) to the inventory of tree
fragments

• (add the tree itself to the inventory of tree fragments)
• repeat until you’ve cut all your trees
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Recap ∧

Cuing trees
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Recap ∧

A collection of fragments

The result of this process is a list of trees and their corresponding fragment
decomposition:

• t1 = [f1, f2, f3]

• t2 = [f1, f4, f5]

• t3 = [f6, f4, f5]

• t4 = [f1, f4, f7]

• …

The next step must be finding meaningful groups in this list.
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Puing the pieces together

Assuming we have trees grouped into families, there are some alternatives
for finding formulas in those families.
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Puing the pieces together

What (sadly) didn’t work (so far)

A relational recogniser for ∧ and ∨ relations:

(∧ A (∨ C B)) → (AC AB)

(AC AB) → (∧ A (∨ C B))

In theory the recogniser works, but in practice it hangs on large tree
families, and tends to find trivial groups.
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Puing the pieces together

What sort of works

Imagine the following trees:

AVForm CSubj CObj
AVForm RSubj CObj
AVForm CSubj WObj
AVForm RSubj WObj
PVForm CSubj
PVForm CSubj CBObj
PVForm CSubj WBObj
PVForm RSubj
PVForm RSubj CBObj
PVForm RSubj WBObj
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Puing the pieces together

∨

Imagine the following trees:

AVForm CSubj CObj
AVForm RSubj CObj
AVForm CSubj WObj
AVForm RSubj WObj

PVForm ∧ CSubj
CSubj CBObj
CSubj WBObj
RSubj
RSubj CBObj
RSubj WBObj
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Puing the pieces together

∨

Imagine the following trees:

AVForm ∧ CSubj CObj
CSubj WObj
RSubj CObj
RSubj WObj

∨
PVForm ∧ CSubj

CSubj CBObj
CSubj WBObj
RSubj
RSubj CBObj
RSubj WBObj
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Puing the pieces together

∨

Imagine the following trees:

AVForm ∧ CSubj ∧ CObj
WObj

RSubj ∧ CObj
WObj

∨
PVForm ∧ CSubj ∧ ø

CBObj
WBObj

RSubj ∧ ø
CBObj
WBObj
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Puing the pieces together

∨

Imagine the following trees:

AVForm ∧ CSubj ∧ CObj
∨
WObj

∨

RSubj ∧ CObj
∨
WObj

∨

PVForm ∧ CSubj ∧ ø
∨
CBObj
∨
WBObj

∨

RSubj ∧ ø
∨
CBObj
∨
WBObj
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Puing the pieces together

(AVForm ∧ ((WObj ∧ (RSubj ∨ CSubj)) ∨ (CObj ∧ (RSubj ∨ CSubj)))) ∨
(PVForm ∧ ((RSubj ∧ (ø ∨ CBObj ∨ WBObj)) ∨ (CSubj ∧ (ø ∨ CBObj ∨
WBObj))))
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Puing the pieces together

However, this approach (as well as others), only really works if we have
family information for the trees.
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Family induction

Family induction

The idea:

• trees in the same family are “similar”

• we can find groups of “similar” trees

• (hopefully), groups of “similar” trees correspond to families
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Family induction

Similar trees

From trees we know:

• the nodes

• the edges

• the features (some times)

• linear precedence of nodes

Similarity should thus be found somewhere in there.
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Family induction

Families Tree AP_0_std AP_1_foot AP_1_std AP_1_subst AP_2_std AP_2_subst

Tnx0VAN1 alphaAN1V 0 0 0 0 0 0
Tnx0VAN1Pnx2 alphaAN1VPnx2 0 0 0 0 0 0
Tnx0VAN1Pnx2 alphaAN1VPnx2bynx0 0 0 0 0 0 0
Tnx0VAN1 alphaAN1Vbynx0 0 0 0 0 0 0
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Family induction

Similar trees

A multinomial model seems to confirm the nodes provide enough
information about families:

Model: family ∼ AP_0_std + AP_1_foot + AP_1_std …

Accuracy : 0.9639
95% CI : (0.9518, 0.9737)

No Information Rate : 0.0427
Kappa : 0.963
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Family induction

Weight induction

But not all nodes are equally important.

The node NP_2_subst is more informative than V_foot.

The obvious way to do this is weight nodes by their frequency in the TAG.
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Family induction

Weight induction

We can compare the variable importance of the nodes as given by the
multinomial model to the logged frequency of the nodes in the TAG:
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Family induction

Weight induction
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Family induction

Too many alternatives

The main issue is that there are too many distance metrics and clustering
methods one could try.
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Family induction

We multiply our matrix by the logged weights, substitute all 0s for 10, and
calculate similarity between trees using cosine distance.

And calculate the clusters with Ward clustering.

Cut into 100 clusters.

And try to understand the results…
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Family induction

(Side note)

Using the weights: (Nodes containing: 1|2|V|anchor|A|PL)*10

We get an almost perfect clustering.

But there is no obvious way to induce these…
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Family induction

Group homogeneity

We can measure the group diversity as the number of trees in a group
divided by the number of families in that group.
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Family induction

The clusters
group n.families group.size homogenity

8 6 6 1.000
9 2 2 1.000
10 4 4 1.000
11 7 7 1.000
35 4 4 1.000
94 4 4 1.000
43 13 16 1.230
30 8 10 1.250
77 12 15 1.250
22 10 13 1.300
46 10 13 1.300
32 11 15 1.363
71 14 20 1.428
12 2 3 1.500
64 4 6 1.500
65 2 3 1.500
21 9 14 1.555
6 14 22 1.571
15 11 18 1.636
53 3 5 1.666
37 9 16 1.777
14 6 11 1.833
1 4 8 2.000
7 1 2 2.000
23 8 16 2.000
26 4 8 2.000
47 4 8 2.000
50 3 6 2.000
56 3 6 2.000
66 1 2 2.000

group n.families group.size homogenity
67 1 2 2.000
38 3 7 2.333
28 4 10 2.500
34 2 5 2.500
88 6 15 2.500
97 2 5 2.500
100 2 5 2.500
18 9 23 2.555
69 7 18 2.571
31 4 11 2.750
29 5 14 2.800
70 15 42 2.800
4 4 12 3.000
5 2 6 3.000
33 3 9 3.000
48 1 3 3.000
58 3 9 3.000
61 1 3 3.000
63 3 10 3.333
73 3 10 3.333
75 3 10 3.333
83 4 14 3.500
13 7 25 3.571
54 3 11 3.666
27 4 16 4.000
36 2 8 4.000
45 4 16 4.000
55 1 4 4.000
57 1 4 4.000
62 1 4 4.000
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Family induction

The clusters

group n.families group.size homogenity

72 4 16 4.000
78 4 16 4.000
81 10 40 4.000
85 4 16 4.000
86 1 4 4.000
89 1 4 4.000
95 1 4 4.000
96 1 4 4.000
42 6 27 4.500
74 10 47 4.700
2 4 20 5.000
3 4 20 5.000
17 3 15 5.000
20 4 20 5.000
39 2 10 5.000
52 1 5 5.000
59 1 5 5.000
60 1 5 5.000
19 3 16 5.333

group n.families group.size homogenity

44 4 22 5.500
76 4 22 5.500
49 1 6 6.000
51 1 6 6.000
84 1 6 6.000
87 4 24 6.000
92 2 12 6.000
40 2 13 6.500
93 2 13 6.500
24 4 28 7.000
80 4 28 7.000
91 1 7 7.000
25 1 8 8.000
79 4 32 8.000
99 1 8 8.000
41 2 18 9.000
68 1 9 9.000
90 1 9 9.000
16 1 11 11.000
98 1 11 11.000
82 1 18 18.000
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Family induction

Tree Family Cluster

alphaAN1V Tnx0VAN1 1
alphanx0VAN1 Tnx0VAN1 1
alphaDAN1V Tnx0VDAN1 1
alphanx0VDAN1 Tnx0VDAN1 1
alphaDN1V Tnx0VDN1 1
alphanx0VDN1 Tnx0VDN1 1
alphaN1V Tnx0VN1 1
alphanx0VN1 Tnx0VN1 1
alphaAN1VPnx2 Tnx0VAN1Pnx2 2
alphaInx0VAN1Pnx2 Tnx0VAN1Pnx2 2
alphaW0nx0VAN1Pnx2 Tnx0VAN1Pnx2 2
alphanx0VAN1Pnx2 Tnx0VAN1Pnx2 2
alphanx2VAN1P Tnx0VAN1Pnx2 2
alphaDAN1VPnx2 Tnx0VDAN1Pnx2 2
alphaInx0VDAN1Pnx2 Tnx0VDAN1Pnx2 2
alphaW0nx0VDAN1Pnx2 Tnx0VDAN1Pnx2 2
alphanx0VDAN1Pnx2 Tnx0VDAN1Pnx2 2
alphanx2VDAN1P Tnx0VDAN1Pnx2 2
alphaDN1VPnx2 Tnx0VDN1Pnx2 2
alphaInx0VDN1Pnx2 Tnx0VDN1Pnx2 2
alphaW0nx0VDN1Pnx2 Tnx0VDN1Pnx2 2
alphanx0VDN1Pnx2 Tnx0VDN1Pnx2 2
alphanx2VDN1P Tnx0VDN1Pnx2 2
alphaInx0VN1Pnx2 Tnx0VN1Pnx2 2
alphaN1VPnx2 Tnx0VN1Pnx2 2
alphaW0nx0VN1Pnx2 Tnx0VN1Pnx2 2
alphanx0VN1Pnx2 Tnx0VN1Pnx2 2
alphanx2VN1P Tnx0VN1Pnx2 2

Tree Family Cluster

alphaGnx0PNaPnx1 Tnx0PNaPnx1 20
alphaGnx0PNaPnx1-PRO Tnx0PNaPnx1 20
alphaInx0PNaPnx1 Tnx0PNaPnx1 20
alphaW0nx0PNaPnx1 Tnx0PNaPnx1 20
alphaW1nx0PNaPnx1 Tnx0PNaPnx1 20
alphanx0PNaPnx1 Tnx0PNaPnx1 20
alphanx0PNaPnx1-PRO Tnx0PNaPnx1 20
alphapW1nx0PNaPnx1 Tnx0PNaPnx1 20
alphaGnx0PPnx1 Tnx0PPnx1 20
alphaGnx0PPnx1-PRO Tnx0PPnx1 20
alphaInx0PPnx1 Tnx0PPnx1 20
alphaW0nx0PPnx1 Tnx0PPnx1 20
alphaW1nx0PPnx1 Tnx0PPnx1 20
alphanx0PPnx1 Tnx0PPnx1 20
alphanx0PPnx1-PRO Tnx0PPnx1 20
alphapW1nx0PPnx1 Tnx0PPnx1 20
alphaW0s0PNaPnx1 Ts0PNaPnx1 20
alphas0PNaPnx1 Ts0PNaPnx1 20
alphaW0s0PPnx1 Ts0PPnx1 20
alphas0PPnx1 Ts0PPnx1 20
alphaGnx0V-PRO Tnx0V 21
alphaGnx0Vax1-PRO Tnx0Vax1 21
alphaGnx0Vnx1-PRO Tnx0Vnx1 21
alphaGnx0Vnx1s2-PRO Tnx0Vnx1s2 21
alphaGnx0Vnx2nx1-PRO Tnx0Vnx2nx1 21
alphaGnx2Vnx1-PRO Tnx0Vnx2nx1 21
alphanx2Vnx1-PRO Tnx0Vnx2nx1 21
alphaGnx0Vpl-PRO Tnx0Vpl 21
alphaGnx0Vnx1pl-PRO Tnx0Vplnx1 21
alphaGnx0Vplnx1-PRO Tnx0Vplnx1 21
alphaGnx0Vnx2nx1pl-PRO Tnx0Vplnx2nx1 21
alphaGnx0Vnx2plnx1-PRO Tnx0Vplnx2nx1 21
alphaGnx0Vplnx2nx1-PRO Tnx0Vplnx2nx1 21
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Family induction

alphaGnx0PNaPnx1
alphaGnx0PNaPnx1-PRO
alphaInx0PNaPnx1
alphaW0nx0PNaPnx1
alphaW1nx0PNaPnx1
alphanx0PNaPnx1
alphanx0PNaPnx1-PRO
alphapW1nx0PNaPnx1
alphaGnx0PPnx1
alphaGnx0PPnx1-PRO
alphaInx0PPnx1
alphaW0nx0PPnx1
alphaW1nx0PPnx1
alphanx0PPnx1
alphanx0PPnx1-PRO
alphapW1nx0PPnx1
alphaW0s0PNaPnx1
alphas0PNaPnx1
alphaW0s0PPnx1
alphas0PPnx1

110 tree fragments
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Family induction

(alphaPP ∧ (
(S_r_std->VP_std|VP_std->V_std|V_std->epsilon_v_flex ∧ ((S_r_std->NP_0_subst ∧ ((S_q_std->NP_1_subst|S_q_std->S_r_std2»3 ∧
((VP_std->PP_1_std|PP_1_std->P_std ∧ ((PP_1_std->NP_std|NP_std->epsilon_flex ∧ (ø ∨ (P_std->N_anchor)))))))))))
∨
(PP_1_std->NP_1_subst ∧ (

(VP_std->PP_std|PP_std->epsilon_flex ∧ ((S_r_std->VP_std|VP_std->V_std|V_std->epsilon_v_flex ∧
((S_q_std->PP_1_std|S_q_std->S_r_std|PP_1_std->P_std2»3 ∧ ((S_r_std->NP_0_subst ∧ (ø ∨ (P_std->N_anchor)))))))))
∨
(VP_std->PP_1_std|PP_1_std->P_std ∧ (

(S_r_std->VP_std|VP_std->V_std|V_std->epsilon_v_flex ∧
((S_q_std->NP_0_subst|S_q_std->S_r_std|S_r_std->S_0_std|S_0_std->epsilon_flex2»3) ∨ (P_std->N_anchor ∧ (

(S_q_std->NP_0_subst|S_q_std->S_r_std|S_r_std->S_0_std|S_0_std->epsilon_flex2»3)
∨ (S_q_std->NP_0_subst|S_q_std->S_r_std|S_r_std->NP_std|NP_std->epsilon_flex2»3)
∨ (S_r_std->NP_0_std|NP_0_std->epsilon_flex)
∨ (S_r_std->NP_0_subst)
∨ (S_r_std->NP_0_std|NP_0_std->PRO_std)
∨ (S_r_std->S_0_subst)

))
∨ (S_q_std->NP_0_subst|S_q_std->S_r_std|S_r_std->NP_std|NP_std->epsilon_flex2»3)
∨ (S_r_std->NP_0_std|NP_0_std->epsilon_flex)
∨ (S_r_std->NP_0_subst)
∨ (S_r_std->NP_0_std|NP_0_std->PRO_std)
∨ (S_r_std->S_0_subst)))
∨
(P_std->N_anchor ∧
((NP_r_std->NP_0_std|NP_r_std->VP_std|NP_0_std->PRO_std|VP_std->V_std|V_std->epsilon_v_flex2»3) ∨
(NP_r_std->NP_0_subst|NP_r_std->VP_std|VP_std->V_std|V_std->epsilon_v_flex2»3)))
∨
(NP_r_std->NP_0_std|NP_r_std->VP_std|NP_0_std->PRO_std|VP_std->V_std|V_std->epsilon_v_flex2»3)
∨
(NP_r_std->NP_0_subst|NP_r_std->VP_std|VP_std->V_std|V_std->epsilon_v_flex2»3)))))))

33 listed fragments
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Family induction

alphaGnx1Vpnx2-PRO
alphanx1Vpnx2-PRO
alphaGnx1VPnx2-PRO
alphanx1VPnx2-PRO
alphaGnx1VP-PRO
alphanx1VP-PRO

25 tree fragments
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Family induction

((VP_std->VP_e_std|VP_e_std->V_e_std|VP_e_std->PP_std|V_e_std->epsilon_v_flex6»7
∧

((PP_std->P_anchor
∧ (

(alphaGEnx1V-PRO)
∨ (vp-spine
∧ ((S_r_std->NP_1_std|NP_1_std->PRO_std)))

))
∨
(PP_std->NP_2_subst
∧ (

(alphaGEnx1V-PRO
∧ ((alphaPXP)
∨ (PP_std->P_subst)))
∨
(vp-spine
∧ (

(S_r_std->NP_1_std|NP_1_std->PRO_std
∧ ((alphaPXP)
∨ (PP_std->P_subst)))

))
)))

))

13 listed fragments
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Family induction

That’s it…
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