Emergent Semantic Proto-role Structure in Tensor Product Representations
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Introduction and Hypothesis

-> The goal is to investigate whether semantic proto-role representations emerge within = Dowty’s theory corresponds to Smolensky’s theory of Tensor Product => Focus on the role vector from dictionary with the highest attention value for
neural representations in Transformers and can be readily interpreted. Representations, which are explicitly-compositional vector embeddings of symbolic analysis. Showing results for the head that seems to be most predictive of protorole
L : . : . . . . vectors.
=> Based on Dowty’s linguistic representation theory of semantic proto-roles as being a structures. TPRs aim to represent discrete structures like trees as continuous neural , , , ,
‘o f ; tation f vic roles than d . vic rol t out still be able t - table struct => Probing accuracy with all head roles: 16.1%, Probing accuracy with concatenated
more accurate form of representation for semantic roles than discrete semantic roles. vectors, but still be able to uncover interpretable structures. : : : :
. P . ’ P roles: 22.00%, Probing accuracy with head 3 roles: 24.46%, Probing accuracy with
—> Semantic roles are the roles that an argument, usually noun, plays in an event. usually = These TPRs are sums of tensor product bindings between role vectors, which head 1 roles: 14.54%, Probing accuracy with head 2 roles: 17.73%.
verb. Events usually have multiple semantic roles. represent structural, syntactic information, and symbol vectors, which represent => Using Within-Cluster Sum of Squares method, 8 seems to be the optimal number of
=> Discrete semantic roles not able to fully explain semantic role information and run semantic information. clusters in the protorole space.
into the problem of role fragmentation. Role fragmentation is that experts can’t agree [ = 7 -> For regression, cluster O was used as a reference since it seems to be a default
on the correct number of different role categories. | @Iﬂ— &= cluster not predictive strongly of proto-role properties.
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Figure 1: Long tail Log frequency distribution of discrete semantic role clusters of proto-role space (Left). Visual aid to visualize what the space of proto-role S— thing They me report  problem suggestion eggs place

vectors looks like and how the clusters correspond to discrete semantic roles.
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=> Semantic proto-roles create continuous vector representations for semantic roles. nothing she  Bush  opinion food  concen missile food
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Discrete semantic roles emerge from particular clusters of these properties. The tails => Trained TPT language model (TPT-LM) on 600 MB of text data for 20 epochs. 0 e s e e e
of these clusters account for rarer semantic roles. -> Use TPT-LM to encode UDS dataset with annotated protoroles. Create dataset of role o e | | |
=» The Universal Decompositiona| Dataset contains 1960 sentences which are annotated vectors learned by model for each token associated with that token’s protorole vector gvjc:strf;(sBa:i%EcﬁEffrfLunitféfifpcrfLﬁ;fs'ilfgt.iriﬁ:ﬁ?ﬂfv'v?f;i;Eﬁr;trirfn?{?;.tzhaf.'grfcirarfimgg)g5£°nﬁ’fitgnfiiisv§:'§dh:fnPefz,ff
with a syntactic and semantic graph, and particular arguments are annotated with the annotation.

Multinomial Logistic Regression Coefficients

full vector of proto-role properties. => Cluster the space of proto-role vectors using k-means clustering. Examine clusters to L e e U
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iscrete_roles
: t A ivi : 1 False True False True True True True True False True True True True True False True False False False True True,
commohn semantic rOles, and CIUStered prOtO rOleS and |nd|V|dua| prOtO r0|e prOpert|eS. 2 ----=------=-=-=-----
3 True False True False True True True True True False True True True True False True True False True True True
5
. Xl 6 True True True False True True True True True True True True True True True True True True True True True
Proteroles  Velition .35 7 Tre True True True True True True True True True True True True True True True True True True True True
Protoroles Awareness 1.35 g:ctu§11:.:y gact"’all (1) g 33 Subspace SiEritite PRl
nericl arcicular .
i;g:gigi: ﬁﬁ:ﬁgi Z: izzziion :g:gg Genericitz Dyisndc 0.77 Gencity Particular 1:16 Figure 5: Multinomial logistic regression coefficients with clustered role as a function of role vector with max attention
Protoroles  Was used 0.44| |Genericity  Hypothetical  -1.54||Genericity  Kind -1.42 (Above). P-values below 0.05 for these coefficients (Below).
’ Time Seconds -0.91| |Genericity Abstract -1.42 . . .
' [vime 127 [meicy eype  Axtifact 3.0t 1) Hypothesis 1 seems to be correct and confirms previous results that the protorole
) |[Enti e erson .
/ Entif; t;"ge State -3.00 . ' . . .
—i- //j Space IS WeEad kly CI uste red . R3 R6 RS RIO RIS R19  R20 Nfgilple Lnll:;;Regrcilz(;n Coeffrlac;ms R322 R34 R35 R36 R38 R4 R42 R43 R4  R47
AUTHOR . . discrete_roles
o a) Cluster 1 might correspond to Agent, Cluster 3 might correspond to Instrument, ___mo SO oA Bt T v oot
A 7R, . . . . . . existed_before 0231806 -1.456294 -0.064654 0.076530 0.083469 -0.467635 [IEITIET] 0.086623 -0.242527 -0.387024 02770600 151906 -0.235183 33233‘22 -0.072518 -0.221083
74 Cluster 5 might correspond to a Patient that is not living, Cluster 2 might Wy s 610 183 10050586 -00318000268719 0236947 TETETIE 0077855 OREEFTEN ISR 0005005 g;ggj;g 30 052608 QXEPIOY OOB7ES0] SUTERTE
= Py ERR change_of_state contmuous_ 10.0: 0.002 _1- 0.096
A Y . . . . . change_of_state o 325831 | 31 [0.152458 [(RELEI 0.167730 [ -02078690192227 - ﬁf‘}l7&344;
- correspond to a living Patient, Cluster 6 seems to be an object that might change Vo 03898 @07 11 (TSN EBEIER o755 09921 015257 ENESS7|ERIPESTIT 0 25%< 0224895 BRI RTEG < Y SAEE FNESPP FETTERT
ROOT ./ -~ change_of location  0.199713 [i 0 368113 -0.048087 [\ 1117EIE 0.184654 0.135846 m IBELLr[] 0.215481 1
. e . . partitive -0.064282 | 4)073273~o 138863 -0.206163 0071386“-0136258 0063496-0285462-0118903 o 042995 o 129429 -0.695962 -0.251218 -0, 13 7-0.065457
5 /Province O = State Often IN |t5 r0|e IN eventS. CIUSter 7 enCOde |OcatlonS. existed_during 0329796 1-0.304895 -0.009456 -1.370856 -0.087553 NLPEEN) FIETTF] -0.207570 -0.505112 [IREFITE] -0.481323 -0.277556 LILPES 0183871 -0.085956 -0.303112 -0.288587 N L) 0166084
PR ./é';mander that Eemibings / declined,/ Percent ‘_ W™ el R in W existed_after -0.167359 -0 678652-0.5632210156181 -0.218529]-0.049718]-0.0891 50 E R FZILL: li4301-0439896 ;, -0.134702 -0.587497 -0.492818 INEIELT)
police . : in ig number of HP awareness 20.389962 IETYPIT - 824069 -1.125163 0205195 141393 0063586 -0.690465]-1.030109) 030109]-0.146658]-1.014829 _ CYPTE10.303590 _ PTPREL] -0.502079 0787762_ 9179294) 925856-0.14728 _ 40411
, - _Nl“e"ah Heg 80 Hooul okidnappings 2) TPT rOIeS dare mUCh more predlCtlve Of pr0t0r0|e CIUSte 'S than prOtO rOIe Values sentient -0.311912 0.671079 TNTTEET MEENIP) -0.792412 0016()18-0479596 0.897286{0. 33\ -0.455813 u,;i;:.x,:3:0094888 0247219
Figure 2: was_used 0.268919 -0.219670 (LT TN -0.112801 KIF0AE. -0.270895 -0.374454 INTELEE] 0.332685 02688440 130253 [i M-O 110974 0291812 7)-0.166521

themselves. This may be because linear regression is a more difficult prediction task

Multiple Linear Regression P-Values Less Than 0.05
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or it may be that role vectors encode higher level information, above the subsymbolic discrete_rols
Figure 1: An example Universal Decompositional Semantics graph. Some semantic type information and most syntactic . ] o han ':S;‘fga‘(‘)::ession
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Figure 6: Multiple linear regression coefficients with protorole property value as a function of role vector with max
attention (Above). P-values below 0.05 for these coefficients (Below).

possession, which seem to be attributes that both cluster 3 and 6 share.



