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Pre-neurdlis téma, személyes motivacié

egy disszertacié zarékove

@ a 4lang szemantikus halé (2013, 2014)
o fogalmak fontossaga a definialas rekurziv folyamataban
o igei bovitményszerepek = mélyesetek
e szévektorok (2013-2018)
e magyar analdgias kérdések, forditas,
lexikai relaciék (antonimia, oksag, hipernimia)
@ a kett6t Osszekotni

e igei argumentumszerkezet vizsgalata linearis algebrai eszkozokkel
e tavlati: az igei tobbértelmiiség és a tenzoros embeddingvektorok
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igék, bovitmények, szelekciod, szintaxis és szemantika

@ Levin (1993)
@ verb clustering:
e mond allit elmond javasol nan ir szeret koz6l valaszol
e encourage, invite, know, welcome, see, advise, send
@ collocation extraction (Bouma, 2009)
e idiosyncrasy in the linguistic distribution
@ reduced syntactic modifiability
e reduced semantic compositionality
@ a sense of the combination is habitual or even fixed
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Attekintés

@ Association scores
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Association scores

@ Linguistic frequencies form sparse arrays
@ frequencies span many orders of magnitude, Zipf = power law
e Manin (2008) and Gittens, Achlioptas, and Mahoney (2017)
o for scale, sparse tensors populated with sophisticated scores
@ log(f + 1) (Pennington, Socher, and Manning, 2014; Sharan and
Valiant, 2017)
@ three-mode PMI (Cruys, 2009; Cruys, 2011; Cruys, Poibeau, and
Korhonen, 2013; Bailey, Meyer, and Aeron, 2018)
o Positivity <= sparse
e attribute higher scores to actual co-occurrences than unattested
o replaces negative PMI entries with zero
o two different three-variable generalization of PPMI
e the more standard total correlation (that we still denote pmi) and
interaction information
@ We generalize Log Dice (Rychly, 2008) to three axes

o 3f(x,y, z)
X+ F(y) + f(2)

+cC
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(Positive) Pointwise Mutual Information

p(xy)

%8 H()p(y)

@ sparse = positive

@ one of the standard association measures,
in lexicography by Church and Hanks (1990)
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Higher-order PMI Cruys ( )

@ point-wise measure: E(PMI) = Ml
@ two multivariate generalizations of mutual information (Shannon and
Weaver, 1949) = two multivariate point-wise variants
@ Interaction information (McGill, 1954) and
e based on the notion of conditional mutual information
@ inclusion and exclusion principle (szitaformula),

except it has the numerator and the denominator swapped to ensure a
proper set-theoretic measure

log P Y)P(x: 2)p(y 2)
o}
p(x,y,2)p(x)p(y)p(2)
e Total correlation (Watanabe, 1960)
e quantifies the amount of information that is shared among the variables

log __PX:Y:2)
p(x)p(y)p(z)
e we just call it PMI

o Following the literature (Villada Moirén 2005, Cruys (2009), Cruys,
Poibeau, and Korhonen (2013), and Bailey, Meyer, and Aeron (2018))
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Salience and normalization

p(xy)

%8 L 60p(y)

@ biased towards rare events

o Turney and Pantel (2010), Levy et al. (2015), and Zhuang et al. (2018)
@ salience (Sketch Engine, Kilgarriff et al. (2004))
e *x=logf
e normalized variants (Bouma, 2009)
e several ways of normalizing PMI, as
the maximum value coincides with several other measures

o —logp(x,y)
o H(X,Y)

o we devide by — log(p(x, y, z))
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Histograms of the association score distributions |

Histogram of log-prob Histogram of pmi

Histogram of pmi-sali Histogram of npmi

@ Note the upper bound.
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Histograms of the association score distributions Il
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@ Note the upper bound.
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towards rare events |

i plotted inst | i-sali plotted t |
o pmi plotted against log(p) . pmi-sali plotted against log(p)
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Biase towards rare events

iact plotted against log(p) iact-sali plotted against log(p)
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Attekintés

© Low-rank decompositions and tensors
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Low-rank decompositions and tensors

Turney and Pantel (2010): “four ways of looking at SVD" (i.e. LSA)

o latent meaning
@ noise reduction
e indirect aka. high-order co-occurrence

@ when two words appear in similar contexts
e sparsity reduction
@ two axes:

e words and documents (LSA, Landauer and Dumais (1997))

e words and dependency contexts (Levy and Goldberg, 20142)

e target and context words (standard words embeddings, Levy and
Goldberg (2014b) and Pennington, Socher, and Manning (2014))

tensor: ndim array, mode (data fusion), axis

product, decomposition

generalizations of low-rank matrix decomposition
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Canonical Polyadic Decomposition (CPD)

Carroll and Chang ( )

@ no single generalization of the SVD concept
@ CPD aka. CanDecomp, Parallel Factor model, rank decomp, Kruskal
o for latent parameter estimation

A7 C1 A7 Cr

| |

X = bry oL+ bx
a ar

Figure: CDP expresses a tensor as a linear combination of rank-1 tensors.
Figure from Rabanser, Shchur, and Giinnemann (2017)

@ alternating least squares, ALS

(Carroll and Chang, 1970; Harshman, 1970)
@ convergence: no guarantee, and cannot be detected in a trivial way
@ Orth-ALS Sharan and Valiant (2017) improves on ALS

Makrai Marton 2020. jinius 3. — MILab szem 15 /39



Tucker decomposition aka. Higher Order SVD

Tucker ( )

o factorizes a tensor into Y -4
e a core tensor G

e multiplied by a matrix along X ~ a9

each mode

@ can be computed efficiently
@ In the case of
subject x verb x object

e rows of the three matrices contain embedding vectors of subjects,
verbs, and objects (so far, the CDP and Tucker are thee same)
o entries of G determine the levels of interactions between s, v, o
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Tucker decomposition and the “non-properties”

@ not unique, because we can transform G without affecting the fit if
we apply the inverse of that transformation to the factor matrices

@ Uniqueness can be improved (Kolda and Bader, 2009) by imposing
e.g. sparsity, making the elements small, or making the core
“all-orthogonal”, non-negativity (Zhou et al., 2015) and independence
(Lahat, Adali, and Jutten, 2015)
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Attekintés

© Experiments
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Corpus and implementational details

@ occurrence counts of (subject, verb, object) triples

@ in Universal Dependencies (Nivre et al., 2016) terms, nsubj, ROOT,
and dobj, with the upos of the ROOT starting with VB)

@ from the automatically dependency-parsed corpus DepCC
(Panchenko et al., 2018),

irrespectively of whether there were other arguments or adjuncts
Empty fillers (subject or object) represented with a fixed symbol
tensorly (Kossaifi et al., 2016)
https://github.com/makrai/verb-tensor
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https://github.com/makrai/verb-tensor

Outline

© Experiments
@ Hiperparaméter-hangolas feliigyelten: SVO szerkezetek hasonlésaga
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Similarity of transitive structures |

for hyperparameter tuning (association score, rank, cutoff)
the similarity task of SVO triples by Kartsaklis and Sadrzadeh (2014)
SOTA = 0.760 by PAS-CLBLM (Hashimoto et al., 2014), using BNC

tanh(ws © s(j) + wy, © v(i) + wo © o(k))

we concatenate the embedding vectors

(akar-negativ) Tucker-felbontasnal a legjobb kominacié:
normalizélt PPMI, rang = 64, cutoff = 100 k — Spearman =
0.71918

o a konkatenalt vektor dimenzidja a biivos parszazas tartomanyban

Parafac (cutoff=50 k): 0.527507
nem-negativ Tucker (pmi_sali, cutoff=300 k): 0.336537
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Similarity of transitive structures ||
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Similarity of transitive struc
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Outline

© Experiments

@ Latens dimenzidk nézegetése

Makrai Marton . junius 3. — MILab szem 24 /39



A nem-negativ Tucker-felbontas interakcioi

@ 19, [-rsb-, -Isb-, disease, result, -Isb-_NNS, -RSB-, %]
22, [-Isb-_VBD, -Isb-_VBP, -Isb-_VBZ, -Isb-_VB, -Isb-_VBN, quote]
18, [-rsb-, -rsb-_NNS, -RSB-, -Isb-, 6, 1, 4]
@ 0, [, you, we, that, he, they, who]
0, [control, utilize, modify, use, manipulate, construct, create]
0, [system, structure, network, object, component, function, element]

e 0, [, you, we, that, he, they, who]
4, [educate, assist, convince, persuade, kill, inform, ask]
3, [people, he, |, she, other, you, we]
e 0, [, you, we, that, he, they, who]
3, [grab, pull, put, throw, touch, knock, shove]
2, [head, ball, ass, hand, cock, face, foot]
e 8, [FIG., figure, which, -rrb-, we, table, chart]
15, [illustrate, show, take, depict, make, use, receive]
0, [system, structure, network, object, component, function, element]
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A nem-negativ Tucker-felbontas latens dimenziéi

igék

0, [control, utilize, modify, use, manipulate, construct, create]

1, [have, include, provide, offer, give, contain, require]

2, [move, regard, monitor, evaluate, control, optimize, measure]
3, [grab, pull, put, throw, touch, knock, shove]

4, [educate, assist, convince, persuade, kill, inform, ask]

5, [include, have, affect, contain, take, represent, make]

6, [increase, decrease, reduce, measure, lower, boost, calculate]

7, [provide, give, receive, offer, increase, have, require]

8, [build, expand, promote, improve, develop, enhance, maintain]
9, [provide, offer, facilitate, initiate, prevent, involve, complete]
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A nem-negativ Tucker-felbontas latens dimenziéi

targyak

0, [system, structure, network, object, component, function, element]

1, [, what, that, way, 2, [head, ball, ass, hand, cock, face, foot]

3, [people, he, |, she, other, you, we]

4, [amount, system, income, component, rate, chance, revenue]

5, [frequency, concentration, density, probability, resistance, intensity ]

6, [infrastructure, production, supply, business, operation, efficiency, sale]
7, [value, datum, information, number, amount, project, development]

8, [experience, ability, understanding, capability, opportunity, strength ]
9, [transmission, exposure, production, spread, transfer, flow, position]
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A nem-negativ Tucker-felbontas latens dimenziéi

alanyok

6, [you, , that, we, |, they, company]

7, [, system, -rrb-, we, device, report, study]

8, [FIG., figure, which, -rrb-, we, table, chart]

9, [stock, action, condition, development, sale, Jack, government]
10, [play, value, day, round, war, number, conversation]

11, [he, who, she, you, that, we, they]

12, [l, you, , he, who, they, study]

13, [area, property, system, site, factor, device, room]

14, [it, Council, Committee, board, Board, House, Commission|
15, [we, , that, system, study, site, book]
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A Parafac latens dimenzidi

Q 0, that, which, this, it, what, they
cause, trigger, create, prevent, produce, induce, mean
industry, life, ability, productivity, health, landscape, conduct

@ activity, work, report, page, volume, book, these
install, give, build, show, remove, pull, need
study, work, evaluation, assessment, development, review

© area, milk, water, region, parameter, liquid, flavor
change, practice, learn, advance, embrace, spend, prevent
life, water, power, moment, energy, beauty, culture

@ car, kitchen, store, door, town, i, park
have, take, give, offer, produce, use, get
(), effect, signal, value, behavior, what, characteristic
© i, everyone, pace, browser, car, mom, anyone
have, facilitate, promote, enhance, ensure, improve, enable
development, growth, activity, production, movement, recovery
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Outline

© Experiments

® Az igevektorok klaszterezése
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@ UMAP(n_components=32, metric=’cosine’)
@ HDBSCAN(min_cluster_size=10, min_samples=5)

o tapasztalat: KPI Kornyezeti Adaptacié, Antarktiszi attelelé csoportok
napléiban mondatklaszterezés
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verbs

cluster

-1 be, go, take, come, give, look, work, provide, help, show, inclu...
45 meet, understand, drive, carry, perform, complete, finish, ident...
5 kill, catch, shoot, feed, email, marry, wake, date, judge, bless...
20 care, listen, gon, complain, pray, dream, wan, subscribe, swear,...
27 break, push, lay, stick, roll, touch, press, suck, kick, shake, ...

1 commit, expose, separate, heal, distinguish, kid, free, devote, ...
4 run, leave, open, enter, visit, fill, close, reserve, clean, cro...

6 tell, ask, call, thank, please, join, contact, draw, become, ass..
42 add, eat, prepare, drink, spread, cook, burn, taste, smell, pour..
29 check, view, click, display, generate, update, access, search, s...
3 do, make, think, know, see, want, find, feel, love, like, hear, ...

7 remind, strike, worry, blow, inspire, bother, surprise, confuse,...
11 improve, cover, protect, represent, maintain, achieve, ensure, a...
19 live, laugh, sing, cry, smile, relax, lean, dance, breathe, star...

12 have, get, need, receive, win, lose, seek, assume, earn, gain, o...
18 start, happen, begin, continue, lead, end, occur, prove, result,..
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Outline

© Experiments

@ Szimmetria az alanyi és targyi vektorok kozott
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Szimmetria az alanyi és targyi vektorok kozott

Parafac-felbontas (a szdmszerii feladatban legjobb paraméterekkel)
a haromféle vektor ugyanabban a térben van

cos-hasonlésag a kutya alanyi és targyi vektora kozott

kiillonbozd: 0, he, she, they, that, I, you, we, it, which

hasonlé: $, device, apparatus, assembly, portion, plurality, role

él6 /élettelen

e.g. portion say
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Outline

© Experiments

@ Future and past work: Hungarian
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Preverbs

e prevlex (Kalivoda, 2019)
@ preverbs (igekotdk) interfere with argument structure and ambiguity

preverb verb args

0 biz trust sth NOM -bAn ‘in’

(rd) ‘onto’ biz entrust sg to sy NOM ACC -rA ‘onto’

meg PERFECT  biz trust sy NOM -bAn ‘in’

meg PERFECT  biz entrust sy with sg | NOM ACC INS
el ‘away’ biz(za) get conceited NOM  self-ACC

Table: Argument structure variants of the Hungarian verb biz(ik) based on

Szécsényi (2019).

@ verb constructions from the Mazsola DB (Sass, 2015)

@ subject (x preverb) x verb x object tensor

e UMAP to 10 dim (Mclnnes et al., 2018),

o clustering with HDBScan (Mclnnes, Healy, and Astels, 2017)
e following the recommendations at readthedocs
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https://umap-learn.readthedocs.io/en/latest/clustering.html#umap-enhanced-clustering

The smallest clusters, preverbs separated

@ vigyaz mosolyog csodalkozik bdlint legyint bdlogat

@ kialt bamul szl les ordit konyorog

@ halad mozog fejlodik er6séd versenyez kiiszkodik

@ jelent elérik kovetel tervez kivan tapasztal termel

o fekszik csap zarul telepedik fékez ereszkedik jatszodik

@ csatlakozik tiltakozik érdeklddik viselkedik reménykedik csalédik kételkedik

@ létez létezik bizonyul érvényesil val kiilonbozik megerdsdd

@ érkezik talalkozik utazik utaz tavozik tavoz tartézkodik jatsz

@ sziiletik szerepel utal oriil lakik emlékszik emlékezik haragszik gratulal

@ no csokken valtozik emelkedik novekedik novekszik boviil mérséklodik dragul

@ rendelkezik vonatkozik gondoskodik iranyul alapul mindsil intézkedik
modosul

@ keriil 1ép szamol kévetkezik mutatkozik kapcsolddik fejezédik avatkozik

@ kinull elnull meglesz benull mar visszanull felnull lenull idenull kilesz odanull
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The smallest clusters, preverbs not separated

kinal szallit el6allit behoz bevet

szan szab kitoélt meghosszabbit igazit

megfelel szdmol kitér eltér torekedik kiindul

megjelenik keletkezik hat hangzik terjed szaporodik

sziiletik létez létezik elkészil megsziiletik médosul

oszt sit old faj kivalik gyijt

elfog eltavolit alaz elbocsat kivégez kihallgat

benyujt kidolgoz terjeszt bead elvet elGterjeszt beterjeszt

menekdl hozzdjut megismerkedik bukkan bekapcsolédik elvalik megvalik
megvasarol értékesit eljuttat beszerez megtekint tovabbit lefoglal tarol
tesz elfogad tamogat hasznal megtesz elutasit visszautasit nehezit
folytat kezd befejez lezdr megnyit elhalaszt lebonyolit lefolytat

magyaraz ismertet kdzzétesz megismétel dsszefoglal kommental 6sszegez tar

mesél cserél megbocsat lizen szokik felhoz mer megiszik érokol kavar
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