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Rank Factorization of the Hankel Matrix Computing the Gram Matrices

» Weighted Tree Automata: model subsuming PCFG and L-PCFG. » The rank of a function f: Ty — R is the number of states of the » Leverage the fixed point equations:
» Aim: model reduction to speed-up inference (e.g. parsing). smallest WTA computing f.
Method: similar to PCA f e h? d cont t-E‘r y IOr mmg)r Gr = D wowq + T(1)(Gr® Gr)Tpy)
g ; © t? - Sl'm' 6}[:] 0 o or Welcllg Th contex efhgj‘f g\}D » The Hankel matrix Hf € R6£X1x s the bi-infinite matrix defined by ooy
» lterative algorithm that resembles the power method for .
J P H/(c,t) = f(c[t]) forany c € Cy, t € Ty. Ge = aa' +T(5)(Ge @ G)T o) + T(5)(Ge © Gr)T 3

Tensor Networks Theorem (Bozapalidis and Louscou-Bozapalidou [1983]). — lterative algorithm converging exponentially fast:

Forany f : Ty — R we have rank(f) = rank(Hy). Theorem.
There exists 0 < p < 1 such that after k iterations , the approximations
v W hl o {2 ~ A WTA A with n states induces a rank n factorization Hy = P4S 4: Gc and Gr satisfy |Ge — Gellg < O(p) and ||Gr — GrllF < O(p%).
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F1kzFs » One-to-one correspondence between rank factorizations of Hy and » PCFG with n = 211 nonterminals learnt from the annotated corpus

Weighted Tree Automata WTAs computing f: of German newspaper texts NEGRA [Skut et al., 1997].
» Comparison with Cohen et al. [2013] (decomposition of the tensors

» A weighted tree automaton (WTA) is a tuple (o, T, {w Theorem.
’ ( L ) , Ple ¢ Woloex) Letf: Ty — R be of finite rank. If Hy = PS is a rank factorization, then of the PCFG). .3 o
acR™: vector of initial weights there exists a WTA A computing f such thatP, = P andS , = S. » Number of parameters: n° for a WTA with n states, and 3Rn when
T e RN tensor of transition weights the tensor 7T is approximated with a tensor of CP-rank R .
Wg € ]Rn : vector of final WelghtS associated with o € X Low-Rank ApprOXimation of WTA — Perplexity — - (, distance
> . . ' n. A 121 i 1031 Ar=p mnu
SOtOM up computation. wa maps trees in Ty to vectors in K Problem: Given a WTA A with n states, find a WTA with /1 < n states N om0 fo] S
that is close to A. ol | Lo |
8| ] 10”7
Idea: (following Balle et al. [2015] in the string case) 10°

~ Find a WTA A such that the rank-n factorization Hy = P ;S ;
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coincides with the SVD of Hf — UDVT; Figure: Perplexity and /> distance w.r.t. number of parameters.
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» The WTA A compute the function f4 : t — aTw 4(t) € R. » The ith state of AAcorresponds to the ith singular value of. H;. N
. Contexts are trees with a hole: » Remove the n — n states corresponding to the smallest singular .l 80}
c[t] = values. N
B We call a WTA satisfying (1) a singular value tree automaton (SVTA). %9 s
C = //}2\\\ t = ///;K\\ d 20 70 o0 gVTA 1
. B=—E SVTA*
fod a b a b Computing the SVTA ST B T T T T T
» a4 Maps contexts in Cy to vectors in R™: Given aWTA A= (o, T, {ws}yex), how to find an SVTA computing Figure: Parsing accuracy w.r.t. number of parameters.
the same function?
A .
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fa(clt]) = aa(c) "wa(t) - W. Skut, B. Krenn, T. Brants, and H. Uszkoreit. An annotation scheme for free word
order languages. In Conference on Applied Natural Lanqguage Processing, 1997 .
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