Modeling Natural Language via Quantum Many-body Wave

Quantum Many-body Wave Function inspired Language Modeling (QMWF-LM)

* regards different words as diverse particles in a many-body system, and a
word containing multiple meanings equals to a particle lying in a
superposition.

* Thus directly use the wave function to represent the words in order to

\express the complex interactions between words with different meanings.

Function and Tensor Network

Introduction

Tensor Space Language Model (TSLM)

* arecursive calculation of conditional probability for language

TSLM is a generalization of the n-gram language model.

modeling is derived via tensor decomposition in TSLM.

. QMWEF-LM

* Product State representation for a sequence of words
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* Global representation:
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* Projection:
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Projection Tensor Decomposition Convolutional Neural Network

Sequence Representation
Table 1: Projection using CNN architecture
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- TSLM
* Sentence representation:
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* Corpus representation:
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* Sentence probablllty.
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* The conditional probability p(wllwl 1) can be computed as:
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 Computing the conditional probability recursively:
p(Wt‘Wf_l) = softmax(y;)
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Experimental Results
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Model MAP MRR
> Dataset: OLM 0.512 0.515
WIKIQA NNQLM-II 0.650 0.659
» Model: QA-CNN (Santos et al.) [10]  0.670 0.682
QOMWEF-LM AP-CNN (Santos et al.) [10]  0.688 0.696

QMWF-LM-char 0.657 %  0.679 %

QMWE-LM-word 0.695 *#  0.710 @F

> Dataset: Model P@1 MRR
YahooQA Random guess 0.200 0.457
LM 0.395 0.604
> Model: I%NQLM—H 0.466 0.673
QMWE-LM OA-CNN (Santos et al)[10] 0564 0727
AP-CNN (Santos et al.)[10] 0.560 0.726

QMWF-LM-char 0.513 @F  0.696 %P

OMWEF-LM-word

0.575 8 0.745 P

» Dataset: PTB, WikiText-2 Model: TSLM

PTB WikiText-2

Model Hiddensize Layers Valid Test | Hiddensize Layers Valid Test
KN-5(Mikolov and Zweig 2012) : - 1412 - : -
RNN(Mikolov and Zweig 2012) 300 [ - 1247

LSTM(Zaremba, Sutskever, and Vinyals 2014) 200 2 120.7 1145 - - -
LSTM(Grave, Joulin, and Usunier 2016) 1024 I - 82.3 1024 | - 99.3
LSTM(Merity et al. 2017) 6350 2 844  80.6 630 2 108.7 1009
RNN7 256 l 1303 1241 512 | 1260 1204
LSTM 256 l 118.6 1103 512 [ 1056 1014
TSLM 256 [ 117.2  108.1 512 | 1049 1004
RNN+MoSt(Yang et al. 2018) 256 | 88.7 843 312 l 856 818

256 l 304 83.6 512 |
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Conclusion

I:I QMWEF-LM shows that it is feasible to use quantum theory to

represent the interactions among words with multiple meanings.

0 A generalized language model (TSLM) was introduced inspired by
QMWE-LM, adopting the same method to express the word using
guantum wave function, deriving a recursive representation of the

conditional probability distribution
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