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Emergence of Linguistic Hierarchy in a MTRNN
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Abstract— We show that a Multiple Timescale Recurrent Neural Network (MTRNN) can acquire the
lingistic hierarchical structure: characters — words — setences. In our experiment, we trained our model
to learn language using only a sentence set without any previous knowledge about words or grammar. Our
experimental results shown that the model can acquire the capabilities to recognize and deterministically
generate grammatical sentences even if they were not learned. The analysis of neural activations in our
model revealed that the MTRNN had self-organized mirroring the hierarchical linguistic structure taking
advantage of differences in time scale among its neurons: concretely, neurons that change the fastest repre-
sented “characters,” those that change more slowly represented “words,” and those that change the slowest

represented “sentences.”
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Fig.2 0000O0O0O: “punch the small ball.”
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Table 1 Lexicon
Words

Nonterminal symbol

VI (intransitive verb)
V_T (transitive verb)

N (Noun)

ART (article)

ADV (adverb)

ADJ_S (adjective:size)
ADJ_C (adjective:color)

jump, run, walk
kick, punch, touch
ball, box

a, the

quickly, slowly
big, small

blue, red, yellow
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Table 2 Regular grammar

S — VI NP — ART N

S — V.IADV NP — ART ADJ N
S — V. T NP

S — V.T NP ADV ADJ — ADJ.S

ADJ — ADJ.C
ADJ — ADJ.S ADJ.C

(%) 100.0
95.0

B CLEAN
W NOIsY

90.0

85.0 -

80.0 -
75.0 7
70.0

Accuracy

65.0 -
60.0 -
55.0 -
50.0 -

0 5 10 20 30 40 (%)

p (Noise addition probability)
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