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Abstract
We introduce Recursive Routing Networks
(RRNs), which are modular, adaptable models that learn effectively in diverse environments. RRNs consist of a set of functions, typically organized into a grid, and a meta-learner
decision-making component called the router.
The model jointly optimizes the parameters
of the functions and the meta-learner’s policy for routing inputs through those functions.
RRN s can be incorporated into existing architectures in a number of ways; we explore
adding them to word representation layers, recurrent network hidden layers, and classifier
layers. Our evaluation task is natural language
inference (NLI). Using the MULTINLI corpus,
we show that an RRN’s routing decisions reflect the high-level genre structure of that corpus. To show that RRNs can learn to specialize
to more fine-grained semantic distinctions, we
introduce a new corpus of NLI examples involving implicative predicates, and show that
the model components become fine-tuned to
the inferential signatures that are characteristic of these predicates.
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Introduction

Human cognition has an extraordinary ability to
modularize, decomposing problems and solving
them by re-composing elements from prior solutions, and this ability is nowhere more evident than
in language understanding (Partee, 1984; Janssen,
1997). Most machine learning architectures lack
this modularity, which limits their ability to generalize and leaves them susceptible to catastrophic
interference (McCloskey and Cohen, 1989) – forgetting past skills when acquiring new ones.
We propose to address this need for modularity
by applying Routing Networks (Rosenbaum et al.,
2017) to natural language understanding. Routing
Networks are self-organizing networks with two
components (Figure 1): a set of function blocks
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Figure 1: Given a premise–hypothesis pair x, e.g., t managed to do s and t did s (1), the model needs to learn to predict entails (6). The router (2) estimates the value of applying
each of the available sub-functions to the input. Given that
manage has certain semantic properties, the router may select (3) a function f1 specialized to them. The module is then
applied (4), yielding f1 (x). This process repeats (5), now using f1 (x), selecting and applying another sub-function, and
so on, until the router is confident in its prediction (6).

which can be applied to transform the input, and
a router which makes decisions about which function block to apply next. Here we introduce Recursive Routing Networks (RRNs), in which there
is a single set of composable functions, recursively
chosen by the router. RRNs can be applied to
different components of modern language understanding architectures with full end-to-end training. The model jointly optimizes the parameters
of selected sub-functions and the meta-learner’s
policy for how to route inputs through those functions. As a result, individual sub-functions specialize to specific inputs, and paths through the
grid of sub-functions can similarly be trained to
reflect specific concepts and capabilities.
RRN s share many intuitions with other modular
methods like: Neural Module Networks (Andreas
et al., 2015, 2016; Hu et al., 2017), which learn to
construct a neural network from pre-defined modules; the Compositional Recursive Learner (Chang
et al., 2018), a closely related approach that uti-

