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A Flat Representation

Predicates:

Argument Relations:
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Figure 1: UDS “flat” representation. Deeper anal-
ysis such as SPR and factuality is not shown.

The non-recursive or “flat” representation can
be viewed as a Parson-style (Parsons, 1990) and
underspecified version of neo-Davidsonianized
RMRS (Copestake, 2007). As shown in Figure 1,
the flat representation is a tupleF = 〈P,A〉where
P is a bag of predicates that are all maximally
unary, and A is a bag of arguments represented by
separate binary relations.
Predicate: Predicates in PredPatt representation
are referred as complex predicates: they are open-
class predicates represented in the target language.
Scope and lexical information in the predicates
are left unresolved, yet can be recovered incre-
mentally in deep semantic parsing. From the per-
spective of RMRS, complex predicates are con-
junctions of underspecified elementary predica-
tions (Copestake et al., 2005) where handles are
ignored, but syntax properties from Universal De-
pendencies are retained. For instance, in Fig-
ure 1, the subscript “h” in the predicate “〈were
reportedh〉” indicates that “reported” is a syntac-
tic head in the predicate.
Argument Relation: The Parson-style flat repre-
sentation makes arguments first-class predications

ARG(·, ·). Using this style allows incremental ad-
dition of arguments, which is useful in shallow
semantics where the arity of open-class predicate
and the argument indexation are underspecified.
They can be recovered when lexicon is available
in deep analysis (Dowty, 1989; Copestake, 2007).

B Linearizing Graph Representation

Figure 2 and figure 3 shows the UDS graph and
linearized representations without deeper analysis
such as SPR and factuality. The procedure of con-
verting figure 2 to Figure 3 is following: Start-
ing at the root node of the dependency tree (i.e.,
“reportedh”), we take an in-order traversal of its
spanning tree. As the tree is expanded, brack-
ets are inserted to denote the beginning or end
of a predicate span, and parentheses are inserted
to denote the beginning or end of an argument
span. The subscript “h” indicates the syntactic
head of each span. Intra-sentential coreference oc-
curs when an instance refers to one of its preced-
ing nodes, where we replace the instance with a
special symbol “•” and add a coreference link be-
tween “•” and its antecedent.

C Hyperparameters

Encoder: Word embeddings are randomly ini-
tialized 300d vectors sampled from U(−0.1, 0.1).
The encoder RNN uses 2-layer bidirectional
LSTMs with hidden state size of 500 and dropout
rate at 0.3. Hidden states are zero initialized. All
other parameters are sampled from U(−0.1, 0.1).
Decoder: Word embeddings are initialized by
open-source GloVe vectors (Pennington et al.,
2014) trained on Common Crawl 840B with 300
dimensions. The decoder RNN uses 2-layer
LSTMs with hidden state size of 500 and dropout
rate at 0.3. Hidden states are initialized by the last
left-to-right hidden states of encoder. All other pa-
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h30 peoplehi
<latexit sha1_base64="WVuMu67TSBqNvmnaqaY1QFKVHzQ=">AAACD3icbVA9TwJBEN3DL8Qv1NJmIzFakUNN1I5oY4mJCAl3IXvLABv29i67c0Zy4SfY+FdsLNTY2tr5b1zgCgVfMsnLezO7My+IpTDout9ObmFxaXklv1pYW9/Y3Cpu79yZKNEc6jySkW4GzIAUCuooUEIz1sDCQEIjGFyN/cY9aCMidYvDGPyQ9ZToCs7QSu3ioSeZ6knwEB4wPXFpDFEsYdSeCv2Rpyd+u1hyy+4EdJ5UMlIiGWrt4pfXiXgSgkIumTGtihujnzKNgtv3C15iIGZ8wHrQslSxEIyfTg4a0QOrdGg30rYU0on6eyJloTHDMLCdIcO+mfXG4n9eK8HuuZ8KFScIik8/6iaSYkTH6dCO0MBRDi1hXAu7K+V9phlHm2HBhlCZPXme1I/LF2X35rRUvczSyJM9sk+OSIWckSq5JjVSJ5w8kmfySt6cJ+fFeXc+pq05J5vZJX/gfP4AZKWdqQ==</latexit><latexit sha1_base64="WVuMu67TSBqNvmnaqaY1QFKVHzQ=">AAACD3icbVA9TwJBEN3DL8Qv1NJmIzFakUNN1I5oY4mJCAl3IXvLABv29i67c0Zy4SfY+FdsLNTY2tr5b1zgCgVfMsnLezO7My+IpTDout9ObmFxaXklv1pYW9/Y3Cpu79yZKNEc6jySkW4GzIAUCuooUEIz1sDCQEIjGFyN/cY9aCMidYvDGPyQ9ZToCs7QSu3ioSeZ6knwEB4wPXFpDFEsYdSeCv2Rpyd+u1hyy+4EdJ5UMlIiGWrt4pfXiXgSgkIumTGtihujnzKNgtv3C15iIGZ8wHrQslSxEIyfTg4a0QOrdGg30rYU0on6eyJloTHDMLCdIcO+mfXG4n9eK8HuuZ8KFScIik8/6iaSYkTH6dCO0MBRDi1hXAu7K+V9phlHm2HBhlCZPXme1I/LF2X35rRUvczSyJM9sk+OSIWckSq5JjVSJ5w8kmfySt6cJ+fFeXc+pq05J5vZJX/gfP4AZKWdqQ==</latexit><latexit sha1_base64="WVuMu67TSBqNvmnaqaY1QFKVHzQ=">AAACD3icbVA9TwJBEN3DL8Qv1NJmIzFakUNN1I5oY4mJCAl3IXvLABv29i67c0Zy4SfY+FdsLNTY2tr5b1zgCgVfMsnLezO7My+IpTDout9ObmFxaXklv1pYW9/Y3Cpu79yZKNEc6jySkW4GzIAUCuooUEIz1sDCQEIjGFyN/cY9aCMidYvDGPyQ9ZToCs7QSu3ioSeZ6knwEB4wPXFpDFEsYdSeCv2Rpyd+u1hyy+4EdJ5UMlIiGWrt4pfXiXgSgkIumTGtihujnzKNgtv3C15iIGZ8wHrQslSxEIyfTg4a0QOrdGg30rYU0on6eyJloTHDMLCdIcO+mfXG4n9eK8HuuZ8KFScIik8/6iaSYkTH6dCO0MBRDi1hXAu7K+V9phlHm2HBhlCZPXme1I/LF2X35rRUvczSyJM9sk+OSIWckSq5JjVSJ5w8kmfySt6cJ+fFeXc+pq05J5vZJX/gfP4AZKWdqQ==</latexit>

hwas hithi
<latexit sha1_base64="j/CoKzN5XWgoYyrXxTP/rzpaFBE=">AAACDXicbVA9TwJBEN3DL8Qv1NJmIyGxIocxUTuijSUmIiQcIXvLABv29i67cyq53C+w8a/YWKixtbfz37jAFQq+ZJK3781kZ54fSWHQdb+d3NLyyupafr2wsbm1vVPc3bs1Yaw5NHgoQ93ymQEpFDRQoIRWpIEFvoSmP7qc+M070EaE6gbHEXQCNlCiLzhDK3WLZU8yNZDgITxgcs8MHQpMu7PnMPX01O0WS27FnYIukmpGSiRDvVv88nohjwNQyCUzpl11I+wkTKPgEtKCFxuIGB+xAbQtVSwA00mm56S0bJUe7YfalkI6VX9PJCwwZhz4tjNgODTz3kT8z2vH2D/rJEJFMYLis4/6saQY0kk2tCc0cJRjSxjXwu5K+ZBpxtEmWLAhVOdPXiSN48p5xb0+KdUusjTy5IAckiNSJaekRq5InTQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP4JZnT0=</latexit><latexit sha1_base64="j/CoKzN5XWgoYyrXxTP/rzpaFBE=">AAACDXicbVA9TwJBEN3DL8Qv1NJmIyGxIocxUTuijSUmIiQcIXvLABv29i67cyq53C+w8a/YWKixtbfz37jAFQq+ZJK3781kZ54fSWHQdb+d3NLyyupafr2wsbm1vVPc3bs1Yaw5NHgoQ93ymQEpFDRQoIRWpIEFvoSmP7qc+M070EaE6gbHEXQCNlCiLzhDK3WLZU8yNZDgITxgcs8MHQpMu7PnMPX01O0WS27FnYIukmpGSiRDvVv88nohjwNQyCUzpl11I+wkTKPgEtKCFxuIGB+xAbQtVSwA00mm56S0bJUe7YfalkI6VX9PJCwwZhz4tjNgODTz3kT8z2vH2D/rJEJFMYLis4/6saQY0kk2tCc0cJRjSxjXwu5K+ZBpxtEmWLAhVOdPXiSN48p5xb0+KdUusjTy5IAckiNSJaekRq5InTQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP4JZnT0=</latexit><latexit sha1_base64="j/CoKzN5XWgoYyrXxTP/rzpaFBE=">AAACDXicbVA9TwJBEN3DL8Qv1NJmIyGxIocxUTuijSUmIiQcIXvLABv29i67cyq53C+w8a/YWKixtbfz37jAFQq+ZJK3781kZ54fSWHQdb+d3NLyyupafr2wsbm1vVPc3bs1Yaw5NHgoQ93ymQEpFDRQoIRWpIEFvoSmP7qc+M070EaE6gbHEXQCNlCiLzhDK3WLZU8yNZDgITxgcs8MHQpMu7PnMPX01O0WS27FnYIukmpGSiRDvVv88nohjwNQyCUzpl11I+wkTKPgEtKCFxuIGB+xAbQtVSwA00mm56S0bJUe7YfalkI6VX9PJCwwZhz4tjNgODTz3kT8z2vH2D/rJEJFMYLis4/6saQY0kk2tCc0cJRjSxjXwu5K+ZBpxtEmWLAhVOdPXiSN48p5xb0+KdUusjTy5IAckiNSJaekRq5InTQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP4JZnT0=</latexit>

hdeadhi
<latexit sha1_base64="cJ9C5+6STPgpCbJnhQMfvBs0LC8=">AAACCnicbZBNS8NAEIY3ftb6VfXoJbQInkoqgnorevFYwdhCU8pmM2mXbjZhdyKWkLsX/4oXDype/QXe/Ddu0x60dWDh4X1nmJ3XTwTX6Djf1tLyyuraemmjvLm1vbNb2du/03GqGLgsFrHq+FSD4BJc5CigkyigkS+g7Y+uJn77HpTmsbzFcQK9iA4kDzmjaKR+peoJKgcCPIQHzAKgQd6f8jD3VGH1KzWn7hRlL0JjBjUyq1a/8uUFMUsjkMgE1brbcBLsZVQhZwLyspdqSCgb0QF0DUoage5lxS25fWSUwA5jZZ5Eu1B/T2Q00noc+aYzojjU895E/M/rphie9zIukxRBsumiMBU2xvYkGDvgChiKsQHKFDd/tdmQKsrQxFc2ITTmT14E96R+UXduTmvNy1kaJXJIquSYNMgZaZJr0iIuYeSRPJNX8mY9WS/Wu/UxbV2yZjMH5E9Znz8yw5v9</latexit><latexit sha1_base64="cJ9C5+6STPgpCbJnhQMfvBs0LC8=">AAACCnicbZBNS8NAEIY3ftb6VfXoJbQInkoqgnorevFYwdhCU8pmM2mXbjZhdyKWkLsX/4oXDype/QXe/Ddu0x60dWDh4X1nmJ3XTwTX6Djf1tLyyuraemmjvLm1vbNb2du/03GqGLgsFrHq+FSD4BJc5CigkyigkS+g7Y+uJn77HpTmsbzFcQK9iA4kDzmjaKR+peoJKgcCPIQHzAKgQd6f8jD3VGH1KzWn7hRlL0JjBjUyq1a/8uUFMUsjkMgE1brbcBLsZVQhZwLyspdqSCgb0QF0DUoage5lxS25fWSUwA5jZZ5Eu1B/T2Q00noc+aYzojjU895E/M/rphie9zIukxRBsumiMBU2xvYkGDvgChiKsQHKFDd/tdmQKsrQxFc2ITTmT14E96R+UXduTmvNy1kaJXJIquSYNMgZaZJr0iIuYeSRPJNX8mY9WS/Wu/UxbV2yZjMH5E9Znz8yw5v9</latexit><latexit sha1_base64="cJ9C5+6STPgpCbJnhQMfvBs0LC8=">AAACCnicbZBNS8NAEIY3ftb6VfXoJbQInkoqgnorevFYwdhCU8pmM2mXbjZhdyKWkLsX/4oXDype/QXe/Ddu0x60dWDh4X1nmJ3XTwTX6Djf1tLyyuraemmjvLm1vbNb2du/03GqGLgsFrHq+FSD4BJc5CigkyigkS+g7Y+uJn77HpTmsbzFcQK9iA4kDzmjaKR+peoJKgcCPIQHzAKgQd6f8jD3VGH1KzWn7hRlL0JjBjUyq1a/8uUFMUsjkMgE1brbcBLsZVQhZwLyspdqSCgb0QF0DUoage5lxS25fWSUwA5jZZ5Eu1B/T2Q00noc+aYzojjU895E/M/rphie9zIukxRBsumiMBU2xvYkGDvgChiKsQHKFDd/tdmQKsrQxFc2ITTmT14E96R+UXduTmvNy1kaJXJIquSYNMgZaZJr0iIuYeSRPJNX8mY9WS/Wu/UxbV2yZjMH5E9Znz8yw5v9</latexit>

hby a storm surgehi
<latexit sha1_base64="WdnttyK+XUb52jvcPidwADLQ8Y8=">AAACFnicbVA9SwNBFNyLXzF+RS1tFoNgFS4iqF3QxjKCZwK5EPY2L8mSvb1j9514HPkXNv4VGwsVW7Hz37hJrtDEgYVhZh5v3wSxFAZd99spLC2vrK4V10sbm1vbO+XdvTsTJZqDxyMZ6VbADEihwEOBElqxBhYGEprB6GriN+9BGxGpW0xj6IRsoERfcIZW6parvmRqIMFHeMAsSCmjBiMdUpPoAYy7M3049vU01i1X3Ko7BV0ktZxUSI5Gt/zl9yKehKCQS2ZMu+bG2MmYRsEljEt+YiBmfMQG0LZUsRBMJ5veNaZHVunRfqTtU0in6u+JjIXGpGFgkyHDoZn3JuJ/XjvB/nknEypOEBSfLeonkmJEJyXRntDAUaaWMK6F/SvlQ6YZR1tlyZZQmz95kXgn1Yuqe3NaqV/mbRTJATkkx6RGzkidXJMG8Qgnj+SZvJI358l5cd6dj1m04OQz++QPnM8fUhOg3g==</latexit><latexit sha1_base64="WdnttyK+XUb52jvcPidwADLQ8Y8=">AAACFnicbVA9SwNBFNyLXzF+RS1tFoNgFS4iqF3QxjKCZwK5EPY2L8mSvb1j9514HPkXNv4VGwsVW7Hz37hJrtDEgYVhZh5v3wSxFAZd99spLC2vrK4V10sbm1vbO+XdvTsTJZqDxyMZ6VbADEihwEOBElqxBhYGEprB6GriN+9BGxGpW0xj6IRsoERfcIZW6parvmRqIMFHeMAsSCmjBiMdUpPoAYy7M3049vU01i1X3Ko7BV0ktZxUSI5Gt/zl9yKehKCQS2ZMu+bG2MmYRsEljEt+YiBmfMQG0LZUsRBMJ5veNaZHVunRfqTtU0in6u+JjIXGpGFgkyHDoZn3JuJ/XjvB/nknEypOEBSfLeonkmJEJyXRntDAUaaWMK6F/SvlQ6YZR1tlyZZQmz95kXgn1Yuqe3NaqV/mbRTJATkkx6RGzkidXJMG8Qgnj+SZvJI358l5cd6dj1m04OQz++QPnM8fUhOg3g==</latexit><latexit sha1_base64="WdnttyK+XUb52jvcPidwADLQ8Y8=">AAACFnicbVA9SwNBFNyLXzF+RS1tFoNgFS4iqF3QxjKCZwK5EPY2L8mSvb1j9514HPkXNv4VGwsVW7Hz37hJrtDEgYVhZh5v3wSxFAZd99spLC2vrK4V10sbm1vbO+XdvTsTJZqDxyMZ6VbADEihwEOBElqxBhYGEprB6GriN+9BGxGpW0xj6IRsoERfcIZW6parvmRqIMFHeMAsSCmjBiMdUpPoAYy7M3049vU01i1X3Ko7BV0ktZxUSI5Gt/zl9yKehKCQS2ZMu+bG2MmYRsEljEt+YiBmfMQG0LZUsRBMJ5veNaZHVunRfqTtU0in6u+JjIXGpGFgkyHDoZn3JuJ/XjvB/nknEypOEBSfLeonkmJEJyXRntDAUaaWMK6F/SvlQ6YZR1tlyZZQmz95kXgn1Yuqe3NaqV/mbRTJATkkx6RGzkidXJMG8Qgnj+SZvJI358l5cd6dj1m04OQz++QPnM8fUhOg3g==</latexit>

hin one blockhof flatsi
<latexit sha1_base64="zWG6MOcbaHgs7hiCLcn4IdSX2qg=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZSqCdld047KCtYVOKZn0ThuaSYbkjljKfIsbf8WNC5XuxJ8xfSy09ULI4Zx7SM4JEyks+v6Xt7K6tr6xmdvKb+/s7u0XDg4frE4NhzrXUptmyCxIoaCOAiU0EwMsDiU0wsHNRG88grFCq3scJtCOWU+JSHCGjuoUKoFkqichQHjCkVBUK6Ch1HyQdWZcP5vdOqKRZGizwEwdnULRL/nTocugPAdFMp9apzAOupqnMSjkklnbKvsJtkfMoOASsnyQWkgYH7AetBxULAbbHk0jZvTUMV0aaeOOQjplfztGLLZ2GIduM2bYt4vahPxPa6UYXbVd8CRFUHz2UJRKippO+qJdYYCjHDrAuBHur5T3mWEcXat5V0J5MfIyqJ+XKiX/7qJYvZ63kSPH5ISckTK5JFVyS2qkTjh5Jq/knXx4L96b9+mNZ6sr3txzRP6M9/0DwhGl4Q==</latexit><latexit sha1_base64="zWG6MOcbaHgs7hiCLcn4IdSX2qg=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZSqCdld047KCtYVOKZn0ThuaSYbkjljKfIsbf8WNC5XuxJ8xfSy09ULI4Zx7SM4JEyks+v6Xt7K6tr6xmdvKb+/s7u0XDg4frE4NhzrXUptmyCxIoaCOAiU0EwMsDiU0wsHNRG88grFCq3scJtCOWU+JSHCGjuoUKoFkqichQHjCkVBUK6Ch1HyQdWZcP5vdOqKRZGizwEwdnULRL/nTocugPAdFMp9apzAOupqnMSjkklnbKvsJtkfMoOASsnyQWkgYH7AetBxULAbbHk0jZvTUMV0aaeOOQjplfztGLLZ2GIduM2bYt4vahPxPa6UYXbVd8CRFUHz2UJRKippO+qJdYYCjHDrAuBHur5T3mWEcXat5V0J5MfIyqJ+XKiX/7qJYvZ63kSPH5ISckTK5JFVyS2qkTjh5Jq/knXx4L96b9+mNZ6sr3txzRP6M9/0DwhGl4Q==</latexit><latexit sha1_base64="zWG6MOcbaHgs7hiCLcn4IdSX2qg=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZSqCdld047KCtYVOKZn0ThuaSYbkjljKfIsbf8WNC5XuxJ8xfSy09ULI4Zx7SM4JEyks+v6Xt7K6tr6xmdvKb+/s7u0XDg4frE4NhzrXUptmyCxIoaCOAiU0EwMsDiU0wsHNRG88grFCq3scJtCOWU+JSHCGjuoUKoFkqichQHjCkVBUK6Ch1HyQdWZcP5vdOqKRZGizwEwdnULRL/nTocugPAdFMp9apzAOupqnMSjkklnbKvsJtkfMoOASsnyQWkgYH7AetBxULAbbHk0jZvTUMV0aaeOOQjplfztGLLZ2GIduM2bYt4vahPxPa6UYXbVd8CRFUHz2UJRKippO+qJdYYCjHDrAuBHur5T3mWEcXat5V0J5MfIyqJ+XKiX/7qJYvZ63kSPH5ISckTK5JFVyS2qkTjh5Jq/knXx4L96b9+mNZ6sr3txzRP6M9/0DwhGl4Q==</latexit>
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Figure 2: UDS graph representation.
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Figure 3: UDS Linearized representation.

rameters are sampled from U(−0.1, 0.1).
Token Generation: The feed-forward neural net-
work is defined as

FFNNg(st, ct) = tanh(Wg

[
st
ct

]
+ bg) (1)

All transform matrices and bias used in genera-
tion are all sampled from U(−0.1, 0.1).
Coref Link: All feed-forward neural networks in
the coreference annotating mechanism are defined
as

FFNN(x) =W3ReLU(W2ReLU(W1x+ b1) + b2)

+ b3

where the sizes ofW1,W2 andW3 are 1000×500,
500×500 and 500×1 respectively. Dropout at rate
of 0.3 is applied to the output of each layer. All
transform matrices and bias used in the copying
mechanism are all sampled from U(−0.1, 0.1).
SPR module: The SPR model is a two-layer per-
ceptron:

D̂
(yi,yj)
SPRp

=WSPRpReLU(Wshared[γ(yi), γ(yj)])
(2)

where size of Wshared is 2648 × 2648 and sizes
of all WSPRp are 2648 × 1. All transform matri-
ces used in the SPR model are all sampled from
U(−0.1, 0.1).
Factuality module: The Factuality model is a
two-layer perceptron:

D̂
(yk)
FACT = V2ReLU (V1γ(yk) + b1) + b2, (3)

where size of V 1 and V 2 are 1324 × 1324 and
1324 × 1. All transform matrices used in the fac-
tuality model are all sampled from U(−0.1, 0.1).

Learning: Adam optimizer (Kingma and Ba,
2014) with mini-batch gradient is used for opti-
mization. The batch size is 64.

D In-domain Test

Table 1 reports the experimental results on the test
set. Results on the in-domain test set are similar
and shown in the appendix. In Table 1, S met-
ric measures the similarity between predicted and
reference graph representations. Based on the op-
timal variable mapping provided by the S met-
ric, we are able to evaluate our model and the
variants in different aspects: BLEUINST measures
the BLEU score of all matched instance edges;
MAESPR measures the mean absolute error of SPR
property scores of all matched argument edges;
and MAEFACT measures the mean absolute error
of factuality scores of all matched attribute edges.



S metric BLEUINST MAESPR MAEFACT
Prec. Rec. F1

Pipeline 35.42 23.53 28.27 14.80 N/A N/A

Variant (a) 37.46 25.91 30.63 15.67 0.45 0.77

Variant (b) 41.27 26.41 32.21 16.89 0.44 0.79

Variant (c) 40.27 26.40 31.89 16.60 0.43 0.74
Our model 44.17 27.04 33.55 17.90 0.43 0.78

Table 1: Evaluation of results on the in-domain test set.

References
Ann Copestake. 2007. Semantic composition with

(robust) minimal recursion semantics. In Proceed-
ings of the Workshop on Deep Linguistic Processing,
pages 73–80. Association for Computational Lin-
guistics.

Ann Copestake, Dan Flickinger, Carl Pollard, and
Ivan A Sag. 2005. Minimal recursion semantics: An
introduction. Research on Language and Computa-
tion, 3(2-3):281–332.

David R Dowty. 1989. On the semantic content of the
notion of thematic role. In Properties, types and
meaning, pages 69–129. Springer.

Diederik Kingma and Jimmy Ba. 2014. Adam: A
method for stochastic optimization. arXiv preprint
arXiv:1412.6980.

Terence Parsons. 1990. Events in the Semantics of En-
glish, volume 5. Cambridge, Ma: MIT Press.

Jeffrey Pennington, Richard Socher, and Christo-
pher D. Manning. 2014. Glove: Global vectors for
word representation. In Empirical Methods in Nat-
ural Language Processing (EMNLP), pages 1532–
1543.


