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Abstract

Time-to-event regression in healthcare and other domains, such as predictive maintenance,
require working with time-series (or time-varying) data such as continuously monitored vital
signs, electronic health records, or sensor readings. In such scenarios, the event-time distri-
bution may have temporal dependencies at different time scales that are not easily captured
by classical survival models that assume training data points to be independent. In this
paper, we describe a fully parametric approach to model censored time-to-event outcomes
with time varying covariates. It involves learning representations of the input temporal
data using Recurrent Neural Networks such as LSTMs and GRUs, followed by describing
the conditional event distribution as a fixed mixture of parametric distributions. The use
of the recurrent neural networks allows the learned representations to model long-term de-
pendencies in the input data while jointly estimating the Time-to-Event. We benchmark
our approach on MIMIC III: a large, publicly available dataset collected from Intensive
Care Unit (ICU) patients, focusing on predicting duration of their ICU stays and their
short term life expectancy, and we demonstrate competitive performance of the proposed
approach compared to established time-to-event regression models.1
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1. Introduction

Survival analysis is an important problem in statistical estimation with applications in
healthcare, predictive maintenance, econometrics and actuarial sciences. In its most clas-
sical form, survival analysis (or time-to-event regression) involves estimation of the condi-
tional survival function of an individual with a given set of covariates x, S(t|x) = P(T >
t|X = x). Several important applications of survival analysis require working with inter-
dependent temporal data such as multiple hemodynamic vital signs. Standard extensions
to survival models for longitudinal data involve representing input covariates with aggre-
gate statistics accrued over time in order to make them compatible with standard survival
regression approaches.

However, some data modalities, such as time series, cannot always be sufficiently cap-
tured using statistical featurization of static snapshots of the input vectors, x. Furthermore,
in the case of discrete temporal data, such as electronic health records, certain historical
events may be more informative and more consequential, with long term effects that require

1. Software Package: autonlab.github.io/DeepSurvivalMachines/#recurrent-deep-survival-machines
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modeling at multiple scales with factors more capacious than simple aggregate statistics such
as moving averages and variances over time.

In time-to-event regression literature, such input data are known as time-varying covari-
ates. While there is a large amount of existing work on extensions of classical statistical
methods involving such data, modern machine learning approaches to model time-varying
covariates are relatively understudied.

In this paper, we propose Recurrent Deep Survival Machines (RDSM), a fully parametric
survival analysis method for modeling time-to-event data in the presence of time-varying
covariates. RDSM builds on the original DSM model (Nagpal et al., 2021a) by replacing
the learned representation with a Recurrent Neural Network (RNN) architecture, such as a
standard RNN or its variants, e.g., GRU (Cho et al., 2014) or LSTM (Gers et al., 1999). As
in the case of the original DSM model, we assume that once the representations are obtained,
the event arrival times are distributed as a mixture of underlying parametric distributions.
The parameters of these underlying distributions are also assumed to be functions of the
obtained representations, and are learned jointly with the recurrent neural architectures.
Our key contributions in this paper are:

• We propose a novel censored Time-to-Event regression model, Recurrent Deep Sur-
vival Machines, that allows modeling of time-varying coefficients by using RNN layers
with flexible parametric choices on the event-time distribution.

• We demonstrate the utility of RDSM on Mortality and Length-of-Stay prediction in
the MIMIC-III dataset of ICU patients, and compare performance of the proposed
approach against established censored survival regression baselines.

• Finally, we release the RDSM model as part of the open-source dsm python package
for wider dissemination with the survival analysis research community.

2. Recurrent Deep Survival Machines

2.1. Notation and Setting

We assume that we want to model a right-censored dataset, implying that our data, D is a
set of tuples {(Xi, ti, δi)}Ni=1, where ti is the time at which an event of interest took place,
or the censoring time, and δi is an indicator that signifies whether ti is the event time or
censoring time. Xi is the set of features sampled over time along with the corresponding
timestamp at which the data was sampled Xi := {(x1

i , τ
1
i ), (x2

i , τ
2
i ), ...(xji , τ

j
i )}. We notate

X ji as the set of all covariates observed before time-step j and introduce remaining time-to-
event at a time-step j as rj = (t−τ j). Thus the learning problem reduces to estimating the
distributions of the conditional remaining time-to-event at each time step j, P̂(T (j) | X ji ).

We assume that we either only observe the actual failure or censoring time, but not
both, for each individual. Furthermore, for the purposes of identification, it is assumed
that the true data generating process is such that the censoring process is independent of
the actual time to failure.
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<latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit><latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit><latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit><latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit>

x
<latexit sha1_base64="wDsItKL0hMUEFrB4v1TWQPK+ykk=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF09SwbZiG8pmu2mXbjZh90Usof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnr+4AaLoXiLRQo+X2iOY0CyTvB+Cr3O49cGxGrO5wk3I/oUIlQMIpWeuhFFEdBmD1N+9WaW3dnIMvEK0gNCjT71a/eIGZpxBUySY3pem6CfkY1Cib5tNJLDU8oG9Mh71qqaMSNn80ST8mJVQYkjLV9CslM/b2R0ciYSRTYyTyhWfRy8T+vm2J46WdCJSlyxeYfhakkGJP8fDIQmjOUE0so08JmJWxENWVoS6rYErzFk5dJ+6zuuXXv9rzWuCnqKMMRHMMpeHABDbiGJrSAgYJneIU3xzgvzrvzMR8tOcXOIfyB8/kDAOSRKA==</latexit><latexit sha1_base64="wDsItKL0hMUEFrB4v1TWQPK+ykk=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF09SwbZiG8pmu2mXbjZh90Usof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnr+4AaLoXiLRQo+X2iOY0CyTvB+Cr3O49cGxGrO5wk3I/oUIlQMIpWeuhFFEdBmD1N+9WaW3dnIMvEK0gNCjT71a/eIGZpxBUySY3pem6CfkY1Cib5tNJLDU8oG9Mh71qqaMSNn80ST8mJVQYkjLV9CslM/b2R0ciYSRTYyTyhWfRy8T+vm2J46WdCJSlyxeYfhakkGJP8fDIQmjOUE0so08JmJWxENWVoS6rYErzFk5dJ+6zuuXXv9rzWuCnqKMMRHMMpeHABDbiGJrSAgYJneIU3xzgvzrvzMR8tOcXOIfyB8/kDAOSRKA==</latexit><latexit sha1_base64="wDsItKL0hMUEFrB4v1TWQPK+ykk=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF09SwbZiG8pmu2mXbjZh90Usof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnr+4AaLoXiLRQo+X2iOY0CyTvB+Cr3O49cGxGrO5wk3I/oUIlQMIpWeuhFFEdBmD1N+9WaW3dnIMvEK0gNCjT71a/eIGZpxBUySY3pem6CfkY1Cib5tNJLDU8oG9Mh71qqaMSNn80ST8mJVQYkjLV9CslM/b2R0ciYSRTYyTyhWfRy8T+vm2J46WdCJSlyxeYfhakkGJP8fDIQmjOUE0so08JmJWxENWVoS6rYErzFk5dJ+6zuuXXv9rzWuCnqKMMRHMMpeHABDbiGJrSAgYJneIU3xzgvzrvzMR8tOcXOIfyB8/kDAOSRKA==</latexit><latexit sha1_base64="wDsItKL0hMUEFrB4v1TWQPK+ykk=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF09SwbZiG8pmu2mXbjZh90Usof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkQKg6777ZRWVtfWN8qbla3tnd296v5B28SpZrzFYhnr+4AaLoXiLRQo+X2iOY0CyTvB+Cr3O49cGxGrO5wk3I/oUIlQMIpWeuhFFEdBmD1N+9WaW3dnIMvEK0gNCjT71a/eIGZpxBUySY3pem6CfkY1Cib5tNJLDU8oG9Mh71qqaMSNn80ST8mJVQYkjLV9CslM/b2R0ciYSRTYyTyhWfRy8T+vm2J46WdCJSlyxeYfhakkGJP8fDIQmjOUE0so08JmJWxENWVoS6rYErzFk5dJ+6zuuXXv9rzWuCnqKMMRHMMpeHABDbiGJrSAgYJneIU3xzgvzrvzMR8tOcXOIfyB8/kDAOSRKA==</latexit>

x̃
<latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit>

x̃
<latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit> x

1

<latexit sha1_base64="jbf/D68I4rWDLoZo28U4SCACbvs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy46bKCfUCblsl00g6dTMLMRC0xn+LGhSJu/RJ3/o2TNgttPTBwOOde7pnjx5wp7Tjf1tr6xubWdmmnvLu3f3BoV47aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vGnN7nfuadSsUjc6VlMvRCPBQsYwdpIQ7vSD7Ge+EH6mA3SQepm2dCuOjVnDrRK3IJUoUBzaH/1RxFJQio04VipnuvE2kux1IxwmpX7iaIxJlM8pj1DBQ6p8tJ59AydGWWEgkiaJzSaq783UhwqNQt9M5kHVcteLv7n9RIdXHspE3GiqSCLQ0HCkY5Q3gMaMUmJ5jNDMJHMZEVkgiUm2rRVNiW4y19eJe2LmuvU3NvLar1R1FGCEziFc3DhCurQgCa0gMADPMMrvFlP1ov1bn0sRtesYucY/sD6/AH3QZR2</latexit><latexit sha1_base64="jbf/D68I4rWDLoZo28U4SCACbvs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy46bKCfUCblsl00g6dTMLMRC0xn+LGhSJu/RJ3/o2TNgttPTBwOOde7pnjx5wp7Tjf1tr6xubWdmmnvLu3f3BoV47aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vGnN7nfuadSsUjc6VlMvRCPBQsYwdpIQ7vSD7Ge+EH6mA3SQepm2dCuOjVnDrRK3IJUoUBzaH/1RxFJQio04VipnuvE2kux1IxwmpX7iaIxJlM8pj1DBQ6p8tJ59AydGWWEgkiaJzSaq783UhwqNQt9M5kHVcteLv7n9RIdXHspE3GiqSCLQ0HCkY5Q3gMaMUmJ5jNDMJHMZEVkgiUm2rRVNiW4y19eJe2LmuvU3NvLar1R1FGCEziFc3DhCurQgCa0gMADPMMrvFlP1ov1bn0sRtesYucY/sD6/AH3QZR2</latexit><latexit sha1_base64="jbf/D68I4rWDLoZo28U4SCACbvs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy46bKCfUCblsl00g6dTMLMRC0xn+LGhSJu/RJ3/o2TNgttPTBwOOde7pnjx5wp7Tjf1tr6xubWdmmnvLu3f3BoV47aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vGnN7nfuadSsUjc6VlMvRCPBQsYwdpIQ7vSD7Ge+EH6mA3SQepm2dCuOjVnDrRK3IJUoUBzaH/1RxFJQio04VipnuvE2kux1IxwmpX7iaIxJlM8pj1DBQ6p8tJ59AydGWWEgkiaJzSaq783UhwqNQt9M5kHVcteLv7n9RIdXHspE3GiqSCLQ0HCkY5Q3gMaMUmJ5jNDMJHMZEVkgiUm2rRVNiW4y19eJe2LmuvU3NvLar1R1FGCEziFc3DhCurQgCa0gMADPMMrvFlP1ov1bn0sRtesYucY/sD6/AH3QZR2</latexit><latexit sha1_base64="jbf/D68I4rWDLoZo28U4SCACbvs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy46bKCfUCblsl00g6dTMLMRC0xn+LGhSJu/RJ3/o2TNgttPTBwOOde7pnjx5wp7Tjf1tr6xubWdmmnvLu3f3BoV47aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vGnN7nfuadSsUjc6VlMvRCPBQsYwdpIQ7vSD7Ge+EH6mA3SQepm2dCuOjVnDrRK3IJUoUBzaH/1RxFJQio04VipnuvE2kux1IxwmpX7iaIxJlM8pj1DBQ6p8tJ59AydGWWEgkiaJzSaq783UhwqNQt9M5kHVcteLv7n9RIdXHspE3GiqSCLQ0HCkY5Q3gMaMUmJ5jNDMJHMZEVkgiUm2rRVNiW4y19eJe2LmuvU3NvLar1R1FGCEziFc3DhCurQgCa0gMADPMMrvFlP1ov1bn0sRtesYucY/sD6/AH3QZR2</latexit>

x
2

<latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit><latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit><latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit><latexit sha1_base64="x28YrgPbi4hFn118uVy0fo1fnvA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmKoMuCmy4r2Af0xWQ6aYdOJmFmopaYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxIs6Udpxvq7CxubW9U9wt7e0fHB7Z5eO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzZTeZ37qlULBR3eh7RQYAngvmMYG2kkV3uB1hPPT95TIfJMKml6ciuOFVnAbRO3JxUIEdzZH/1xyGJAyo04VipnutEepBgqRnhNC31Y0UjTGZ4QnuGChxQNUgW0VN0bpQx8kNpntBoof7eSHCg1DzwzGQWVK16mfif14u1fz1ImIhiTQVZHvJjjnSIsh7QmElKNJ8bgolkJisiUywx0aatkinBXf3yOmnXqq5TdW8vK/VGXkcRTuEMLsCFK6hDA5rQAgIP8Ayv8GY9WS/Wu/WxHC1Y+c4J/IH1+QP4x5R3</latexit>

�(·) =
#        »

RNN(·)
<latexit sha1_base64="W1J/hJXLU4Hq14ZJvODipP9f7sw="></latexit><latexit sha1_base64="W1J/hJXLU4Hq14ZJvODipP9f7sw="></latexit><latexit sha1_base64="W1J/hJXLU4Hq14ZJvODipP9f7sw="></latexit><latexit sha1_base64="W1J/hJXLU4Hq14ZJvODipP9f7sw="></latexit>

· · ·<latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit>

· · ·<latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit>

· · ·<latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit><latexit sha1_base64="yAUpVyWy8kc7sIzXp7TzNm2XnPA="></latexit>

Output Representations

Input Data
Mixture Distributions

P(T > t|X)
<latexit sha1_base64="qYVk53jm+qnqPd1uDoOFEuihSY0=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQVdScONKKvQFbSgz00k7dCYJMxOlxHyB3+BW1+7ErV/h0j9x0mZhWw9cOJxzL/dwcMSZ0o7zbRXW1jc2t4rbpZ3dvf0Du3zYVmEsCW2RkIeyi5GinAW0pZnmtBtJigTmtIMnN5nfeaBSsTBo6mlEPYFGAfMZQdpIA7vcF0iPMU4aabV5rZ+6ZwO74tScGeAqcXNSATkaA/unPwxJLGigCUdK9Vwn0l6CpGaE07TUjxWNEJmgEe0ZGiBBlZfMoqfw1ChD6IfSTKDhTP17kSCh1FRgs5kFVcteJv7n9WLtX3kJC6JY04DMH/kxhzqEWQ9wyCQlmk8NQUQykxWSMZKIaNPWwhcsUtOJu9zAKmmf11yn5t5fVOp3eTtFcAxOQBW44BLUwS1ogBYg4BG8gFfwZj1b79aH9TlfLVj5zRFYgPX1C6NRmjQ=</latexit><latexit sha1_base64="qYVk53jm+qnqPd1uDoOFEuihSY0=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQVdScONKKvQFbSgz00k7dCYJMxOlxHyB3+BW1+7ErV/h0j9x0mZhWw9cOJxzL/dwcMSZ0o7zbRXW1jc2t4rbpZ3dvf0Du3zYVmEsCW2RkIeyi5GinAW0pZnmtBtJigTmtIMnN5nfeaBSsTBo6mlEPYFGAfMZQdpIA7vcF0iPMU4aabV5rZ+6ZwO74tScGeAqcXNSATkaA/unPwxJLGigCUdK9Vwn0l6CpGaE07TUjxWNEJmgEe0ZGiBBlZfMoqfw1ChD6IfSTKDhTP17kSCh1FRgs5kFVcteJv7n9WLtX3kJC6JY04DMH/kxhzqEWQ9wyCQlmk8NQUQykxWSMZKIaNPWwhcsUtOJu9zAKmmf11yn5t5fVOp3eTtFcAxOQBW44BLUwS1ogBYg4BG8gFfwZj1b79aH9TlfLVj5zRFYgPX1C6NRmjQ=</latexit><latexit sha1_base64="qYVk53jm+qnqPd1uDoOFEuihSY0=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQVdScONKKvQFbSgz00k7dCYJMxOlxHyB3+BW1+7ErV/h0j9x0mZhWw9cOJxzL/dwcMSZ0o7zbRXW1jc2t4rbpZ3dvf0Du3zYVmEsCW2RkIeyi5GinAW0pZnmtBtJigTmtIMnN5nfeaBSsTBo6mlEPYFGAfMZQdpIA7vcF0iPMU4aabV5rZ+6ZwO74tScGeAqcXNSATkaA/unPwxJLGigCUdK9Vwn0l6CpGaE07TUjxWNEJmgEe0ZGiBBlZfMoqfw1ChD6IfSTKDhTP17kSCh1FRgs5kFVcteJv7n9WLtX3kJC6JY04DMH/kxhzqEWQ9wyCQlmk8NQUQykxWSMZKIaNPWwhcsUtOJu9zAKmmf11yn5t5fVOp3eTtFcAxOQBW44BLUwS1ogBYg4BG8gFfwZj1b79aH9TlfLVj5zRFYgPX1C6NRmjQ=</latexit><latexit sha1_base64="qYVk53jm+qnqPd1uDoOFEuihSY0=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQVdScONKKvQFbSgz00k7dCYJMxOlxHyB3+BW1+7ErV/h0j9x0mZhWw9cOJxzL/dwcMSZ0o7zbRXW1jc2t4rbpZ3dvf0Du3zYVmEsCW2RkIeyi5GinAW0pZnmtBtJigTmtIMnN5nfeaBSsTBo6mlEPYFGAfMZQdpIA7vcF0iPMU4aabV5rZ+6ZwO74tScGeAqcXNSATkaA/unPwxJLGigCUdK9Vwn0l6CpGaE07TUjxWNEJmgEe0ZGiBBlZfMoqfw1ChD6IfSTKDhTP17kSCh1FRgs5kFVcteJv7n9WLtX3kJC6JY04DMH/kxhzqEWQ9wyCQlmk8NQUQykxWSMZKIaNPWwhcsUtOJu9zAKmmf11yn5t5fVOp3eTtFcAxOQBW44BLUwS1ogBYg4BG8gFfwZj1b79aH9TlfLVj5zRFYgPX1C6NRmjQ=</latexit>

P(T = t|X)
<latexit sha1_base64="t6tZ+dt8ZIylLf4StqqWw08IFzM=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQTdCwY0rqdAXtKHMTCft0JkkzEyUEvMFfoNbXbsTt36FS//ESZuFbT1w4XDOvdzDwRFnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhW4WxJLRFQh7KLkaKchbQlmaa024kKRKY0w6e3GR+54FKxcKgqacR9QQaBcxnBGkjDexyXyA9xjhppNXmtX7qng3silNzZoCrxM1JBeRoDOyf/jAksaCBJhwp1XOdSHsJkpoRTtNSP1Y0QmSCRrRnaIAEVV4yi57CU6MMoR9KM4GGM/XvRYKEUlOBzWYWVC17mfif14u1f+UlLIhiTQMyf+THHOoQZj3AIZOUaD41BBHJTFZIxkgiok1bC1+wSE0n7nIDq6R9XnOdmnt/Uanf5e0UwTE4AVXggktQB7egAVqAgEfwAl7Bm/VsvVsf1ud8tWDlN0dgAdbXL6G6mjM=</latexit><latexit sha1_base64="t6tZ+dt8ZIylLf4StqqWw08IFzM=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQTdCwY0rqdAXtKHMTCft0JkkzEyUEvMFfoNbXbsTt36FS//ESZuFbT1w4XDOvdzDwRFnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhW4WxJLRFQh7KLkaKchbQlmaa024kKRKY0w6e3GR+54FKxcKgqacR9QQaBcxnBGkjDexyXyA9xjhppNXmtX7qng3silNzZoCrxM1JBeRoDOyf/jAksaCBJhwp1XOdSHsJkpoRTtNSP1Y0QmSCRrRnaIAEVV4yi57CU6MMoR9KM4GGM/XvRYKEUlOBzWYWVC17mfif14u1f+UlLIhiTQMyf+THHOoQZj3AIZOUaD41BBHJTFZIxkgiok1bC1+wSE0n7nIDq6R9XnOdmnt/Uanf5e0UwTE4AVXggktQB7egAVqAgEfwAl7Bm/VsvVsf1ud8tWDlN0dgAdbXL6G6mjM=</latexit><latexit sha1_base64="t6tZ+dt8ZIylLf4StqqWw08IFzM=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQTdCwY0rqdAXtKHMTCft0JkkzEyUEvMFfoNbXbsTt36FS//ESZuFbT1w4XDOvdzDwRFnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhW4WxJLRFQh7KLkaKchbQlmaa024kKRKY0w6e3GR+54FKxcKgqacR9QQaBcxnBGkjDexyXyA9xjhppNXmtX7qng3silNzZoCrxM1JBeRoDOyf/jAksaCBJhwp1XOdSHsJkpoRTtNSP1Y0QmSCRrRnaIAEVV4yi57CU6MMoR9KM4GGM/XvRYKEUlOBzWYWVC17mfif14u1f+UlLIhiTQMyf+THHOoQZj3AIZOUaD41BBHJTFZIxkgiok1bC1+wSE0n7nIDq6R9XnOdmnt/Uanf5e0UwTE4AVXggktQB7egAVqAgEfwAl7Bm/VsvVsf1ud8tWDlN0dgAdbXL6G6mjM=</latexit><latexit sha1_base64="t6tZ+dt8ZIylLf4StqqWw08IFzM=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQNyURQTdCwY0rqdAXtKHMTCft0JkkzEyUEvMFfoNbXbsTt36FS//ESZuFbT1w4XDOvdzDwRFnSjvOt1VYW9/Y3Cpul3Z29/YP7PJhW4WxJLRFQh7KLkaKchbQlmaa024kKRKY0w6e3GR+54FKxcKgqacR9QQaBcxnBGkjDexyXyA9xjhppNXmtX7qng3silNzZoCrxM1JBeRoDOyf/jAksaCBJhwp1XOdSHsJkpoRTtNSP1Y0QmSCRrRnaIAEVV4yi57CU6MMoR9KM4GGM/XvRYKEUlOBzWYWVC17mfif14u1f+UlLIhiTQMyf+THHOoQZj3AIZOUaD41BBHJTFZIxkgiok1bC1+wSE0n7nIDq6R9XnOdmnt/Uanf5e0UwTE4AVXggktQB7egAVqAgEfwAl7Bm/VsvVsf1ud8tWDlN0dgAdbXL6G6mjM=</latexit>

Time-to-Event Distribution

x̃
<latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit>

x̃
<latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit>

><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit>

><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit>

[⇣]
<latexit sha1_base64="ENDm++RDX1SCUlwSpQC+qJTsZVE=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzYWEkE84DdJcxO7iZDZmaXmVkhLun8Blut7cTWH7H0T5wkW5jEAxcO59zLuZwo5Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kitk0xRaNGEJ6obEQ2cSWgZZjh0UwVERBw60ehm6nceQWmWyAczTiEUZCBZzCgxVgr8IBJ58ASGTMJetebW3RnwKvEKUkMFmr3qT9BPaCZAGsqJ1r7npibMiTKMcphUgkxDSuiIDMC3VBIBOsxnP0/wmVX6OE6UHWnwTP17kROh9VhEdlMQM9TL3lT8z/MzE1+HOZNpZkDSeVCccWwSPC0A95kCavjYEkIVs79iOiSKUGNrWkiJxMR24i03sEraF3XPrXv3l7XGXdFOGZ2gU3SOPHSFGugWNVELUZSiF/SK3pxn5935cD7nqyWnuDlGC3C+fgFBxZh/</latexit><latexit sha1_base64="ENDm++RDX1SCUlwSpQC+qJTsZVE=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzYWEkE84DdJcxO7iZDZmaXmVkhLun8Blut7cTWH7H0T5wkW5jEAxcO59zLuZwo5Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kitk0xRaNGEJ6obEQ2cSWgZZjh0UwVERBw60ehm6nceQWmWyAczTiEUZCBZzCgxVgr8IBJ58ASGTMJetebW3RnwKvEKUkMFmr3qT9BPaCZAGsqJ1r7npibMiTKMcphUgkxDSuiIDMC3VBIBOsxnP0/wmVX6OE6UHWnwTP17kROh9VhEdlMQM9TL3lT8z/MzE1+HOZNpZkDSeVCccWwSPC0A95kCavjYEkIVs79iOiSKUGNrWkiJxMR24i03sEraF3XPrXv3l7XGXdFOGZ2gU3SOPHSFGugWNVELUZSiF/SK3pxn5935cD7nqyWnuDlGC3C+fgFBxZh/</latexit><latexit sha1_base64="ENDm++RDX1SCUlwSpQC+qJTsZVE=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzYWEkE84DdJcxO7iZDZmaXmVkhLun8Blut7cTWH7H0T5wkW5jEAxcO59zLuZwo5Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kitk0xRaNGEJ6obEQ2cSWgZZjh0UwVERBw60ehm6nceQWmWyAczTiEUZCBZzCgxVgr8IBJ58ASGTMJetebW3RnwKvEKUkMFmr3qT9BPaCZAGsqJ1r7npibMiTKMcphUgkxDSuiIDMC3VBIBOsxnP0/wmVX6OE6UHWnwTP17kROh9VhEdlMQM9TL3lT8z/MzE1+HOZNpZkDSeVCccWwSPC0A95kCavjYEkIVs79iOiSKUGNrWkiJxMR24i03sEraF3XPrXv3l7XGXdFOGZ2gU3SOPHSFGugWNVELUZSiF/SK3pxn5935cD7nqyWnuDlGC3C+fgFBxZh/</latexit><latexit sha1_base64="ENDm++RDX1SCUlwSpQC+qJTsZVE=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzYWEkE84DdJcxO7iZDZmaXmVkhLun8Blut7cTWH7H0T5wkW5jEAxcO59zLuZwo5Uwb1/12SmvrG5tb5e3Kzu7e/kH18Kitk0xRaNGEJ6obEQ2cSWgZZjh0UwVERBw60ehm6nceQWmWyAczTiEUZCBZzCgxVgr8IBJ58ASGTMJetebW3RnwKvEKUkMFmr3qT9BPaCZAGsqJ1r7npibMiTKMcphUgkxDSuiIDMC3VBIBOsxnP0/wmVX6OE6UHWnwTP17kROh9VhEdlMQM9TL3lT8z/MzE1+HOZNpZkDSeVCccWwSPC0A95kCavjYEkIVs79iOiSKUGNrWkiJxMR24i03sEraF3XPrXv3l7XGXdFOGZ2gU3SOPHSFGugWNVELUZSiF/SK3pxn5935cD7nqyWnuDlGC3C+fgFBxZh/</latexit>

[⇠]
<latexit sha1_base64="H1BZqT806i3E9hkKpF15/sP2X4E=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZsrCSC+cDcEfY2e8mS3b1jd08MxzX+Blut7cTWf2LpP3GTXGESHww83pthZl6YcKaN6347K6tr6xubpa3y9s7u3n7l4LCl41QR2iQxj1UnxJpyJmnTMMNpJ1EUi5DTdji6nvjtR6o0i+W9GSc0EHggWcQINlZ66PqhyPwnlge9StWtuVOgZeIVpAoFGr3Kj9+PSSqoNIRjrbuem5ggw8owwmle9lNNE0xGeEC7lkosqA6y6cU5OrVKH0WxsiUNmqp/JzIstB6L0HYKbIZ60ZuI/3nd1ERXQcZkkhoqyWxRlHJkYjR5H/WZosTwsSWYKGZvRWSIFSbGhjS3JRS5zcRbTGCZtM5rnlvz7i6q9dsinRIcwwmcgQeXUIcbaEATCEh4gVd4c56dd+fD+Zy1rjjFzBHMwfn6BaLel5g=</latexit><latexit sha1_base64="H1BZqT806i3E9hkKpF15/sP2X4E=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZsrCSC+cDcEfY2e8mS3b1jd08MxzX+Blut7cTWf2LpP3GTXGESHww83pthZl6YcKaN6347K6tr6xubpa3y9s7u3n7l4LCl41QR2iQxj1UnxJpyJmnTMMNpJ1EUi5DTdji6nvjtR6o0i+W9GSc0EHggWcQINlZ66PqhyPwnlge9StWtuVOgZeIVpAoFGr3Kj9+PSSqoNIRjrbuem5ggw8owwmle9lNNE0xGeEC7lkosqA6y6cU5OrVKH0WxsiUNmqp/JzIstB6L0HYKbIZ60ZuI/3nd1ERXQcZkkhoqyWxRlHJkYjR5H/WZosTwsSWYKGZvRWSIFSbGhjS3JRS5zcRbTGCZtM5rnlvz7i6q9dsinRIcwwmcgQeXUIcbaEATCEh4gVd4c56dd+fD+Zy1rjjFzBHMwfn6BaLel5g=</latexit><latexit sha1_base64="H1BZqT806i3E9hkKpF15/sP2X4E=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZsrCSC+cDcEfY2e8mS3b1jd08MxzX+Blut7cTWf2LpP3GTXGESHww83pthZl6YcKaN6347K6tr6xubpa3y9s7u3n7l4LCl41QR2iQxj1UnxJpyJmnTMMNpJ1EUi5DTdji6nvjtR6o0i+W9GSc0EHggWcQINlZ66PqhyPwnlge9StWtuVOgZeIVpAoFGr3Kj9+PSSqoNIRjrbuem5ggw8owwmle9lNNE0xGeEC7lkosqA6y6cU5OrVKH0WxsiUNmqp/JzIstB6L0HYKbIZ60ZuI/3nd1ERXQcZkkhoqyWxRlHJkYjR5H/WZosTwsSWYKGZvRWSIFSbGhjS3JRS5zcRbTGCZtM5rnlvz7i6q9dsinRIcwwmcgQeXUIcbaEATCEh4gVd4c56dd+fD+Zy1rjjFzBHMwfn6BaLel5g=</latexit><latexit sha1_base64="H1BZqT806i3E9hkKpF15/sP2X4E=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZsrCSC+cDcEfY2e8mS3b1jd08MxzX+Blut7cTWf2LpP3GTXGESHww83pthZl6YcKaN6347K6tr6xubpa3y9s7u3n7l4LCl41QR2iQxj1UnxJpyJmnTMMNpJ1EUi5DTdji6nvjtR6o0i+W9GSc0EHggWcQINlZ66PqhyPwnlge9StWtuVOgZeIVpAoFGr3Kj9+PSSqoNIRjrbuem5ggw8owwmle9lNNE0xGeEC7lkosqA6y6cU5OrVKH0WxsiUNmqp/JzIstB6L0HYKbIZ60ZuI/3nd1ERXQcZkkhoqyWxRlHJkYjR5H/WZosTwsSWYKGZvRWSIFSbGhjS3JRS5zcRbTGCZtM5rnlvz7i6q9dsinRIcwwmcgQeXUIcbaEATCEh4gVd4c56dd+fD+Zy1rjjFzBHMwfn6BaLel5g=</latexit>

+
<latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit><latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit><latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit><latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit>

+
<latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit><latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit><latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit><latexit sha1_base64="HaKxPdGwWfU3KYTtNJBQDHB+8Ak=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY8OJJKtgPaJeSTbNtbJJdkqxQlvobvOrZm3j1v3j0n5ht92BbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTSUaIIbZKIR6oTYE05k7RpmOG0EyuKRcBpOxjfZH77iSrNIvlgJjH1BR5KFjKCjZVavUCkF9N+ueJW3RnQKvFyUoEcjX75pzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ9dO0ZlVBiiMlC1p0Ez9O5FiofVEBLZTYDPSy14m/ud1ExNe+ymTcWKoJPNFYcKRiVD2OhowRYnhE0swUczeisgIK0yMDWhhSyCyTLzlBFZJ67LquVXvvlap3+XpFOEETuEcPLiCOtxCA5pA4BFe4BXenGfn3flwPuetBSefOYYFOF+/MZKVpg==</latexit>

x

x̃
<latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit><latexit sha1_base64="9X+2Vyl2/91Xp/k9kw5bKalFErY=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXBjSupYB/QhDKZTNqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vm+AlnStv2t1XZ2Nza3qnu1vb2Dw6P6seNnopTSWiXxDyWAx8rypmgXc00p4NEUhz5nPb96W3h95+oVCwWj3qeUC/CY8FCRrA20qjecDXjAc3cCOuJH2azPB/Vm3bLXgCtE6ckTSjRGdW/3CAmaUSFJhwrNXTsRHsZlpoRTvOamyqaYDLFYzo0VOCIKi9bZM/RuVECFMbSPKHRQv29keFIqXnkm8kiolr1CvE/b5jq8MbLmEhSTQVZHgpTjnSMiiJQwCQlms8NwUQykxWRCZaYaFNXzZTgrH55nfQuW47dch6umu37so4qnMIZXIAD19CGO+hAFwjM4Ble4c3KrRfr3fpYjlascucE/sD6/AH0kpUP</latexit>

><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit><latexit sha1_base64="QHAWbdj9E1Ak0EXWIIBKLrE6JxM=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa89FjBtIU2lM120y7d7IbdiVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7JX3T84PDqunZx2jMo0ZQFVQuleRAwTXLIAOQrWSzUjSSRYN5reF373iWnDlXzEWcrChIwljzklaKVggCqtDmt1r+Et4K4TvyR1KNEe1r4GI0WzhEmkghjT970Uw5xo5FSweXWQGZYSOiVj1rdUkoSZMF8cO3cvrTJyY6VtSXQX6u+JnCTGzJLIdiYEJ2bVK8T/vH6G8V2Yc5lmyCRdLooz4aJyi8/dEdeMophZQqjm9laXTogmFG0+RQj+6svrpHPd8L2G/3BTb7bKOCpwDhdwBT7cQhNa0IYAKHB4hld4c6Tz4rw7H8vWDaecOYM/cD5/AGZujms=</latexit>

softmax(·)
<latexit sha1_base64="i2PV2O3t7PlZkPsRrvNi0ApKJXk=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlsxiE2IRdEbQM2FhJBPOAJITZyWwyZB7LzF1JWPINfoOt1nZi6zdY+idOki1M4oELh3Pu5VxOGHNmwPe/ndza+sbmVn67sLO7t3/gHh7VjUo0oTWiuNLNEBvKmaQ1YMBpM9YUi5DTRji8nfqNJ6oNU/IRxjHtCNyXLGIEg5W67kkb6AhSoyIQeDQptUlPwUXXLfplfwZvlQQZKaIM1a770+4pkggqgXBsTCvwY+ikWAMjnE4K7cTQGJMh7tOWpRILajrp7P2Jd26VnhcpbUeCN1P/XqRYGDMWod0UGAZm2ZuK/3mtBKKbTspknACVZB4UJdwD5U278HpMUwJ8bAkmmtlfPTLAGhOwjS2khGJiOwmWG1gl9cty4JeDh6ti5T5rJ49O0RkqoQBdowq6Q1VUQwSl6AW9ojfn2Xl3PpzP+WrOyW6O0QKcr1/Vu5yR</latexit><latexit sha1_base64="i2PV2O3t7PlZkPsRrvNi0ApKJXk=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlsxiE2IRdEbQM2FhJBPOAJITZyWwyZB7LzF1JWPINfoOt1nZi6zdY+idOki1M4oELh3Pu5VxOGHNmwPe/ndza+sbmVn67sLO7t3/gHh7VjUo0oTWiuNLNEBvKmaQ1YMBpM9YUi5DTRji8nfqNJ6oNU/IRxjHtCNyXLGIEg5W67kkb6AhSoyIQeDQptUlPwUXXLfplfwZvlQQZKaIM1a770+4pkggqgXBsTCvwY+ikWAMjnE4K7cTQGJMh7tOWpRILajrp7P2Jd26VnhcpbUeCN1P/XqRYGDMWod0UGAZm2ZuK/3mtBKKbTspknACVZB4UJdwD5U278HpMUwJ8bAkmmtlfPTLAGhOwjS2khGJiOwmWG1gl9cty4JeDh6ti5T5rJ49O0RkqoQBdowq6Q1VUQwSl6AW9ojfn2Xl3PpzP+WrOyW6O0QKcr1/Vu5yR</latexit><latexit sha1_base64="i2PV2O3t7PlZkPsRrvNi0ApKJXk=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlsxiE2IRdEbQM2FhJBPOAJITZyWwyZB7LzF1JWPINfoOt1nZi6zdY+idOki1M4oELh3Pu5VxOGHNmwPe/ndza+sbmVn67sLO7t3/gHh7VjUo0oTWiuNLNEBvKmaQ1YMBpM9YUi5DTRji8nfqNJ6oNU/IRxjHtCNyXLGIEg5W67kkb6AhSoyIQeDQptUlPwUXXLfplfwZvlQQZKaIM1a770+4pkggqgXBsTCvwY+ikWAMjnE4K7cTQGJMh7tOWpRILajrp7P2Jd26VnhcpbUeCN1P/XqRYGDMWod0UGAZm2ZuK/3mtBKKbTspknACVZB4UJdwD5U278HpMUwJ8bAkmmtlfPTLAGhOwjS2khGJiOwmWG1gl9cty4JeDh6ti5T5rJ49O0RkqoQBdowq6Q1VUQwSl6AW9ojfn2Xl3PpzP+WrOyW6O0QKcr1/Vu5yR</latexit><latexit sha1_base64="i2PV2O3t7PlZkPsRrvNi0ApKJXk=">AAACDXicbVC7SgNBFJ2Nrxhfq2JlsxiE2IRdEbQM2FhJBPOAJITZyWwyZB7LzF1JWPINfoOt1nZi6zdY+idOki1M4oELh3Pu5VxOGHNmwPe/ndza+sbmVn67sLO7t3/gHh7VjUo0oTWiuNLNEBvKmaQ1YMBpM9YUi5DTRji8nfqNJ6oNU/IRxjHtCNyXLGIEg5W67kkb6AhSoyIQeDQptUlPwUXXLfplfwZvlQQZKaIM1a770+4pkggqgXBsTCvwY+ikWAMjnE4K7cTQGJMh7tOWpRILajrp7P2Jd26VnhcpbUeCN1P/XqRYGDMWod0UGAZm2ZuK/3mtBKKbTspknACVZB4UJdwD5U278HpMUwJ8bAkmmtlfPTLAGhOwjS2khGJiOwmWG1gl9cty4JeDh6ti5T5rJ49O0RkqoQBdowq6Q1VUQwSl6AW9ojfn2Xl3PpzP+WrOyW6O0QKcr1/Vu5yR</latexit>

[w]
<latexit sha1_base64="lwtekUUqSQReXC9b3pOXGXks+z4=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD8gDWWz3bRLdzdhd6OUEPA3eNWzN/HqX/HoP3Hb5mBbHww83pthZl6YcKaN6347pbX1jc2t8nZlZ3dv/6B6eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfTP3OI1WaxfLBTBIaCDyULGIEGyt1/V4osqc86Fdrbt2dAa0SryA1KNDsV396g5ikgkpDONba99zEBBlWhhFO80ov1TTBZIyH1LdUYkF1kM3uzdGZVQYoipUtadBM/TuRYaH1RIS2U2Az0sveVPzP81MTXQcZk0lqqCTzRVHKkYnR9Hk0YIoSwyeWYKKYvRWREVaYGBvRwpZQ5DYTbzmBVdK+qHtu3bu/rDXuinTKcAKncA4eXEEDbqEJLSDA4QVe4c15dt6dD+dz3lpyipljWIDz9QsaW5a+</latexit><latexit sha1_base64="lwtekUUqSQReXC9b3pOXGXks+z4=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD8gDWWz3bRLdzdhd6OUEPA3eNWzN/HqX/HoP3Hb5mBbHww83pthZl6YcKaN6347pbX1jc2t8nZlZ3dv/6B6eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfTP3OI1WaxfLBTBIaCDyULGIEGyt1/V4osqc86Fdrbt2dAa0SryA1KNDsV396g5ikgkpDONba99zEBBlWhhFO80ov1TTBZIyH1LdUYkF1kM3uzdGZVQYoipUtadBM/TuRYaH1RIS2U2Az0sveVPzP81MTXQcZk0lqqCTzRVHKkYnR9Hk0YIoSwyeWYKKYvRWREVaYGBvRwpZQ5DYTbzmBVdK+qHtu3bu/rDXuinTKcAKncA4eXEEDbqEJLSDA4QVe4c15dt6dD+dz3lpyipljWIDz9QsaW5a+</latexit><latexit sha1_base64="lwtekUUqSQReXC9b3pOXGXks+z4=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD8gDWWz3bRLdzdhd6OUEPA3eNWzN/HqX/HoP3Hb5mBbHww83pthZl6YcKaN6347pbX1jc2t8nZlZ3dv/6B6eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfTP3OI1WaxfLBTBIaCDyULGIEGyt1/V4osqc86Fdrbt2dAa0SryA1KNDsV396g5ikgkpDONba99zEBBlWhhFO80ov1TTBZIyH1LdUYkF1kM3uzdGZVQYoipUtadBM/TuRYaH1RIS2U2Az0sveVPzP81MTXQcZk0lqqCTzRVHKkYnR9Hk0YIoSwyeWYKKYvRWREVaYGBvRwpZQ5DYTbzmBVdK+qHtu3bu/rDXuinTKcAKncA4eXEEDbqEJLSDA4QVe4c15dt6dD+dz3lpyipljWIDz9QsaW5a+</latexit><latexit sha1_base64="lwtekUUqSQReXC9b3pOXGXks+z4=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD8gDWWz3bRLdzdhd6OUEPA3eNWzN/HqX/HoP3Hb5mBbHww83pthZl6YcKaN6347pbX1jc2t8nZlZ3dv/6B6eNTWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfTP3OI1WaxfLBTBIaCDyULGIEGyt1/V4osqc86Fdrbt2dAa0SryA1KNDsV396g5ikgkpDONba99zEBBlWhhFO80ov1TTBZIyH1LdUYkF1kM3uzdGZVQYoipUtadBM/TuRYaH1RIS2U2Az0sveVPzP81MTXQcZk0lqqCTzRVHKkYnR9Hk0YIoSwyeWYKKYvRWREVaYGBvRwpZQ5DYTbzmBVdK+qHtu3bu/rDXuinTKcAKncA4eXEEDbqEJLSDA4QVe4c15dt6dD+dz3lpyipljWIDz9QsaW5a+</latexit>

↵k
<latexit sha1_base64="UsVRsXGQtcWEmfNQr3HN5eQcZ/E=">AAACB3icbVDLSsNAFL2pr1ofjbp0EyyCq5KIoMuCG1dSwT6gCWEynbRDZyZhZiKUkA/wG9zq2p249TNc+idO2yxs64ELh3Pu5VxOlDKqtOt+W5WNza3tnepubW//4LBuHx13VZJJTDo4YYnsR0gRRgXpaKoZ6aeSIB4x0osmtzO/90Skool41NOUBByNBI0pRtpIoV3P/YjnPmLpGBVFOAnthtt053DWiVeSBpRoh/aPP0xwxonQmCGlBp6b6iBHUlPMSFHzM0VShCdoRAaGCsSJCvL544VzbpShEyfSjNDOXP17kSOu1JRHZpMjPVar3kz8zxtkOr4JcirSTBOBF0FxxhydOLMWnCGVBGs2NQRhSc2vDh4jibA2XS2lRLwwnXirDayT7mXTc5vew1WjdV+2U4VTOIML8OAaWnAHbegAhgxe4BXerGfr3fqwPherFau8OYElWF+/X6uaKg==</latexit><latexit sha1_base64="UsVRsXGQtcWEmfNQr3HN5eQcZ/E=">AAACB3icbVDLSsNAFL2pr1ofjbp0EyyCq5KIoMuCG1dSwT6gCWEynbRDZyZhZiKUkA/wG9zq2p249TNc+idO2yxs64ELh3Pu5VxOlDKqtOt+W5WNza3tnepubW//4LBuHx13VZJJTDo4YYnsR0gRRgXpaKoZ6aeSIB4x0osmtzO/90Skool41NOUBByNBI0pRtpIoV3P/YjnPmLpGBVFOAnthtt053DWiVeSBpRoh/aPP0xwxonQmCGlBp6b6iBHUlPMSFHzM0VShCdoRAaGCsSJCvL544VzbpShEyfSjNDOXP17kSOu1JRHZpMjPVar3kz8zxtkOr4JcirSTBOBF0FxxhydOLMWnCGVBGs2NQRhSc2vDh4jibA2XS2lRLwwnXirDayT7mXTc5vew1WjdV+2U4VTOIML8OAaWnAHbegAhgxe4BXerGfr3fqwPherFau8OYElWF+/X6uaKg==</latexit><latexit sha1_base64="UsVRsXGQtcWEmfNQr3HN5eQcZ/E=">AAACB3icbVDLSsNAFL2pr1ofjbp0EyyCq5KIoMuCG1dSwT6gCWEynbRDZyZhZiKUkA/wG9zq2p249TNc+idO2yxs64ELh3Pu5VxOlDKqtOt+W5WNza3tnepubW//4LBuHx13VZJJTDo4YYnsR0gRRgXpaKoZ6aeSIB4x0osmtzO/90Skool41NOUBByNBI0pRtpIoV3P/YjnPmLpGBVFOAnthtt053DWiVeSBpRoh/aPP0xwxonQmCGlBp6b6iBHUlPMSFHzM0VShCdoRAaGCsSJCvL544VzbpShEyfSjNDOXP17kSOu1JRHZpMjPVar3kz8zxtkOr4JcirSTBOBF0FxxhydOLMWnCGVBGs2NQRhSc2vDh4jibA2XS2lRLwwnXirDayT7mXTc5vew1WjdV+2U4VTOIML8OAaWnAHbegAhgxe4BXerGfr3fqwPherFau8OYElWF+/X6uaKg==</latexit><latexit sha1_base64="UsVRsXGQtcWEmfNQr3HN5eQcZ/E=">AAACB3icbVDLSsNAFL2pr1ofjbp0EyyCq5KIoMuCG1dSwT6gCWEynbRDZyZhZiKUkA/wG9zq2p249TNc+idO2yxs64ELh3Pu5VxOlDKqtOt+W5WNza3tnepubW//4LBuHx13VZJJTDo4YYnsR0gRRgXpaKoZ6aeSIB4x0osmtzO/90Skool41NOUBByNBI0pRtpIoV3P/YjnPmLpGBVFOAnthtt053DWiVeSBpRoh/aPP0xwxonQmCGlBp6b6iBHUlPMSFHzM0VShCdoRAaGCsSJCvL544VzbpShEyfSjNDOXP17kSOu1JRHZpMjPVar3kz8zxtkOr4JcirSTBOBF0FxxhydOLMWnCGVBGs2NQRhSc2vDh4jibA2XS2lRLwwnXirDayT7mXTc5vew1WjdV+2U4VTOIML8OAaWnAHbegAhgxe4BXerGfr3fqwPherFau8OYElWF+/X6uaKg==</latexit>

[�̃]
<latexit sha1_base64="8ZvkSRXkcHJvLiXspS46nyCo8dI=">AAACDHicbVDLSsNAFJ3UV62v+ti5CRbBVUlE0GXBjSupYFuhCWUyuW2HziRh5kaoIb/gN7jVtTtx6z+49E+ctlnY1gMXDufcy7mcIBFco+N8W6WV1bX1jfJmZWt7Z3evun/Q1nGqGLRYLGL1EFANgkfQQo4CHhIFVAYCOsHoeuJ3HkFpHkf3OE7Al3QQ8T5nFI3Uqx51PeQihMwLpBlAmud+r1pz6s4U9jJxC1IjBZq96o8XxiyVECETVOuu6yToZ1QhZwLyipdqSCgb0QF0DY2oBO1n0+9z+9Qood2PlZkI7an69yKjUuuxDMympDjUi95E/M/rpti/8jMeJSlCxGZB/VTYGNuTKuyQK2AoxoZQprj51WZDqihDU9hcSiBz04m72MAyaZ/XXafu3l3UGrdFO2VyTE7IGXHJJWmQG9IkLcLIE3khr+TNerberQ/rc7ZasoqbQzIH6+sXSv6cTg==</latexit><latexit sha1_base64="8ZvkSRXkcHJvLiXspS46nyCo8dI=">AAACDHicbVDLSsNAFJ3UV62v+ti5CRbBVUlE0GXBjSupYFuhCWUyuW2HziRh5kaoIb/gN7jVtTtx6z+49E+ctlnY1gMXDufcy7mcIBFco+N8W6WV1bX1jfJmZWt7Z3evun/Q1nGqGLRYLGL1EFANgkfQQo4CHhIFVAYCOsHoeuJ3HkFpHkf3OE7Al3QQ8T5nFI3Uqx51PeQihMwLpBlAmud+r1pz6s4U9jJxC1IjBZq96o8XxiyVECETVOuu6yToZ1QhZwLyipdqSCgb0QF0DY2oBO1n0+9z+9Qood2PlZkI7an69yKjUuuxDMympDjUi95E/M/rpti/8jMeJSlCxGZB/VTYGNuTKuyQK2AoxoZQprj51WZDqihDU9hcSiBz04m72MAyaZ/XXafu3l3UGrdFO2VyTE7IGXHJJWmQG9IkLcLIE3khr+TNerberQ/rc7ZasoqbQzIH6+sXSv6cTg==</latexit><latexit sha1_base64="8ZvkSRXkcHJvLiXspS46nyCo8dI=">AAACDHicbVDLSsNAFJ3UV62v+ti5CRbBVUlE0GXBjSupYFuhCWUyuW2HziRh5kaoIb/gN7jVtTtx6z+49E+ctlnY1gMXDufcy7mcIBFco+N8W6WV1bX1jfJmZWt7Z3evun/Q1nGqGLRYLGL1EFANgkfQQo4CHhIFVAYCOsHoeuJ3HkFpHkf3OE7Al3QQ8T5nFI3Uqx51PeQihMwLpBlAmud+r1pz6s4U9jJxC1IjBZq96o8XxiyVECETVOuu6yToZ1QhZwLyipdqSCgb0QF0DY2oBO1n0+9z+9Qood2PlZkI7an69yKjUuuxDMympDjUi95E/M/rpti/8jMeJSlCxGZB/VTYGNuTKuyQK2AoxoZQprj51WZDqihDU9hcSiBz04m72MAyaZ/XXafu3l3UGrdFO2VyTE7IGXHJJWmQG9IkLcLIE3khr+TNerberQ/rc7ZasoqbQzIH6+sXSv6cTg==</latexit><latexit sha1_base64="8ZvkSRXkcHJvLiXspS46nyCo8dI=">AAACDHicbVDLSsNAFJ3UV62v+ti5CRbBVUlE0GXBjSupYFuhCWUyuW2HziRh5kaoIb/gN7jVtTtx6z+49E+ctlnY1gMXDufcy7mcIBFco+N8W6WV1bX1jfJmZWt7Z3evun/Q1nGqGLRYLGL1EFANgkfQQo4CHhIFVAYCOsHoeuJ3HkFpHkf3OE7Al3QQ8T5nFI3Uqx51PeQihMwLpBlAmud+r1pz6s4U9jJxC1IjBZq96o8XxiyVECETVOuu6yToZ1QhZwLyipdqSCgb0QF0DY2oBO1n0+9z+9Qood2PlZkI7an69yKjUuuxDMympDjUi95E/M/rpti/8jMeJSlCxGZB/VTYGNuTKuyQK2AoxoZQprj51WZDqihDU9hcSiBz04m72MAyaZ/XXafu3l3UGrdFO2VyTE7IGXHJJWmQG9IkLcLIE3khr+TNerberQ/rc7ZasoqbQzIH6+sXSv6cTg==</latexit>

[⌘̃]
<latexit sha1_base64="+XPcXCXcTwJ8eCQh21zIFIQ88Hw=">AAACC3icbVDLSsNAFJ3UV62vapdugkVwVRIRdFlw40oq2Ac0oUwmt+3QmSTM3Agl5BP8Bre6didu/QiX/onTNgvbeuDC4Zx7OZcTJIJrdJxvq7SxubW9U96t7O0fHB5Vj086Ok4VgzaLRax6AdUgeARt5CiglyigMhDQDSa3M7/7BErzOHrEaQK+pKOIDzmjaKRBtdb3kIsQMi+QmQdI89wfVOtOw5nDXiduQeqkQGtQ/fHCmKUSImSCat13nQT9jCrkTEBe8VINCWUTOoK+oRGVoP1s/nxunxsltIexMhOhPVf/XmRUaj2VgdmUFMd61ZuJ/3n9FIc3fsajJEWI2CJomAobY3vWhB1yBQzF1BDKFDe/2mxMFWVo+lpKCWRuOnFXG1gnncuG6zTch6t6875op0xOyRm5IC65Jk1yR1qkTRiZkhfySt6sZ+vd+rA+F6slq7ipkSVYX7+D4Zvi</latexit><latexit sha1_base64="+XPcXCXcTwJ8eCQh21zIFIQ88Hw=">AAACC3icbVDLSsNAFJ3UV62vapdugkVwVRIRdFlw40oq2Ac0oUwmt+3QmSTM3Agl5BP8Bre6didu/QiX/onTNgvbeuDC4Zx7OZcTJIJrdJxvq7SxubW9U96t7O0fHB5Vj086Ok4VgzaLRax6AdUgeARt5CiglyigMhDQDSa3M7/7BErzOHrEaQK+pKOIDzmjaKRBtdb3kIsQMi+QmQdI89wfVOtOw5nDXiduQeqkQGtQ/fHCmKUSImSCat13nQT9jCrkTEBe8VINCWUTOoK+oRGVoP1s/nxunxsltIexMhOhPVf/XmRUaj2VgdmUFMd61ZuJ/3n9FIc3fsajJEWI2CJomAobY3vWhB1yBQzF1BDKFDe/2mxMFWVo+lpKCWRuOnFXG1gnncuG6zTch6t6875op0xOyRm5IC65Jk1yR1qkTRiZkhfySt6sZ+vd+rA+F6slq7ipkSVYX7+D4Zvi</latexit><latexit sha1_base64="+XPcXCXcTwJ8eCQh21zIFIQ88Hw=">AAACC3icbVDLSsNAFJ3UV62vapdugkVwVRIRdFlw40oq2Ac0oUwmt+3QmSTM3Agl5BP8Bre6didu/QiX/onTNgvbeuDC4Zx7OZcTJIJrdJxvq7SxubW9U96t7O0fHB5Vj086Ok4VgzaLRax6AdUgeARt5CiglyigMhDQDSa3M7/7BErzOHrEaQK+pKOIDzmjaKRBtdb3kIsQMi+QmQdI89wfVOtOw5nDXiduQeqkQGtQ/fHCmKUSImSCat13nQT9jCrkTEBe8VINCWUTOoK+oRGVoP1s/nxunxsltIexMhOhPVf/XmRUaj2VgdmUFMd61ZuJ/3n9FIc3fsajJEWI2CJomAobY3vWhB1yBQzF1BDKFDe/2mxMFWVo+lpKCWRuOnFXG1gnncuG6zTch6t6875op0xOyRm5IC65Jk1yR1qkTRiZkhfySt6sZ+vd+rA+F6slq7ipkSVYX7+D4Zvi</latexit><latexit sha1_base64="+XPcXCXcTwJ8eCQh21zIFIQ88Hw=">AAACC3icbVDLSsNAFJ3UV62vapdugkVwVRIRdFlw40oq2Ac0oUwmt+3QmSTM3Agl5BP8Bre6didu/QiX/onTNgvbeuDC4Zx7OZcTJIJrdJxvq7SxubW9U96t7O0fHB5Vj086Ok4VgzaLRax6AdUgeARt5CiglyigMhDQDSa3M7/7BErzOHrEaQK+pKOIDzmjaKRBtdb3kIsQMi+QmQdI89wfVOtOw5nDXiduQeqkQGtQ/fHCmKUSImSCat13nQT9jCrkTEBe8VINCWUTOoK+oRGVoP1s/nxunxsltIexMhOhPVf/XmRUaj2VgdmUFMd61ZuJ/3n9FIc3fsajJEWI2CJomAobY3vWhB1yBQzF1BDKFDe/2mxMFWVo+lpKCWRuOnFXG1gnncuG6zTch6t6875op0xOyRm5IC65Jk1yR1qkTRiZkhfySt6sZ+vd+rA+F6slq7ipkSVYX7+D4Zvi</latexit>

⌘k
<latexit sha1_base64="Y5tWKhlY+lRFvM/QOSwDqUqc+c8=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBiyepYFshCWWznbRLd7NhdyOUkJO/wauevYlXf4lH/4nbNgfb+mDg8d4MM/OilDNtXPfbqaytb2xuVbdrO7t7+wf1w6Oulpmi0KGSS/UYEQ2cJdAxzHB4TBUQEXHoReObqd97AqWZTB7MJIVQkGHCYkaJsZIfRCIPwJCiP+7XG27TnQGvEq8kDVSi3a//BANJMwGJoZxo7XtuasKcKMMoh6IWZBpSQsdkCL6lCRGgw3x2coHPrDLAsVS2EoNn6t+JnAitJyKynYKYkV72puJ/np+Z+DrMWZJmBhI6XxRnHBuJp//jAVNADZ9YQqhi9lZMR0QRamxKC1siUdhMvOUEVkn3oum5Te/+stG6K9OpohN0is6Rh65QC92iNuogiiR6Qa/ozXl23p0P53PeWnHKmWO0AOfrF3TCmA0=</latexit><latexit sha1_base64="Y5tWKhlY+lRFvM/QOSwDqUqc+c8=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBiyepYFshCWWznbRLd7NhdyOUkJO/wauevYlXf4lH/4nbNgfb+mDg8d4MM/OilDNtXPfbqaytb2xuVbdrO7t7+wf1w6Oulpmi0KGSS/UYEQ2cJdAxzHB4TBUQEXHoReObqd97AqWZTB7MJIVQkGHCYkaJsZIfRCIPwJCiP+7XG27TnQGvEq8kDVSi3a//BANJMwGJoZxo7XtuasKcKMMoh6IWZBpSQsdkCL6lCRGgw3x2coHPrDLAsVS2EoNn6t+JnAitJyKynYKYkV72puJ/np+Z+DrMWZJmBhI6XxRnHBuJp//jAVNADZ9YQqhi9lZMR0QRamxKC1siUdhMvOUEVkn3oum5Te/+stG6K9OpohN0is6Rh65QC92iNuogiiR6Qa/ozXl23p0P53PeWnHKmWO0AOfrF3TCmA0=</latexit><latexit sha1_base64="Y5tWKhlY+lRFvM/QOSwDqUqc+c8=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBiyepYFshCWWznbRLd7NhdyOUkJO/wauevYlXf4lH/4nbNgfb+mDg8d4MM/OilDNtXPfbqaytb2xuVbdrO7t7+wf1w6Oulpmi0KGSS/UYEQ2cJdAxzHB4TBUQEXHoReObqd97AqWZTB7MJIVQkGHCYkaJsZIfRCIPwJCiP+7XG27TnQGvEq8kDVSi3a//BANJMwGJoZxo7XtuasKcKMMoh6IWZBpSQsdkCL6lCRGgw3x2coHPrDLAsVS2EoNn6t+JnAitJyKynYKYkV72puJ/np+Z+DrMWZJmBhI6XxRnHBuJp//jAVNADZ9YQqhi9lZMR0QRamxKC1siUdhMvOUEVkn3oum5Te/+stG6K9OpohN0is6Rh65QC92iNuogiiR6Qa/ozXl23p0P53PeWnHKmWO0AOfrF3TCmA0=</latexit><latexit sha1_base64="Y5tWKhlY+lRFvM/QOSwDqUqc+c8=">AAACAXicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPBiyepYFshCWWznbRLd7NhdyOUkJO/wauevYlXf4lH/4nbNgfb+mDg8d4MM/OilDNtXPfbqaytb2xuVbdrO7t7+wf1w6Oulpmi0KGSS/UYEQ2cJdAxzHB4TBUQEXHoReObqd97AqWZTB7MJIVQkGHCYkaJsZIfRCIPwJCiP+7XG27TnQGvEq8kDVSi3a//BANJMwGJoZxo7XtuasKcKMMoh6IWZBpSQsdkCL6lCRGgw3x2coHPrDLAsVS2EoNn6t+JnAitJyKynYKYkV72puJ/np+Z+DrMWZJmBhI6XxRnHBuJp//jAVNADZ9YQqhi9lZMR0QRamxKC1siUdhMvOUEVkn3oum5Te/+stG6K9OpohN0is6Rh65QC92iNuogiiR6Qa/ozXl23p0P53PeWnHKmWO0AOfrF3TCmA0=</latexit>

�k
<latexit sha1_base64="QK2TIaox1KNhbpCCXPU9P8pSjHY=">AAACAnicbVA9SwNBFNyLXzF+RS1tFoNgFe5E0DJgYyURTCLkjrC7eZcs2d07dveEcKTzN9hqbSe2/hFL/4mb5AqTOPBgmHmPeQxNBTfW97+90tr6xuZWebuys7u3f1A9PGqbJNMMWiwRiX6kxIDgClqWWwGPqQYiqYAOHd1M/c4TaMMT9WDHKUSSDBSPOSPWSWFIZR5SsGTSG/WqNb/uz4BXSVCQGirQ7FV/wn7CMgnKMkGM6QZ+aqOcaMuZgEklzAykhI3IALqOKiLBRPns5wk+c0ofx4l2oyyeqX8vciKNGUvqNiWxQ7PsTcX/vG5m4+so5yrNLCg2D4ozgW2CpwXgPtfArBg7Qpjm7lfMhkQTZl1NCylUTlwnwXIDq6R9UQ/8enB/WWvcFe2U0Qk6RecoQFeogW5RE7UQQyl6Qa/ozXv23r0P73O+WvKKm2O0AO/rFzhsmHk=</latexit><latexit sha1_base64="QK2TIaox1KNhbpCCXPU9P8pSjHY=">AAACAnicbVA9SwNBFNyLXzF+RS1tFoNgFe5E0DJgYyURTCLkjrC7eZcs2d07dveEcKTzN9hqbSe2/hFL/4mb5AqTOPBgmHmPeQxNBTfW97+90tr6xuZWebuys7u3f1A9PGqbJNMMWiwRiX6kxIDgClqWWwGPqQYiqYAOHd1M/c4TaMMT9WDHKUSSDBSPOSPWSWFIZR5SsGTSG/WqNb/uz4BXSVCQGirQ7FV/wn7CMgnKMkGM6QZ+aqOcaMuZgEklzAykhI3IALqOKiLBRPns5wk+c0ofx4l2oyyeqX8vciKNGUvqNiWxQ7PsTcX/vG5m4+so5yrNLCg2D4ozgW2CpwXgPtfArBg7Qpjm7lfMhkQTZl1NCylUTlwnwXIDq6R9UQ/8enB/WWvcFe2U0Qk6RecoQFeogW5RE7UQQyl6Qa/ozXv23r0P73O+WvKKm2O0AO/rFzhsmHk=</latexit><latexit sha1_base64="QK2TIaox1KNhbpCCXPU9P8pSjHY=">AAACAnicbVA9SwNBFNyLXzF+RS1tFoNgFe5E0DJgYyURTCLkjrC7eZcs2d07dveEcKTzN9hqbSe2/hFL/4mb5AqTOPBgmHmPeQxNBTfW97+90tr6xuZWebuys7u3f1A9PGqbJNMMWiwRiX6kxIDgClqWWwGPqQYiqYAOHd1M/c4TaMMT9WDHKUSSDBSPOSPWSWFIZR5SsGTSG/WqNb/uz4BXSVCQGirQ7FV/wn7CMgnKMkGM6QZ+aqOcaMuZgEklzAykhI3IALqOKiLBRPns5wk+c0ofx4l2oyyeqX8vciKNGUvqNiWxQ7PsTcX/vG5m4+so5yrNLCg2D4ozgW2CpwXgPtfArBg7Qpjm7lfMhkQTZl1NCylUTlwnwXIDq6R9UQ/8enB/WWvcFe2U0Qk6RecoQFeogW5RE7UQQyl6Qa/ozXv23r0P73O+WvKKm2O0AO/rFzhsmHk=</latexit><latexit sha1_base64="QK2TIaox1KNhbpCCXPU9P8pSjHY=">AAACAnicbVA9SwNBFNyLXzF+RS1tFoNgFe5E0DJgYyURTCLkjrC7eZcs2d07dveEcKTzN9hqbSe2/hFL/4mb5AqTOPBgmHmPeQxNBTfW97+90tr6xuZWebuys7u3f1A9PGqbJNMMWiwRiX6kxIDgClqWWwGPqQYiqYAOHd1M/c4TaMMT9WDHKUSSDBSPOSPWSWFIZR5SsGTSG/WqNb/uz4BXSVCQGirQ7FV/wn7CMgnKMkGM6QZ+aqOcaMuZgEklzAykhI3IALqOKiLBRPns5wk+c0ofx4l2oyyeqX8vciKNGUvqNiWxQ7PsTcX/vG5m4+so5yrNLCg2D4ozgW2CpwXgPtfArBg7Qpjm7lfMhkQTZl1NCylUTlwnwXIDq6R9UQ/8enB/WWvcFe2U0Qk6RecoQFeogW5RE7UQQyl6Qa/ozXv23r0P73O+WvKKm2O0AO/rFzhsmHk=</latexit>

act(·)
<latexit sha1_base64="BF2+jrgJULpT3uR4kbmAG5O3eKQ=">AAACC3icbZDLSsNAFIYnXmu9Rbt0EyxC3ZREBF0W3LiSCvYCTSiTyaQdOpOEmRMxhDyCz+BW1+7ErQ/h0jdx2mZhW3848POfcziHz084U2Db38ba+sbm1nZlp7q7t39waB4dd1WcSkI7JOax7PtYUc4i2gEGnPYTSbHwOe35k5tpv/dIpWJx9ABZQj2BRxELGcGgo6FZc4E+AUCOCRQNlwQxnA/Nut20Z7JWjVOaOirVHpo/bhCTVNAICMdKDRw7AS/HEhjhtKi6qaIJJhM8ogNtIyyo8vLZ84V1ppPACmOpKwJrlv7dyLFQKhO+nhQYxmq5Nw3/6w1SCK+9nEVJCjQi80Nhyi2IrSkJK2CSEuCZNphIpn+1yBhLDULzWrjii0IzcZYJrJruRdOxm879Zb11V9KpoBN0ihrIQVeohW5RG3UQQRl6Qa/ozXg23o0P43M+umaUOzW0IOPrFxZnm5s=</latexit><latexit sha1_base64="BF2+jrgJULpT3uR4kbmAG5O3eKQ=">AAACC3icbZDLSsNAFIYnXmu9Rbt0EyxC3ZREBF0W3LiSCvYCTSiTyaQdOpOEmRMxhDyCz+BW1+7ErQ/h0jdx2mZhW3848POfcziHz084U2Db38ba+sbm1nZlp7q7t39waB4dd1WcSkI7JOax7PtYUc4i2gEGnPYTSbHwOe35k5tpv/dIpWJx9ABZQj2BRxELGcGgo6FZc4E+AUCOCRQNlwQxnA/Nut20Z7JWjVOaOirVHpo/bhCTVNAICMdKDRw7AS/HEhjhtKi6qaIJJhM8ogNtIyyo8vLZ84V1ppPACmOpKwJrlv7dyLFQKhO+nhQYxmq5Nw3/6w1SCK+9nEVJCjQi80Nhyi2IrSkJK2CSEuCZNphIpn+1yBhLDULzWrjii0IzcZYJrJruRdOxm879Zb11V9KpoBN0ihrIQVeohW5RG3UQQRl6Qa/ozXg23o0P43M+umaUOzW0IOPrFxZnm5s=</latexit><latexit sha1_base64="BF2+jrgJULpT3uR4kbmAG5O3eKQ=">AAACC3icbZDLSsNAFIYnXmu9Rbt0EyxC3ZREBF0W3LiSCvYCTSiTyaQdOpOEmRMxhDyCz+BW1+7ErQ/h0jdx2mZhW3848POfcziHz084U2Db38ba+sbm1nZlp7q7t39waB4dd1WcSkI7JOax7PtYUc4i2gEGnPYTSbHwOe35k5tpv/dIpWJx9ABZQj2BRxELGcGgo6FZc4E+AUCOCRQNlwQxnA/Nut20Z7JWjVOaOirVHpo/bhCTVNAICMdKDRw7AS/HEhjhtKi6qaIJJhM8ogNtIyyo8vLZ84V1ppPACmOpKwJrlv7dyLFQKhO+nhQYxmq5Nw3/6w1SCK+9nEVJCjQi80Nhyi2IrSkJK2CSEuCZNphIpn+1yBhLDULzWrjii0IzcZYJrJruRdOxm879Zb11V9KpoBN0ihrIQVeohW5RG3UQQRl6Qa/ozXg23o0P43M+umaUOzW0IOPrFxZnm5s=</latexit><latexit sha1_base64="BF2+jrgJULpT3uR4kbmAG5O3eKQ=">AAACC3icbZDLSsNAFIYnXmu9Rbt0EyxC3ZREBF0W3LiSCvYCTSiTyaQdOpOEmRMxhDyCz+BW1+7ErQ/h0jdx2mZhW3848POfcziHz084U2Db38ba+sbm1nZlp7q7t39waB4dd1WcSkI7JOax7PtYUc4i2gEGnPYTSbHwOe35k5tpv/dIpWJx9ABZQj2BRxELGcGgo6FZc4E+AUCOCRQNlwQxnA/Nut20Z7JWjVOaOirVHpo/bhCTVNAICMdKDRw7AS/HEhjhtKi6qaIJJhM8ogNtIyyo8vLZ84V1ppPACmOpKwJrlv7dyLFQKhO+nhQYxmq5Nw3/6w1SCK+9nEVJCjQi80Nhyi2IrSkJK2CSEuCZNphIpn+1yBhLDULzWrjii0IzcZYJrJruRdOxm879Zb11V9KpoBN0ihrIQVeohW5RG3UQQRl6Qa/ozXg23o0P43M+umaUOzW0IOPrFxZnm5s=</latexit>

act(·)
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Figure 1: Recurrent Deep Survival Machines: The model involves first passing the set of input
covariates sampled over time {x1,x2, ...,xj} through the RNN, Φ(·) to obtain the corresponding set
of representations {x̃1, x̃2

i , ..., x̃
j} at each time step. The remaining Time-to-Event distribution is

then modeled as a mixture of parametric distributions where the parameters of the distributions
are functions of the input representations. The use of RNNs allows us to learn representations that
retain knowledge from previous times steps.

2.2. Deep Survival Machines

The key idea behind the original Deep Survival Machines model is to assume that the
conditional survival distribution of an individual with covariates x is a mixture of a fixed-size
parametric distributions like the Weibull or Log-Normal. The shape and scale parameters
of the underlying distributions, as well as the mixing weights, are implemented as a function
of the input covariates using neural networks. Thus:

P(T = t|X = x) =
∑
k

P(Z = k|X = x)P(T = t|X = x, Z = k). (1)

Here, P(Z = k|X = x) = softmax
(
f(Φ(x))

)
where f is a linear function and P(T =

t|X = x, Z = k) is Weibull or Log-Normal with shape and scale parameterized as functions
of the representation Φ(x).

lnP(T = t|X = x) = ln
∑
k

P(Z = k|X = x)P(T = t|X = x, Z = k)

≥
∑
k

P(Z = k|X = x) lnP(T = t|X = x, Z = k). (2)

In the original DSM model, the authors proposed to perform inference using a lower
bound to the maximum likelihood estimate under the above model as in Equation 2.

2.3. Structure of Recurrent DSM

Figure 1 gives a schematic description of our proposed approach. In order to allow RDSM to
incorporate streaming data inputs, we will extend our discussion and consider the remaining
time-to-event distribution T (j) at a timestep, j. Instead of treating this distribution as
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static as in standard survival settings, modeling it as a function of time allows capturing
the time varying effects of the input covariates.

Assumption 1 (Independent Censoring). For an individual with remaining time-to-event
distribution, T (j), censoring time C and set of observed covariates, X j till time j;

T (j) ⊥ C | X j

Assumption 1 is analogous to the standard assumptions of random (non-informative)
censoring in static survival analysis. This assumption is required for the purpose of iden-
tifiability. Assuming independent censoring, we can factorize the log-likelihood of the data
from an individual at a time step j with remaining time to event rj = t − τ j over the
censored and uncensored likelihood. We thus arrive at the following:

P({X j , rj , δ}) = P(T = rj |X j)δP(T > rj |X j)(1−δ). (3)

Assumption 2 (Statefulness). For an individual with event-time distribution at time j,
T (j) and the set of covariates observed till time-step j, X j;

T (j) ⊥ (X \ X j) | X j

Assumption 2 essentially states that the distribution of the remaining time-to-event at
time j, T (j) is completely characterized by the data at time steps preceding j. Although,
in practice, later events in the data stream might effect the final event-time t, notice here
that we consider the instantaneous event time distribution at time j, T (j) instead, which
we allow to evolve as more data is accrued. We require to make this assumption in order
to enable inferring event risks dynamically, in a streaming fashion.

2.4. Learning

In the case of time-varying covariates, we have access to the full data stream X and not just
a single feature vector x. We thus replace the learning objective with the following objective
modified to allow streaming (time-varying) data. For Maximum Likelihood Estimation we
can represent the log-likelihood of a single time-step of the data stream as follows:

L({X j , rj , δ}; θ) = (1− δ) lnP(T > rj |θ,X j) + δ lnP(T = rj |θ,X j). (4)

Where δ is an indicator of whether the individual experienced the event or was lost to follow-
up (censored) and θ is the set of parameters to be inferred. This is a direct consequence of
Equation 3. Now, leveraging the assumed statefulness, we can rewrite the loss factorized
over each time-step as:

P({r1, r2, ...rj}|θ,X j) =
∏
j

P(T = rj |θ,X j), or
∏
j

P(T > rj |θ,X j). (5)

From Equation 5 we can rewrite the loss in Equation 4 as a sum over each time-step as

L({X , t, δ}; θ) =
∑
j

(1− δ) lnP(T > rj |θ,X j) + δ lnP(T = rj |θ,X j).
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Here, P(T > rj |θ,X j) and P(T = rj |θ,X j) are functions of the input representation:

P(T = rj |θ,X j) =
∑
k

softmax(f
( #        »

RNN(X j)
)
)P
(
(T = rj |Z = k,

#        »

RNN(X j)
)
.

Note that here the term
#        »

RNN(·) refers to the output of the Recurrent Neural Network
(LSTM or GRU). P(T = rj |Z = k,

#        »

RNN(X j)) is obtained by making a parametric choice
(like the ‘Weibull’ distribution) and the shape and scale parameters for each Z modelled as
functions of

#        »

RNN(X j). P(T = rj |θ,X j) is defined similarly for the uncensored data.

And finally, the full log-likelihood over the entire dataset, D := {(Xi, ti, δi)}Ni=1 is:

L(D; θ) =

|D|∑
i

∑
j

(1− δi) lnP(T > rji |θ,X
j
i ) + δi lnP(T = rji |θ,X

j
i ).

Here we introduce subscript i to refer to a single individual in the dataset. This likelihood
can be optimized using a gradient based, first order optimizer. In practice, we optimize a
lower bound of the following likelihood similar to Equation 2 as was proposed for DSM.

3. Experiments

3.1. Task and Dataset

We work with the large publicly available dataset of over 50,000 ICU admissions from the
Beth Israel Deaconess Medical Center, MIMIC III (Johnson et al., 2016). In critical care
scenarios, it is of interest to be able to accurately quantify the Length-of-Stay (LOS) of an
admitted patient, and their in-hospital mortality. Such estimation allows decision makers to
help allocate adequate healthcare resources including staff and equipment, as well as get a
sense of the seriousness of the patient’s condition and guide their triage upon admission, and
treatment thereafter. For our experiments, we use MIMIC-extract (Wang et al., 2020) to
obtain a subset of all patients who were in the ICU for at least 30 hours. Our subset includes
all measurements including vital signs and medications administered, sampled every hour.
A stay at ICU can be terminated by either of the two competing events: Discharge, or
Death. For mortality prediction, we define the target variable to be time in the ICU from
admission till death, with discharge being a censoring event. For Length-of-Stay prediction,
the target variable is time from admission till discharge, with death being the censoring
event.

3.2. Evaluation

We use the first 24 hours of data from admission to estimate if the remaining ICU Length
of Stay would exceed 1, 3 or 7 days. Simultaneously, we aim to estimate if a patient would
experience death within the next 1, 3 or 7 days. Among 24,430 patients spending at least
30 hours in the ICU, 4,886 were used as a test set to evaluate the performance of models,
while the rest were left for training and hyper-parameter tuning. For both RDSM and the
baselines, the best set of hyperparameters were chosen to maximize the log-likelihood on a
development set consisting of 2,443 patients.
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We evaluate performance in terms of Area under the Receiver Operating Characteristic
curve (AuROC) and Brier score on a left-out test set for the two tasks: ‘Length of Stay’
and ‘Death’. Metrics were measured on the agglomerated risks computed every hour during
the first 24 hours after admission.

During evaluation, the AuROC and Brier Scores are computed by considering censor-
ing events as positive (negative) for Length-of-Stay (Mortality) prediction.2 The metrics
could also be adjusted to account for the censoring using Inverse Propensity of Censoring
Weighting (IPCW) by employing a Kaplan-Meier estimator of the censoring distribution
(Uno et al., 2007; Hung and Chiang, 2010) as is popular in survival analysis. We however
avoid this approach as in ICU or critical-care settings time-to-event (death) and censoring
time (discharge) are not independent, leading to biased estimates when adjusted using the
Kaplan-Meier estimator.

3.3. Baselines

We compare the performance of RDSM to the standard Deep Survival Machines (DSM)
model which assumes data at each time-step to be independent. We also benchmark perfor-
mance against the DeepSurv model that assumes proportional hazards and DeepHit model
that discretizes event times.

3.4. Hyperparameter Choices

We performed a simple grid search to coarsely optimize performance of the RDSM model.
The choices of hyperparameters include the type of the recurrent neural network cell (se-
lected from vanilla RNNs, LSTMs or GRUs), the batch size (selected from {125, 250}),
the learning rate ({1× 10−3, 1× 10−4}), the number of hidden layers ({1, 2, 3}), the di-
mensionality of the hidden layer ({50, 100, 200}), and the number of underlying parametric
distributions to use for the mixture (k ∈ {3, 4, 6}). For fair comparison the baseline mod-
els were also optimized over the same grid design as for RDSM. Additionally, all models
were trained using the Adam optimizer (Kingma and Ba, 2014). For fair comparison, we
employed early stopping by evaluating the likelihood on a 10% subset of the training set.

3.5. Results

As summarized in Tables 1 and 2, performance of the DSM model is improved by the use
of Recurrent Neural Networks across all the tasks, a clear indicator that considering time-
varying covariates allows to better model the multivariate longitudinal time series data such
as MIMIC-III. Furthermore RDSM demonstrates competitive performance when compared
to other published deep learning based survival approaches. As compared to approaches
such as DeepHit, RDSM does not involve discretization of the event times leading to risk
estimates that are better calibrated as well as making inference scalable.

2. This is an intuitive choice: a discharged patient is not likely to experience mortality immediately post
ICU admission. Similarly, a dead patient most likely had poor physiology and would end up with a
longer ICU length of stay. Note: This adjustment is only made during evaluation. At training time
censored observations are treated as censored.
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Model Death<1 Death<3 Death<7 LOS>1 LOS>3 LOS>7

DeepSurv 0.897 (0.004) 0.859 (0.003) 0.841 (0.002) 0.740 (0.002) 0.715 (0.002) 0.756 (0.003)
DeepHit 0.897 (0.004) 0.859 (0.003) 0.798 (0.003) 0.851 (0.001) 0.724 (0.001) 0.786 (0.002)
DSM 0.898 (0.004) 0.863 (0.002) 0.846 (0.002) 0.819 (0.002) 0.737 (0.001) 0.801 (0.001)
RDSM 0.923 (0.003) 0.890 (0.002) 0.872 (0.002) 0.864 (0.002) 0.740 (0.002) 0.796 (0.003)

Table 1: Area under ROC Curves on the MIMIC-III dataset for Length of Stay (LOS) and Mortality
Prediction (Death). (95% CIs were generated by bootstrapping the test set, DSM: Deep Survival
Machines, RDSM: Recurrent Deep Survival Machines)

Model Death<1 Death<3 Death<7 LOS>1 LOS>3 LOS>7

DeepSurv 0.005 (<0.001) 0.027 (<0.001) 0.058 (<0.001) 0.115 (<0.001) 0.215 (0.001) 0.096 (0.001)
DeepHit 0.005 (<0.001) 0.028 (<0.001) 0.168 (<0.001) 0.084 (0.001) 0.224 (<0.001) 0.100 (0.001)
DSM 0.005 (<0.001) 0.027 (<0.001) 0.059 (<0.001) 0.080 (0.001) 0.198 (<0.001) 0.088 (0.001)
RDSM 0.005 (<0.001) 0.026 (0.001) 0.059 (0.002) 0.073 (<0.001) 0.193 (0.001) 0.091 (0.001)

Table 2: Brier score on the MIMIC-III dataset for Length of Stay (LOS) and Mortality Prediction
(Death). (95% CIs were generated by bootstrapping the test set, DSM: Deep Survival Machines,
RDSM: Recurrent Deep Survival Machines)

4. Discussion

We observe that the proposed approach shows leading performance when making predictions
at shorter horizons of time, while still being comparable at longer horizons. We believe that
these results can be further improved by making more appropriate parametric choices to
model the event time distributions. Further research will involve more flexible parametric
assumptions to encourage robust performance across a wide range of time horizons.

We have demonstrated that the use of recurrent neural architectures helps improve rep-
resentation learning capability for data with time-varying covariates such as time series
vital signs. Currently, the MIMIC data we work with were preprocessed to obtain hourly
resolution data by aggregating observations at regular intervals and imputing missing en-
tries. There are significant challenges with such real-world healthcare data including missing
values and irregular sampling frequencies. Extensions to RDSM could involve integrating
handling of missing data into the overall process. The use of RNNs for data imputation
as has been demonstrated to have utility in clinical contexts like for example, the GRU-D
model (Che et al., 2018). In addition, irregularly or asynchronously sampled time series
could be directly handled by time aware RNNs without imputation as shown in Baytas
et al. (2017) and Rubanova et al. (2019).

Extensions could also involve the use of attention in order to capture and characterize
specific events in the patients history relevant to the outcome of interest enabling studies
towards establishing causal relationships between observable factors and outcomes in such
data. Future work could also involve the use of generative models or adversarial training to
better learn robust representations of the temporal data.

5. Related Work

The surge of deep learning methods for machine learning have prompted related research
in the use of deep learning for augmenting classic survival models. Katzman et al. (2016)
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propose DeepSurv, a proportional hazard model where relative risks are estimated using a
neural network. DeepSurv allows to model non-linear proportional hazards however, is still
restricted to the strong cox assumptions of proportional hazards. Recently Nagpal et al.
(2021b) proposed a mixture of Cox models to overcome the PH assumption.

Lee et al. (2019) propose DeepHit that involves discretizing the event space with fixed
intervals and treating the survival analysis problem as binary classification over these hori-
zons. DeepHit has competitive performance by alleviating the proportional hazards as-
sumption but scales poorly to large datasets especially at longer horizons. Ren et al. (2019)
propose an RNN based model but only in the context of static features and do not discuss
time-varying covariates.

Apart from Deep Learning approaches popular approaches for survival analysis also
include non-parametric techniques including Random Survival Forests (Ishwaran et al.,
2008) and Gaussian Processes (Fernández et al., 2016; Alaa and van der Schaar, 2017).

Statistical methods for longitudinal data have proposed to model censored survival data
by analysing different follow up times, commonly known as landmark times. These ap-
proaches involve building separate models for each time (Van Houwelingen, 2007). Two
stage landmarking have been explored to model the disease evolution within those inter-
vals and extract meaningful representations which are then used to build standard survival
regression models van Houwelingen and Putter (2011).

Another approach aims to model longitudinal and survival outcomes simultaneously
by sharing a latent representation (Henderson et al., 2000). This joint modeling benefits
from shared knowledge between models but suffers from intractability and computational
complexity.

Modern ML methods for modeling time-to-event outcomes in the presence of time-
varying covariates are relative understudied. Lee et al. (2019) propose Dynamic-DeepHit
involving recurrent neural networks but suffers from similar limitations as the original Deep-
Hit model. In a similar vein, Jarrett et al. (2019) further propose MatchNet involving
temporal convolution networks.

6. Conclusion

We proposed an extension of the Deep Survival Machines model to handle temporal data
with time-varying coefficients. Our approach uses recurrent neural networks to handle long
term temporal dependencies in the input data stream. Our approach obtained favorable
results from empirical evaluation of ourimodel on predicting in-hosptial ICU mortality and
length of stay. We also made the software implementation of our tool available to the
survival analysis research community online as an open source package.

In the future, we envision extensions that employ generative techniques to impute miss-
ing data in clinical time series (Lipton et al., 2016) as well as subgroup discovery to identify
most at-risk sub-populations (Nagpal et al., 2020).
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