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ABSTRACT
Modern location-based systems have stimulated explosive growth

of urban trajectory data and promoted many real-world applica-

tions, e.g., trajectory prediction. However, heavy big data processing
overhead and privacy concerns hinder trajectory acquisition and

utilization. Inspired by regular trajectory distribution on transporta-

tion road networks, we propose to model trajectory data privately

with a deep generative model and leverage the model to generate

representative trajectories for downstream tasks or directly sup-

port these tasks (e.g., popularity ranking), rather than acquiring

and processing the original big trajectory data. Nevertheless, it

is rather challenging to model high-dimensional trajectories with

time-varying yet skewed distribution. To address this problem, we

model and generate trajectory sequence with judiciously encoded

spatio-temporal features over skewed distribution by leveraging an

important factor neglected by the literature –the underlying road

properties (e.g., road types and directions), which are closely related
to trajectory distribution. Specifically, we decompose trajectory into

map-matched road sequence with temporal information and embed

them to encode spatio-temporal features. Then, we enhance trajec-

tory representation by encoding inherent route planning patterns

from the underlying road properties. Later, we encode spatial cor-

relations among edges and daily and weekly temporal periodicity

information. Next, we employ a meta-learning module to generate

trajectory sequence step by step by learning generalized trajec-

tory distribution patterns from skewed trajectory data based on

the well-encoded trajectory prefix. Last but not least, we preserve

trajectory privacy by learning the model differential privately with

clipping gradients. Experiments on real-world datasets show that

our method significantly outperforms existing methods.
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1 INTRODUCTION
Advances in vehicle-embedded sensors and mobile location-based

services have generated big trajectory data and boosted urban

trajectory data applications [13, 47].

Data analysts such as urban planners rely on accessible trajec-

tory data (e.g., data published by online car-hailing platforms
1
) to

generate insights for strategic planning. However, heavy trajectory

maintenance and processing overhead and privacy concerns hinder

these applications.

Specifically, data analysts do not have too much computing re-

source for maintaining and processing big trajectory data, thus

they want to conduct lightweight analysis. Compression-based and

sampling-based methods are commonly adopted to alleviate this

issue [7, 30, 53, 58]. Nevertheless, the former still suffers heavy

trajectory decompression and processing overhead, while the latter

is time-consuming for a large sampling ratio and has poor per-

formance for a small sampling ratio. Furthermore, these methods

raise privacy concerns because urban trajectories contain sensitive

individual information ( e.g., unique moving patterns) and are not

safe for publishing. Although there are some privacy-preserving

trajectory data publishing methods [18, 19], their trajectory model-

ing and privacy-preserving approaches have practical limitations.

First, they model raw trajectories into geo-grids sequence and ne-

glect that trajectories are constrained on road networks. Second,

they preserve privacy by adding noises to trajectory prefixes, while

trajectory length is varying, which significantly reduces data util-

ity (especially long trajectory with more accumulative noise). Be-

sides, anonymization methods are vulnerable to attackers with

background knowledge [45].

Inspired by the fact that trajectories are regularly generated on

a road network with underlying moving patterns, we propose to

model trajectory data with a deep generative model such that: (a)

the model is lightweight, (b) the model is of high utility to support

the downstream trajectory applications, and (c) the model preserves

individual privacy, to address the above limitations. However, there

are two challenges to model map-matched trajectories. (C1) It is

hard to model real-world trajectories because their spatial route

distribution is time-varying. External spatio-temporal features such

as road network points of interests (POIs) and weather information

are often adopted to enhance trajectory modeling [47]. Neverthe-

less, the underlying road network properties (e.g., road types and

road directions) which are critical for capturing trajectory rout-

ing patterns are overlooked in existing trajectory works. We show

that road properties are closely related to and thus important to

1
https://movement.uber.com; https://outreach.didichuxing.com
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Figure 1: Trajectory spatial distribution is closely related
to road types. Trajectory origins and destinations are more
likely to be on residential or tertiary roads, while trajectory
route pass more higher-level roads, e.g., primary roads.

model trajectory distribution with an example of trajectory spatial

distribution on different road types in Figure 1. (C2) It is hard to

model real-world trajectories because trajectory data are high di-

mensional with respect to the number of route edges and have very

skewed distribution on the road network [60]. Although prevalent

spatio-temporal graph convolutional models [39] are shown to be

effective on modeling common graph node or edge attributes, they

are not effective enough for modeling high-dimensional yet skewed

trajectories (will be shown in experiments).

To address the above challenges, we propose a deep generative

model named MTNet to effectively model high-dimensional yet

skewed trajectory data by fully leveraging the underlying road

properties. Firstly, in addition to spatial route edge and temporal

departure and travel time features of trajectory, we also collect the

important road properties from OpenStreetMap and encode them

into road meta knowledge to enhance spatio-temporal trajectory

representation, to address the challenge C1. Specifically, MTNet
decomposes a trajectory into a map-matched road sequence with

corresponding departure time and travel time of each passing road.

We (i) embed road, departure time slot and time-invariant influenc-

ing factors into hidden feature vectors; (ii) encode the underlying

road properties into road meta knowledge to capture inherent route

planning patterns; (iii) encode spatial correlations among edges

with graph embedding techniques [17]; and (iv) encode daily and

weekly temporal periodicity information with temporal graph[52].

Secondly, MTNet employs a knowledge-based meta-learning mod-

ule to generate high-dimensional trajectory step by step by learning

generalized trajectory distribution patterns from skewed trajecto-

ries, to address the challenge C2. Specifically, given an encoded

trajectory prefix and the corresponding road meta knowledge, MT-
Net generates a possible subsequent road with selection probability

and its travel time. By recursively taking as input the preceding

road,MTNet extends the encoded trajectory prefix and outputs a

subsequent road, until a complete trajectory is finally generated.

Last but not least, we preserve the privacy of trajectories for learn-

ingMTNet by adopting differentially private training techniques

with clipping gradients [1], where we control gradients from a

single trajectory as a whole and improve the utility.

Leveraging well-encoded spatio-temporal trajectory features

and inherent road meta knowledge based on the above designs,

Table 1: Notations

Notation Definition
⟨𝑙𝑎𝑡, 𝑙𝑛𝑔, 𝑡𝑠𝑡𝑎𝑚𝑝 ⟩1:𝐿𝑟 Raw trajectory sequence

⟨𝑥, 𝑡𝑑, 𝑡𝑐 ⟩1:𝐿 Map-matched trajectory sequence

𝑥, 𝑡𝑑, 𝑡𝑐 Route edge, departure time and travel time

𝜏 (𝑡𝑑) Discrete departure time slot of 𝑡𝑑

𝑊𝑥 ,𝑊𝜏 ,𝑊𝑡𝑐 Trajectory embedding matrices

𝑥𝑒, 𝑡𝑒 Edge and departure time slot embedding vector

𝑁𝜏 Number of departure time slots

𝐿𝑟 , 𝐿 Raw and map matched trajectory sequence length

𝑡 Sequence generation step, 𝑡 ∈ [1, 𝐿]

𝑧 Gaussian noise sampled from N(0, 1)

𝑑𝑥𝑒 , 𝑑𝑡𝑒 , 𝑑𝑧 Dimension of 𝑥𝑒, 𝑡𝑒 and 𝑧

𝑊 𝑠𝑜𝑓 𝑡 ,𝑊 𝑠𝑖𝑔
Neural weights output from MetaLearner

ℎ,ℎ𝑥 , ℎ𝑡𝑐 hidden state of LSTMs, 𝑥 and its travel time

𝑑ℎ, 𝑑𝑜 Dimension of ℎ and of𝑊 𝑠𝑜𝑓 𝑡 ,𝑊 𝑠𝑖𝑔, ℎ𝑥 , ℎ𝑡𝑐

MTNet can not only generate representative trajectories with close-

to-real-data statistics in intended granularities, but also directly

support multiple real-world trajectory applications [5, 48], without

further maintaining and processing a large scale trajectory data.

Specifically, we support (i) Trajectory popularity ranking [8, 49].

Given a candidate set of trajectories, MTNet can estimate the time-

dependent appearance probability (or popularity) for each of them.

(ii) Trajectory suffix prediction[28]. Given an input trajectory prefix,

MTNet can predict the most probable trajectory suffix. (iii) Time-

dependent travel time estimation [57]. Given a trajectory and a

departure time, MTNet can predict the travel time on each passed

road segment. Note thatMTNet is designed for publishing trajec-

tory privately and periodically, which aims to support downstream

applications on historical trajectories conveniently and effectively.

We need to retrain the model to adapt to the new patterns when

confronted with sudden and drastic shifts such as COVID-19.

In summary, we make the following contributions with MTNet.
(1) We formalize map-matched trajectory modeling problem with

both spatio-temporal information, and formulate trajectory genera-

tive model for supporting trajectory applications (Section 2).

(2) We encode trajectory sequence with spatio-temporal features,

underlying road meta knowledge, spatial correlations among road

edges and temporal periodicity information, to enhance trajectory

modeling ability (Section 3.1 and 3.2).

(3) We propose a deep generative model namedMTNet to model

skewed trajectory data based on the above well-encoded trajectory

features (Section 3.3). We leverage MTNet to generate synthetic

yet realistic trajectories for downstream applications and directly

support multiple trajectory applications (Section 3.4).

(4) We illustrate how to learn MTNet differential privately with

clipping gradients (Section 4).

(5) We conducted comprehensive experiments on two real-world

datasets. The results show thatMTNet significantly outperforms

existing methods (Section 5).

2 PRELIMINARIES
2.1 Background
Raw Trajectory. A raw trajectory is a sequence of GPS points

with corresponding timestamps, denoted as ⟨𝑙𝑎𝑡, 𝑙𝑛𝑔, 𝑡𝑠𝑡𝑎𝑚𝑝⟩1:𝐿𝑟 =

(⟨𝑙𝑎𝑡, 𝑙𝑛𝑔, 𝑡𝑠𝑡𝑎𝑚𝑝⟩1, ⟨𝑙𝑎𝑡, 𝑙𝑛𝑔, 𝑡𝑠𝑡𝑎𝑚𝑝⟩2, · · · , ⟨𝑙𝑎𝑡, 𝑙𝑛𝑔, 𝑡𝑠𝑡𝑎𝑚𝑝⟩𝐿𝑟 ), in

which 𝐿𝑟 is the trajectory length. We use 𝑙𝑎𝑡1:𝐿𝑟 , 𝑙𝑛𝑔1:𝐿𝑟 , 𝑡𝑠𝑡𝑎𝑚𝑝1:𝐿𝑟

to denote latitude, longitude, timestamp sequences respectively.
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d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

(a) Satellite GPS-based

x(1)
<latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit>

x(2)
<latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit><latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit><latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit><latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit>

x(3)
<latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit>

x(4)
<latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit>

s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

offsets
<latexit sha1_base64="ZQ/c+uno/wADir+fzc1bIY0TEw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMhszPrTK8QQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSe1dRxbjj3bK1f8qj8HWSVBTiqQo94rf3X7mmUJV8gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FFE27DyfzeKTlzSp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnG1+FEqDRDrthiUZxJgprMnid9YThDOXaEMiPcrYQNqaEMXUQlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMJDwDK/w5j16L96797FoLXj5zDH8gff5A1GqkCM=</latexit><latexit sha1_base64="ZQ/c+uno/wADir+fzc1bIY0TEw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMhszPrTK8QQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSe1dRxbjj3bK1f8qj8HWSVBTiqQo94rf3X7mmUJV8gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FFE27DyfzeKTlzSp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnG1+FEqDRDrthiUZxJgprMnid9YThDOXaEMiPcrYQNqaEMXUQlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMJDwDK/w5j16L96797FoLXj5zDH8gff5A1GqkCM=</latexit><latexit sha1_base64="ZQ/c+uno/wADir+fzc1bIY0TEw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMhszPrTK8QQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSe1dRxbjj3bK1f8qj8HWSVBTiqQo94rf3X7mmUJV8gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FFE27DyfzeKTlzSp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnG1+FEqDRDrthiUZxJgprMnid9YThDOXaEMiPcrYQNqaEMXUQlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMJDwDK/w5j16L96797FoLXj5zDH8gff5A1GqkCM=</latexit><latexit sha1_base64="ZQ/c+uno/wADir+fzc1bIY0TEw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMhszPrTK8QQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSe1dRxbjj3bK1f8qj8HWSVBTiqQo94rf3X7mmUJV8gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FFE27DyfzeKTlzSp/E2rhSSObq74kJTawdJ5HrTCgO7bI3E//zOhnG1+FEqDRDrthiUZxJgprMnid9YThDOXaEMiPcrYQNqaEMXUQlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMJDwDK/w5j16L96797FoLXj5zDH8gff5A1GqkCM=</latexit>

offsett
<latexit sha1_base64="7UMFep8Q5SQktRZ4FIqigQZHXtc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ30mMSx5dhD0itX/Ko/B1klQU4qkKPeK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMdRTRW34WR+8JScOaVP4sS40kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShAQwUPMMrvHnGe/HevY9Fa8HLZ47hD7zPH6v6kE4=</latexit><latexit sha1_base64="7UMFep8Q5SQktRZ4FIqigQZHXtc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ30mMSx5dhD0itX/Ko/B1klQU4qkKPeK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMdRTRW34WR+8JScOaVP4sS40kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShAQwUPMMrvHnGe/HevY9Fa8HLZ47hD7zPH6v6kE4=</latexit><latexit sha1_base64="7UMFep8Q5SQktRZ4FIqigQZHXtc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ30mMSx5dhD0itX/Ko/B1klQU4qkKPeK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMdRTRW34WR+8JScOaVP4sS40kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShAQwUPMMrvHnGe/HevY9Fa8HLZ47hD7zPH6v6kE4=</latexit><latexit sha1_base64="7UMFep8Q5SQktRZ4FIqigQZHXtc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOZpMhM7PLTK8QQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcJzyUNGBFrFgFJ30mMSx5dhD0itX/Ko/B1klQU4qkKPeK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMdRTRW34WR+8JScOaVP4sS40kjm6u+JCVXWjlXkOhXFoV32ZuJ/XifD+DqcCJ1myDVbLIozSTAhs+9JXxjOUI4docwIdythQ2ooQ5dRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShAQwUPMMrvHnGe/HevY9Fa8HLZ47hD7zPH6v6kE4=</latexit>

td0
<latexit sha1_base64="3np1QwxmMPI4a7Vi6jbi9+z6ZKI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvNpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdkBgmuGQt5ChYN9WMJKFgnXB8O/M7T0wbruQDTlIWJGQoecwpQSu1MRrk3nRQrXl1bw53lfgFqUGB5qD61Y8UzRImkQpiTM/3UgxyopFTwaaVfmZYSuiYDFnPUkkSZoJ8fu3UPbNK5MZK25LoztXfEzlJjJkkoe1MCI7MsjcT//N6GcbXQc5lmiGTdLEozoSLyp297kZcM4piYgmhmttbXToimlC0AVVsCP7yy6ukfVH3vbp/f1lr3BRxlOEETuEcfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox6K15BQzx/AHzucPhzCPFQ==</latexit><latexit sha1_base64="3np1QwxmMPI4a7Vi6jbi9+z6ZKI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvNpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdkBgmuGQt5ChYN9WMJKFgnXB8O/M7T0wbruQDTlIWJGQoecwpQSu1MRrk3nRQrXl1bw53lfgFqUGB5qD61Y8UzRImkQpiTM/3UgxyopFTwaaVfmZYSuiYDFnPUkkSZoJ8fu3UPbNK5MZK25LoztXfEzlJjJkkoe1MCI7MsjcT//N6GcbXQc5lmiGTdLEozoSLyp297kZcM4piYgmhmttbXToimlC0AVVsCP7yy6ukfVH3vbp/f1lr3BRxlOEETuEcfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox6K15BQzx/AHzucPhzCPFQ==</latexit><latexit sha1_base64="3np1QwxmMPI4a7Vi6jbi9+z6ZKI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvNpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdkBgmuGQt5ChYN9WMJKFgnXB8O/M7T0wbruQDTlIWJGQoecwpQSu1MRrk3nRQrXl1bw53lfgFqUGB5qD61Y8UzRImkQpiTM/3UgxyopFTwaaVfmZYSuiYDFnPUkkSZoJ8fu3UPbNK5MZK25LoztXfEzlJjJkkoe1MCI7MsjcT//N6GcbXQc5lmiGTdLEozoSLyp297kZcM4piYgmhmttbXToimlC0AVVsCP7yy6ukfVH3vbp/f1lr3BRxlOEETuEcfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox6K15BQzx/AHzucPhzCPFQ==</latexit><latexit sha1_base64="3np1QwxmMPI4a7Vi6jbi9+z6ZKI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvNpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdkBgmuGQt5ChYN9WMJKFgnXB8O/M7T0wbruQDTlIWJGQoecwpQSu1MRrk3nRQrXl1bw53lfgFqUGB5qD61Y8UzRImkQpiTM/3UgxyopFTwaaVfmZYSuiYDFnPUkkSZoJ8fu3UPbNK5MZK25LoztXfEzlJjJkkoe1MCI7MsjcT//N6GcbXQc5lmiGTdLEozoSLyp297kZcM4piYgmhmttbXToimlC0AVVsCP7yy6ukfVH3vbp/f1lr3BRxlOEETuEcfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox6K15BQzx/AHzucPhzCPFQ==</latexit>

td1
<latexit sha1_base64="eMBqqrQawKLEMeTIJ3punZ2uc54=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VbC20S8lms21okl2SrFCW/gUvHhTx6h/y5r8x3e5BWx8MPN6bYWZemApurO9/e5W19Y3Nrep2bWd3b/+gfnjUNUmmKevQRCS6FxLDBFesY7kVrJdqRmQo2GM4uZ37j09MG56oBztNWSDJSPGYU2ILKRriYb3hN/0CaJXgkjSgRHtY/xpECc0kU5YKYkwf+6kNcqItp4LNaoPMsJTQCRmxvqOKSGaCvLh1hs6cEqE40a6URYX6eyIn0pipDF2nJHZslr25+J/Xz2x8HeRcpZllii4WxZlANkHzx1HENaNWTB0hVHN3K6Jjogm1Lp6aCwEvv7xKuhdN7Dfx/WWjdVPGUYUTOIVzwHAFLbiDNnSAwhie4RXePOm9eO/ex6K14pUzx/AH3ucPw0yOCg==</latexit><latexit sha1_base64="eMBqqrQawKLEMeTIJ3punZ2uc54=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VbC20S8lms21okl2SrFCW/gUvHhTx6h/y5r8x3e5BWx8MPN6bYWZemApurO9/e5W19Y3Nrep2bWd3b/+gfnjUNUmmKevQRCS6FxLDBFesY7kVrJdqRmQo2GM4uZ37j09MG56oBztNWSDJSPGYU2ILKRriYb3hN/0CaJXgkjSgRHtY/xpECc0kU5YKYkwf+6kNcqItp4LNaoPMsJTQCRmxvqOKSGaCvLh1hs6cEqE40a6URYX6eyIn0pipDF2nJHZslr25+J/Xz2x8HeRcpZllii4WxZlANkHzx1HENaNWTB0hVHN3K6Jjogm1Lp6aCwEvv7xKuhdN7Dfx/WWjdVPGUYUTOIVzwHAFLbiDNnSAwhie4RXePOm9eO/ex6K14pUzx/AH3ucPw0yOCg==</latexit><latexit sha1_base64="eMBqqrQawKLEMeTIJ3punZ2uc54=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VbC20S8lms21okl2SrFCW/gUvHhTx6h/y5r8x3e5BWx8MPN6bYWZemApurO9/e5W19Y3Nrep2bWd3b/+gfnjUNUmmKevQRCS6FxLDBFesY7kVrJdqRmQo2GM4uZ37j09MG56oBztNWSDJSPGYU2ILKRriYb3hN/0CaJXgkjSgRHtY/xpECc0kU5YKYkwf+6kNcqItp4LNaoPMsJTQCRmxvqOKSGaCvLh1hs6cEqE40a6URYX6eyIn0pipDF2nJHZslr25+J/Xz2x8HeRcpZllii4WxZlANkHzx1HENaNWTB0hVHN3K6Jjogm1Lp6aCwEvv7xKuhdN7Dfx/WWjdVPGUYUTOIVzwHAFLbiDNnSAwhie4RXePOm9eO/ex6K14pUzx/AH3ucPw0yOCg==</latexit><latexit sha1_base64="eMBqqrQawKLEMeTIJ3punZ2uc54=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VbC20S8lms21okl2SrFCW/gUvHhTx6h/y5r8x3e5BWx8MPN6bYWZemApurO9/e5W19Y3Nrep2bWd3b/+gfnjUNUmmKevQRCS6FxLDBFesY7kVrJdqRmQo2GM4uZ37j09MG56oBztNWSDJSPGYU2ILKRriYb3hN/0CaJXgkjSgRHtY/xpECc0kU5YKYkwf+6kNcqItp4LNaoPMsJTQCRmxvqOKSGaCvLh1hs6cEqE40a6URYX6eyIn0pipDF2nJHZslr25+J/Xz2x8HeRcpZllii4WxZlANkHzx1HENaNWTB0hVHN3K6Jjogm1Lp6aCwEvv7xKuhdN7Dfx/WWjdVPGUYUTOIVzwHAFLbiDNnSAwhie4RXePOm9eO/ex6K14pUzx/AH3ucPw0yOCg==</latexit>
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(b) Map Matched 

hlat, lng, tstampi2:5
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Figure 2: Satellite GPS based and Map-matched Trajectories

Example 1:[RawTrajectory] Consider trajectory (⟨30.6751, 104.0597,

1477998947⟩, · · · , ⟨30.6708, 104.0620, 1477999132⟩) from origin 𝑠 to

destination 𝑑 in Figure 2 (a). Each ⟨𝑙𝑎𝑡, 𝑙𝑛𝑔, 𝑡𝑠𝑡𝑎𝑚𝑝⟩𝑖 is a coordinate
with the timestamp when vehicle passes. The travel time from 𝑠 to

𝑑 is timestamp at 𝑑 minus timestamp at 𝑠 , i.e., 185 seconds. □

Road Networks. A road network is a directed graph 𝐺 = ⟨𝑉 , 𝐸⟩,
where 𝑉 is the vertex set, and 𝐸 is the edge set. Each 𝑥 ∈ 𝐸 is a

directed edge, i.e., a directed road segment. Here we use undirected

edges as an example for ease of presentation, and our method and

experiments are based on directed ones.

Map-matched Trajectory. A raw trajectory represented by times-

tamped GPS sequence can be matched to road networks, called

map-matched trajectory. A map-matched trajectory can be repre-

sented as ⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1:𝐿 = (⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1, · · · , ⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩𝐿), where 𝑥𝑖 is a

road segment, 𝑡𝑑𝑖 is the departure time at the start point of 𝑥𝑖 , 𝑡𝑐𝑖
denotes the travel time (i.e., 𝑡𝑐𝑖 = 𝑡𝑑𝑖+1 − 𝑡𝑑𝑖 ), and 𝐿 is the trajec-

tory sequence length. We denote the sequence of trajectory routes,

departure time, and travel time by 𝑥1:𝐿 , 𝑡𝑑1:𝐿 and 𝑡𝑐1:𝐿 , respectively.

Example 2:[Map-matched Trajectory] Consider a map-matched

trajectory (⟨𝑥 (1), 𝑡𝑑0, 𝑡𝑐0⟩, (⟨𝑥 (3), 𝑡𝑑1, 𝑡𝑐1⟩, ⟨𝑥 (4), 𝑡𝑑2, 𝑡𝑐2⟩) in Figure 2(b).
The road network has four connected edges, i.e., 𝑥 (1), 𝑥 (2), 𝑥 (3), 𝑥 (4)

.

Departure time 𝑡𝑑𝑡 and travel time 𝑡𝑐𝑡 , 𝑡 ∈ {0, 1, 2} for each passed

edge in Figure 2 (b) are computed based on linear interpolations

with coordinates and timestamps in Figure 2 (a). Trajectory origins

and destinations are aligned to corresponding edge joints, with

offsets offsets and offsetd. □

Differential Privacy. Differential privacy (DP) is a mathematical

property of a randomized algorithm to describe the level of privacy

preservation of individuals from the input dataset. Intuitively, DP

ensures that a user can only get aggregate information of the input

data, but cannot learn anything on a particular individual. Assume

any two neighboring trajectory datasets with only one different

trajectory. A randomized algorithm 𝐴 achieves (𝜖, 𝛿)-DP if for all

output subset 𝑆 of𝐴 and for any two neighboring trajectory datasets

𝐷 ∈ D, 𝐷′ ∈ D with only one different trajectory:

𝑃𝑟 [𝐴(𝐷) ∈ 𝑆] ≤ 𝑒𝜖𝑃𝑟 [𝐴(𝐷′) ∈ 𝑆] + 𝛿 (1)

where privacy level is measured by 𝜖 and 𝛿 , i.e., the smaller 𝜖 and

𝛿 are, the stronger the privacy is. Gaussian mechanism is widely

used to implement DP. For example, given a function 𝑓 : D → 𝑅𝑑 ,

it adds noise from Gaussian distribution N (0, 𝑆2

𝑓
𝜎2

), i.e., 𝐴(𝐷) =

{hx, td, tci1:L}
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{hx̂, t̂d, t̂ci1:L}
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Figure 3: Trajectory Modeling and Utilization

𝑓 (𝐷) +N (0, 𝑆2

𝑓
𝜎2

), where 𝑆𝑓 = max
neighboring 𝐷,𝐷 ′ | |𝑓 (𝐷)− 𝑓 (𝐷′)| |2

is the 𝐿2 sensitivity of 𝑓 and 𝜎 is the noise scale. For 𝜖 ∈ (0, 1), if

𝜎 ≥
√︁

2 ln(1.25/𝛿)/𝜖 , then 𝐴 satisfies (𝜖, 𝛿)-DP [10].

2.2 Trajectory Modeling and Utilization
We study the problem of trajectory modeling and utilization using

deep generative models with DP guarantee. We first model trajec-

tory distribution to quantify the utility of generated data. We then

propose trajectory generative model to model and support trajec-

tory generation. Finally, we discuss how to achieve DP guarantee.

Modeling Trajectory Distribution. Owing to various mixed influ-

encing factors (hidden variables), urban trajectories have complex

inherent patterns. Intuitively, a trajectory is generated step by step

from an origin edge to a destination edge with the corresponding

temporal information, where each edge is dependent on its trajec-

tory prefix. Consequently, given a trajectory dataset {⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1:𝐿},
its trajectory joint probability density function (PDF) can be formu-

lated as follows:

𝑓 (⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1:𝐿) = 𝑓 (⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1)︸          ︷︷          ︸
origin edge

𝐿∏
𝑡=2

𝑓 (⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩𝑡 |⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1:𝑡−1)︸                              ︷︷                              ︸
prefix dependent step 𝑡

= 𝑃𝑟 (𝑥1)𝑓 (𝑡𝑑1 |𝑥1)𝑓 (𝑡𝑐1 |𝑥1, 𝑡𝑑1) ·
𝐿∏
𝑡=2

𝑃𝑟 (𝑥𝑡 |𝑥1:𝑡−1, 𝑡𝑑𝑡 )𝑓 (𝑡𝑐𝑡 |𝑥𝑡 , 𝑡𝑑𝑡 )

where 𝑃𝑟 (𝑥1) is the probability distribution of the first edge 𝑥1,

𝑓 (𝑡𝑑1 |𝑥1) is the PDF of departure time 𝑡𝑑1 at 𝑥1, 𝑓 (𝑡𝑐1 |𝑥1, 𝑡𝑑1) is the

PDF of travel time 𝑡𝑐1 on 𝑥1 when depart at 𝑡𝑑1, 𝑃𝑟 (𝑥𝑡 |𝑥1:𝑡−1, 𝑡𝑑𝑡 )

and 𝑓 (𝑡𝑐𝑡 |𝑥𝑖 , 𝑡𝑑𝑖 ) are the conditional distribution of 𝑡-th edge 𝑥𝑡 and

its travel time 𝑡𝑐𝑡 , respectively. For ∀𝑡 ∈ [2, 𝐿], we have 𝑥𝑡 topologi-

cally constrained by it preceding edge 𝑥𝑖−1, and 𝑡𝑑𝑡 = 𝑡𝑑𝑡−1 + 𝑡𝑐𝑡−1.

It is very hard to directly model the above unknown (hidden) joint

distribution 𝑃𝑑 = 𝑓 (⟨𝑥, 𝑡𝑑, 𝑡𝑐⟩1:𝐿), as the distribution space grows

exponentially with respect to 𝐿. Thus, we propose to implicitly

approximate the real trajectory distribution with a deep generative

model. Formally, we learn a tractable generative model G to fit

the real urban trajectory generation 𝑃𝑑 , such that minimizing the

distribution distance between 𝑃𝑑 and G. In particular, we use a sym-

metric and smoothed measurement, Jensen-Shannon divergence

(JSD), to compute the distribution distance, i.e.,

min

1

2

E𝑋∼𝑃𝑑 [log

𝑃𝑑 (𝑋 )

𝑀
] +

1

2

E𝑋∼G[log

G(𝑋 )

𝑀
] (2)
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where 𝑋 is a trajectory from the real dataset or generated by G,
and 𝑀 =

1

2
(𝑃𝑑 (𝑋 ) + G(𝑋 )). It will be factorized as route edge and

destination marginal distribution distances in Section 5.1. Figure 3

presents the trajectory modeling and utilization problem.

Formulating Trajectory Generative Model G. Intuitively, real-
world trajectory data are generated from various origins at specific

departure time. Based on this observation, to flexibly support syn-

thetic trajectory generation in different granularities and support

multiple trajectory applications simultaneously, we formulate G as

a conditional generative model with origin edge and departure time

(of the following edge) as input conditions. We factorize trajectory

sequence generation into step by step route edge and travel time

generation process. Specifically,

G(⟨𝑥, ˆ𝑡𝑑, 𝑡𝑐⟩1:𝐿 |𝑥0, 𝑡𝑑1) =

𝐿∏
𝑡=1

G(𝑥𝑡 , 𝑡𝑐𝑡 |𝑥0:𝑡−1, ˆ𝑡𝑑1:𝑡 ) (3)

where 𝑥0 = 𝑥0 and
ˆ𝑡𝑑1 = 𝑡𝑑1, i.e., input conditions. In each step

𝑡 ∈ [1, 𝐿], based on the current trajectory prefix ⟨𝑥, ˆ𝑡𝑑, 𝑡𝑐⟩1:𝑡−1,

it produces (generates) the next edge 𝑥𝑡 and the corresponding

travel time 𝑡𝑐𝑡 stochastically, where 𝑥𝑡−1 and 𝑡𝑐𝑡−1 are generated

in step 𝑡 − 1, and
ˆ𝑡𝑑𝑡 =

ˆ𝑡𝑑𝑡−1 + 𝑡𝑐𝑡−1. Note that the generated

trajectory length does not need to be exactly 𝐿, i.e., the route edge
generation process may stop earlier with some probability during

each step, where the sequence is padded with a stop flag. Besides,

random deviations during the generation process are simulated via

multinomial sampling.

Example 3:[Trajectory Generation] Consider a trajectory starts

from 𝑥0 = 𝑥 (1)
and arrives at its stop point at 𝑡𝑑1 in Figure 2. Suppose

a model outputs G(𝑥1 = 𝑥 (3) |(𝑥 (1)
), (𝑡𝑑1)) = 83% with 𝑡𝑐1 = 52𝑠 , and

G(𝑥1 = −|(𝑥 (1)
), (𝑡𝑑1)) = 17% with 𝑡𝑐1 = 0𝑠 , where ‘−’ means the

stop flag, and G’s output varies stochastically. We make a selection

by multinomial sampling, e.g., generate 𝑥 (3)
with 𝑡𝑐1 = 52𝑠 . □

Achieving DP. We train the model G with DP guarantee that

privatizes the access of each trajectory during model training by

clipping and perturbing model gradients with random noise, which

will be described in details in Section 4.

3 MTNET
Trajectories are hard to model due to high dimensions, complex cor-

relations among road edges and trajectories, and time-varying yet

highly skewed trajectory distributions. Nevertheless, there exists

inherent route planning patterns (hidden variables) on the underly-

ing road network that influence trajectory generation, e.g., moving

patterns between residential areas and working areas and route

planning patterns based on road capacities and geographical di-

rections. Based on this observation, we propose a deep generative

model namedMTNet, which utilizes spatio-temporal feature em-

beddings and the inherent road knowledge of trajectory generation

based on meta learning. Figure 4 presents an overview of MTNet,
which is composed of the following four modules. (1) Trajectory

representation module (Figure 4 (b)) is for embedding spatial route

edge and temporal features, aiming to represent trajectory sequence

effectively. (2) Road knowledge encoding module (Figure 4 (c)) is

for encoding road edge properties, which introduces inherent route

planning features for enhancing trajectory prefix encoding and

suffix generation. (3) Trajectory prefix encoding module (part of

Figure 4 (a)) is for encoding trajectory prefix, aiming to extract long-

term spatio-temporal dependency from high-dimensional trajectory

prefix. (4) Meta generator module (Figure 4 (d)) is for trajectory

route edge and its travel time generation, aiming to effectively sup-

port trajectory modeling and generation over skewed trajectory

data. Besides, the output is masked by road network topology con-

straints in Figure 4 (e), in order to improve generation efficiency

and quality.

3.1 Trajectory Representation
For trajectory modeling, the first problem is how to represent trajec-

tory sequence with spatio-temporal characteristics, i.e., trajectory
route edge and corresponding departure time and travel time infor-

mation. Specifically, we embed each discretely labelled road edge

into a low-dimensional vector to capture the geographical distribu-

tion features of road edges. We discrete departure time into time

slots and further embed it to capture the temporal distribution

features of trajectory data. We also embed time-invariant hidden

factors of travel time for each edge. These embeddings are concate-

nated with encoded road knowledge as unified input (Figure 4 (a)).

Edge Embedding. Trajectory route sequence is originally repre-

sented as discrete sequence of road edge labels, which cannot be

directly fed to MTNet for trajectory prefix encoding. For road net-

work 𝐺 = ⟨𝑉 , 𝐸⟩, we may directly use one-hot encodings, which

generates a |𝐸 | dimensional vector and takes the position of a spec-

ified edge as 1 and others as 0. However, it leads to the curse of

dimensionality, as |𝐸 | is quite large. To overcome this issue, we

embed edges with matrix𝑊𝑥 ∈ R |𝐸 |×𝑑𝑥𝑒 , where each 𝑥 ∈ 𝐸 is

represented with a low-dimensional (𝑑𝑥𝑒 ) vector 𝑥𝑒 = 𝑊𝑥 [𝑥].

Time Embedding. Trajectory distribution varies in different time

slots, e.g., urban trajectories depart from residential area to working

area in the morning, and turn back in the evening. Besides, route

edge travel time is also time dependent, i.e., longer during peak

hours and shorter during off-peak hours. To model the variable

temporal distribution of trajectory data, we embed departure time

and make it an input of MTNet. Specifically, we discrete departure
time into 𝑁𝜏 time slots for each day, where each time slot 𝜏(𝑡𝑑) ∈
[0, 𝑁𝜏 ]. Further, we produce 7 ∗ 𝑁𝜏 time slots for a week to capture

the daily changes, which can also be applied to month or other

periods. For example, we discrete 86400𝑠 in each day into 48 time

slots, where each slot is half an hour in [0, 47], and we get 7 ∗ 48

time slots for the whole week. For better representation ability, we

embed departure time slots with matrix𝑊𝜏 ∈ R |𝑁𝜏 |×𝑑𝑡𝑒
, where a

departure time 𝑡𝑑 is turned into low-dimensional vector𝑊𝜏 [𝜏(𝑡𝑑)].

Spatio-temporal Correlations Encoding. We adopt a popular

graph embedding method named node2vec [17] to pre-train and

initialize all embeddings of𝑊𝑥 , to embed spatial correlations among

edges. We adopt temporal graph [52, 57] to capture the temporal

periodicity information, where each node denotes the embedding

of either a neighboring time slot or a neighboring day. Besides, for

travel time of each edge, there exists stable yet complicated factors,

e.g., capacity, popularity and traffic lights. We maintain embedding

matrix𝑊𝑡𝑐 ∈ R |𝑁𝜏 |×𝑑𝑡𝑒
to model these time-invariant factors for

travel time generation, where we have travel time hidden state
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x(2)
<latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit><latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit><latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit><latexit sha1_base64="0BmoZO6tPUMPsWSOU6WT069BCwc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJs1rx3Ip3d1GqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHmGaPEQ==</latexit>

x(3)
<latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit>

x(4)
<latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit>

x(1)
<latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit>

x(1)
<latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit>
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x̂t
<latexit sha1_base64="aeDNC7fOW7bR5cZuPW6LNStOw/E=">AAAB8HicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6Nl0MYyAXORZImzk9lkyMzuMnNWDEuewsZCEVsfx87GZ3FyKTTxh4GP/z+HOecEiRQGXffLya2srq1v5DcLW9s7u3vF/YOGiVPNeJ3FMtatgBouRcTrKFDyVqI5VYHkzWB4PcmbD1wbEUe3OEq4r2g/EqFgFK111xlQzB7HXewWS27ZnYosgzeHUuWo9n0PANVu8bPTi1mqeIRMUmPanpugn1GNgkk+LnRSwxPKhrTP2xYjqrjxs+nAY3JqnR4JY21fhGTq/u7IqDJmpAJbqSgOzGI2Mf/L2imGl34moiRFHrHZR2EqCcZksj3pCc0ZypEFyrSwsxI2oJoytDcq2CN4iysvQ+O87Lllr+aVKlcwUx6O4QTOwIMLqMANVKEODBQ8wQu8Otp5dt6c91lpzpn3HMIfOR8/ziGSkg==</latexit><latexit sha1_base64="JMRFrHO/J7QAOsDaeTmO/gJWD6U=">AAAB8HicbZC7SgNBFIbPxluMt6hgY7MYBKuwa6NliI1lAuYiSQizk9lkyMzsMnNWDEuewsZCEVvBt/AJ7Gx8FieXQhN/GPj4/3OYc04QC27Q876czMrq2vpGdjO3tb2zu5ffP6ibKNGU1WgkIt0MiGGCK1ZDjoI1Y82IDARrBMOrSd64Y9rwSN3gKGYdSfqKh5wStNZte0AwvR93sZsveEVvKncZ/DkUSkfVb/5e/qh085/tXkQTyRRSQYxp+V6MnZRo5FSwca6dGBYTOiR91rKoiGSmk04HHrun1um5YaTtU+hO3d8dKZHGjGRgKyXBgVnMJuZ/WSvB8LKTchUnyBSdfRQmwsXInWzv9rhmFMXIAqGa21ldOiCaULQ3ytkj+IsrL0P9vOh7Rb/qF0plmCkLx3ACZ+DDBZTgGipQAwoSHuAJnh3tPDovzuusNOPMew7hj5y3Hx9xlE4=</latexit><latexit sha1_base64="JMRFrHO/J7QAOsDaeTmO/gJWD6U=">AAAB8HicbZC7SgNBFIbPxluMt6hgY7MYBKuwa6NliI1lAuYiSQizk9lkyMzsMnNWDEuewsZCEVvBt/AJ7Gx8FieXQhN/GPj4/3OYc04QC27Q876czMrq2vpGdjO3tb2zu5ffP6ibKNGU1WgkIt0MiGGCK1ZDjoI1Y82IDARrBMOrSd64Y9rwSN3gKGYdSfqKh5wStNZte0AwvR93sZsveEVvKncZ/DkUSkfVb/5e/qh085/tXkQTyRRSQYxp+V6MnZRo5FSwca6dGBYTOiR91rKoiGSmk04HHrun1um5YaTtU+hO3d8dKZHGjGRgKyXBgVnMJuZ/WSvB8LKTchUnyBSdfRQmwsXInWzv9rhmFMXIAqGa21ldOiCaULQ3ytkj+IsrL0P9vOh7Rb/qF0plmCkLx3ACZ+DDBZTgGipQAwoSHuAJnh3tPDovzuusNOPMew7hj5y3Hx9xlE4=</latexit><latexit sha1_base64="kHRVJdcGwyNJqpm5jy4E/M7AFvc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5IcYW+zSZbs7h27c2I48itsLBSx9efY+W/cJFdo4oOBx3szzMyLEiks+v63V1hb39jcKm6Xdnb39g/Kh0dNG6eG8QaLZWzaEbVcCs0bKFDydmI4VZHkrWh8M/Nbj9xYEet7nCQ8VHSoxUAwik566I4oZk/THvbKFb/qz0FWSZCTCuSo98pf3X7MUsU1Mkmt7QR+gmFGDQom+bTUTS1PKBvTIe84qqniNszmB0/JmVP6ZBAbVxrJXP09kVFl7URFrlNRHNllbyb+53VSHFyFmdBJilyzxaJBKgnGZPY96QvDGcqJI5QZ4W4lbEQNZegyKrkQguWXV0nzohr41eAuqNSu8ziKcAKncA4BXEINbqEODWCg4Ble4c0z3ov37n0sWgtePnMMf+B9/gA/iZCt</latexit>

t̂ct
<latexit sha1_base64="0lTyMlg6GQTBPv9uSloAXv0W/eM=">AAAB8XicbZC7SgNBFIbPxluMt6hgYzMYBKuwaxPLoI1lAuaCyRJnJ7PJkNnZZeasEJa8hY2FIra+jZ2Nz+LkUmjiDwMf/38Oc84JEikMuu6Xk1tb39jcym8Xdnb39g+Kh0dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZpq3Hrk2IlZ3OE64H9GBEqFgFK113x1SzJBNetgrltyyOxNZBW8BpepJ/fsBAGq94me3H7M04gqZpMZ0PDdBP6MaBZN8UuimhieUjeiAdywqGnHjZ7OJJ+TcOn0Sxto+hWTm/u7IaGTMOApsZURxaJazqflf1kkxvPIzoZIUuWLzj8JUEozJdH3SF5ozlGMLlGlhZyVsSDVlaI9UsEfwlldeheZl2XPLXt0rVa9hrjycwhlcgAcVqMIt1KABDBQ8wQu8OsZ5dt6c93lpzln0HMMfOR8/hsWS+w==</latexit><latexit sha1_base64="lUqfZNVZBUlSMuLpAMg2fBs7XEA=">AAAB8XicbZC7SgNBFIbPeo3xFhVsbAaDYBV2bbQMsbFMwFwwWcLsZDYZMju7zJwVwpK3sLFQxFZ8C5/AzsZncXIpNPGHgY//P4c55wSJFAZd98tZWV1b39jMbeW3d3b39gsHhw0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfB6kjfvuTYiVrc4Srgf0b4SoWAUrXXXGVDMkI272C0U3ZI7FVkGbw7F8nHtW7xXPqrdwmenF7M04gqZpMa0PTdBP6MaBZN8nO+khieUDWmfty0qGnHjZ9OJx+TMOj0Sxto+hWTq/u7IaGTMKApsZURxYBaziflf1k4xvPIzoZIUuWKzj8JUEozJZH3SE5ozlCMLlGlhZyVsQDVlaI+Ut0fwFldehsZFyXNLXs0rliswUw5O4BTOwYNLKMMNVKEODBQ8wBM8O8Z5dF6c11npijPvOYI/ct5+ANgGlLc=</latexit><latexit sha1_base64="lUqfZNVZBUlSMuLpAMg2fBs7XEA=">AAAB8XicbZC7SgNBFIbPeo3xFhVsbAaDYBV2bbQMsbFMwFwwWcLsZDYZMju7zJwVwpK3sLFQxFZ8C5/AzsZncXIpNPGHgY//P4c55wSJFAZd98tZWV1b39jMbeW3d3b39gsHhw0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfB6kjfvuTYiVrc4Srgf0b4SoWAUrXXXGVDMkI272C0U3ZI7FVkGbw7F8nHtW7xXPqrdwmenF7M04gqZpMa0PTdBP6MaBZN8nO+khieUDWmfty0qGnHjZ9OJx+TMOj0Sxto+hWTq/u7IaGTMKApsZURxYBaziflf1k4xvPIzoZIUuWKzj8JUEozJZH3SE5ozlCMLlGlhZyVsQDVlaI+Ut0fwFldehsZFyXNLXs0rliswUw5O4BTOwYNLKMMNVKEODBQ8wBM8O8Z5dF6c11npijPvOYI/ct5+ANgGlLc=</latexit><latexit sha1_base64="ad3Z3q5wfi+wVOe4wP2azvHG3LQ=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzGxIrc2WhJtLDERMMKF7C17sGFv77I7Z0Iu/AsbC42x9d/Y+W9c4AoFXzLJy3szmZkXpkpa9P1vr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMQ8hMwKJbVooUQlHlIjWBwq0QnHNzO/8ySMlYm+x0kqgpgNtYwkZ+ikx96IYY582sd+tebX/TnIKqEFqUGBZr/61RskPIuFRq6YtV3qpxjkzKDkSkwrvcyKlPExG4quo5rFwgb5/OIpOXPKgESJcaWRzNXfEzmLrZ3EoeuMGY7ssjcT//O6GUZXQS51mqHQfLEoyhTBhMzeJwNpBEc1cYRxI92thI+YYRxdSBUXAl1+eZW0L+rUr9M7WmtcF3GU4QRO4RwoXEIDbqEJLeCg4Rle4c2z3ov37n0sWkteMXMMf+B9/gD4HpEW</latexit>

x̂t
<latexit sha1_base64="aeDNC7fOW7bR5cZuPW6LNStOw/E=">AAAB8HicbZC7SgNBFIbPxluMt6hgYzMYBKuwa6Nl0MYyAXORZImzk9lkyMzuMnNWDEuewsZCEVsfx87GZ3FyKTTxh4GP/z+HOecEiRQGXffLya2srq1v5DcLW9s7u3vF/YOGiVPNeJ3FMtatgBouRcTrKFDyVqI5VYHkzWB4PcmbD1wbEUe3OEq4r2g/EqFgFK111xlQzB7HXewWS27ZnYosgzeHUuWo9n0PANVu8bPTi1mqeIRMUmPanpugn1GNgkk+LnRSwxPKhrTP2xYjqrjxs+nAY3JqnR4JY21fhGTq/u7IqDJmpAJbqSgOzGI2Mf/L2imGl34moiRFHrHZR2EqCcZksj3pCc0ZypEFyrSwsxI2oJoytDcq2CN4iysvQ+O87Lllr+aVKlcwUx6O4QTOwIMLqMANVKEODBQ8wQu8Otp5dt6c91lpzpn3HMIfOR8/ziGSkg==</latexit><latexit sha1_base64="JMRFrHO/J7QAOsDaeTmO/gJWD6U=">AAAB8HicbZC7SgNBFIbPxluMt6hgY7MYBKuwa6NliI1lAuYiSQizk9lkyMzsMnNWDEuewsZCEVvBt/AJ7Gx8FieXQhN/GPj4/3OYc04QC27Q876czMrq2vpGdjO3tb2zu5ffP6ibKNGU1WgkIt0MiGGCK1ZDjoI1Y82IDARrBMOrSd64Y9rwSN3gKGYdSfqKh5wStNZte0AwvR93sZsveEVvKncZ/DkUSkfVb/5e/qh085/tXkQTyRRSQYxp+V6MnZRo5FSwca6dGBYTOiR91rKoiGSmk04HHrun1um5YaTtU+hO3d8dKZHGjGRgKyXBgVnMJuZ/WSvB8LKTchUnyBSdfRQmwsXInWzv9rhmFMXIAqGa21ldOiCaULQ3ytkj+IsrL0P9vOh7Rb/qF0plmCkLx3ACZ+DDBZTgGipQAwoSHuAJnh3tPDovzuusNOPMew7hj5y3Hx9xlE4=</latexit><latexit sha1_base64="JMRFrHO/J7QAOsDaeTmO/gJWD6U=">AAAB8HicbZC7SgNBFIbPxluMt6hgY7MYBKuwa6NliI1lAuYiSQizk9lkyMzsMnNWDEuewsZCEVvBt/AJ7Gx8FieXQhN/GPj4/3OYc04QC27Q876czMrq2vpGdjO3tb2zu5ffP6ibKNGU1WgkIt0MiGGCK1ZDjoI1Y82IDARrBMOrSd64Y9rwSN3gKGYdSfqKh5wStNZte0AwvR93sZsveEVvKncZ/DkUSkfVb/5e/qh085/tXkQTyRRSQYxp+V6MnZRo5FSwca6dGBYTOiR91rKoiGSmk04HHrun1um5YaTtU+hO3d8dKZHGjGRgKyXBgVnMJuZ/WSvB8LKTchUnyBSdfRQmwsXInWzv9rhmFMXIAqGa21ldOiCaULQ3ytkj+IsrL0P9vOh7Rb/qF0plmCkLx3ACZ+DDBZTgGipQAwoSHuAJnh3tPDovzuusNOPMew7hj5y3Hx9xlE4=</latexit><latexit sha1_base64="kHRVJdcGwyNJqpm5jy4E/M7AFvc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5IcYW+zSZbs7h27c2I48itsLBSx9efY+W/cJFdo4oOBx3szzMyLEiks+v63V1hb39jcKm6Xdnb39g/Kh0dNG6eG8QaLZWzaEbVcCs0bKFDydmI4VZHkrWh8M/Nbj9xYEet7nCQ8VHSoxUAwik566I4oZk/THvbKFb/qz0FWSZCTCuSo98pf3X7MUsU1Mkmt7QR+gmFGDQom+bTUTS1PKBvTIe84qqniNszmB0/JmVP6ZBAbVxrJXP09kVFl7URFrlNRHNllbyb+53VSHFyFmdBJilyzxaJBKgnGZPY96QvDGcqJI5QZ4W4lbEQNZegyKrkQguWXV0nzohr41eAuqNSu8ziKcAKncA4BXEINbqEODWCg4Ble4c0z3ov37n0sWgtePnMMf+B9/gA/iZCt</latexit>

hx
t<latexit sha1_base64="l8S0tuZ0H4o5FAT227JZ2jryNpw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyhz18eOpVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaIxN0E+O3ZCTq3SJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtFVkAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT9mG4C2+vEya5zXPrXl3F9X6dRFHCY7hBM7Ag0uowy00wAcGAp7hFd4c5bw4787HvHXFKWaO4A+czx/p6Y69</latexit><latexit sha1_base64="l8S0tuZ0H4o5FAT227JZ2jryNpw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyhz18eOpVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaIxN0E+O3ZCTq3SJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtFVkAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT9mG4C2+vEya5zXPrXl3F9X6dRFHCY7hBM7Ag0uowy00wAcGAp7hFd4c5bw4787HvHXFKWaO4A+czx/p6Y69</latexit><latexit sha1_base64="l8S0tuZ0H4o5FAT227JZ2jryNpw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyhz18eOpVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaIxN0E+O3ZCTq3SJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtFVkAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT9mG4C2+vEya5zXPrXl3F9X6dRFHCY7hBM7Ag0uowy00wAcGAp7hFd4c5bw4787HvHXFKWaO4A+czx/p6Y69</latexit><latexit sha1_base64="l8S0tuZ0H4o5FAT227JZ2jryNpw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls120y7dbMLuRCyhv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/Vbj1wbkah7HKc8iOlAiUgwilbyhz18eOpVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaIxN0E+O3ZCTq3SJ1GibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhtFVkAuVZsgVmy+KMkkwIdPPSV9ozlCOLaFMC3srYUOqKUObT9mG4C2+vEya5zXPrXl3F9X6dRFHCY7hBM7Ag0uowy00wAcGAp7hFd4c5bw4787HvHXFKWaO4A+czx/p6Y69</latexit>

tet, h
tc

<latexit sha1_base64="41E0bvUQ1x6BX/a+Qc7AXmcP7hQ=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY9BLx4jmAcka5iddJIhsw9meoWw5De8eFDEqz/jzb9xkuxBEwsaiqpuuruCRElDrvvtrKyurW9sFraK2zu7e/ulg8OGiVMtsC5iFetWwA0qGWGdJClsJRp5GChsBqPbqd98Qm1kHD3QOEE/5INI9qXgZKUOYZfO2fAxIzHplspuxZ2BLRMvJ2XIUeuWvjq9WKQhRiQUN6btuQn5GdckhcJJsZMaTLgY8QG2LY14iMbPZjdP2KlVeqwfa1sRsZn6eyLjoTHjMLCdIaehWfSm4n9eO6X+tZ/JKEkJIzFf1E8Vo5hNA2A9qVGQGlvChZb2ViaGXHNBNqaiDcFbfHmZNC4qnlvx7i/L1Zs8jgIcwwmcgQdXUIU7qEEdBCTwDK/w5qTOi/PufMxbV5x85gj+wPn8AcTUkX8=</latexit><latexit sha1_base64="xYh1LuChEHCKijBLi+dIhT3jjLc=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwkLArgpZBG0sF84BkDbOT2WTI7Owyc1cIS37DwsZfsRGxTeffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bh4lQzXmexjHUroIZLoXgdBUreSjSnUSB5MxjeTP3mE9dGxOoBRwn3I9pXIhSMopU6yLt4RgaPGbJxt1xxq+4MZJl4OalAjv/Fu+VJpxezNOIKmaTGtD03QT+jGgWTfFzqpIYnlA1pn7ctVTTixs9mh43JiVV6JIy1fQrJTP05kdHImFEU2GREcWAWvan4l9dOMbzyM6GSFLli80VhKgnGZNoS6QnNGcqRJZRpYf9K2IBqytB2WbKne4uHLpPGedVzq979RaV2nXdWhCM4hlPw4BJqcAt3UAcGCTzDK7w7L86b8+F8zqMFJ585hF9wJt/EQJj4</latexit><latexit sha1_base64="xYh1LuChEHCKijBLi+dIhT3jjLc=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwkLArgpZBG0sF84BkDbOT2WTI7Owyc1cIS37DwsZfsRGxTeffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bh4lQzXmexjHUroIZLoXgdBUreSjSnUSB5MxjeTP3mE9dGxOoBRwn3I9pXIhSMopU6yLt4RgaPGbJxt1xxq+4MZJl4OalAjv/Fu+VJpxezNOIKmaTGtD03QT+jGgWTfFzqpIYnlA1pn7ctVTTixs9mh43JiVV6JIy1fQrJTP05kdHImFEU2GREcWAWvan4l9dOMbzyM6GSFLli80VhKgnGZNoS6QnNGcqRJZRpYf9K2IBqytB2WbKne4uHLpPGedVzq979RaV2nXdWhCM4hlPw4BJqcAt3UAcGCTzDK7w7L86b8+F8zqMFJ585hF9wJt/EQJj4</latexit><latexit sha1_base64="xYh1LuChEHCKijBLi+dIhT3jjLc=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwkLArgpZBG0sF84BkDbOT2WTI7Owyc1cIS37DwsZfsRGxTeffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bh4lQzXmexjHUroIZLoXgdBUreSjSnUSB5MxjeTP3mE9dGxOoBRwn3I9pXIhSMopU6yLt4RgaPGbJxt1xxq+4MZJl4OalAjv/Fu+VJpxezNOIKmaTGtD03QT+jGgWTfFzqpIYnlA1pn7ctVTTixs9mh43JiVV6JIy1fQrJTP05kdHImFEU2GREcWAWvan4l9dOMbzyM6GSFLli80VhKgnGZNoS6QnNGcqRJZRpYf9K2IBqytB2WbKne4uHLpPGedVzq979RaV2nXdWhCM4hlPw4BJqcAt3UAcGCTzDK7w7L86b8+F8zqMFJ585hF9wJt/EQJj4</latexit>

departure time slot embedding

road edge embedding

...
<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

...
<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

(b) Trajectory Representation

(c) Road Knowledge Encoding  
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<latexit sha1_base64="iIoL15OGTw13kQwUncwR8hpy+Zc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kltOe7nlE/7lapf8+cgqyQoSBUKNPqVr94gYZlEZZmgxnQDP7VhTrXlTOC03MsMppSN6RC7jioq0YT5/NwpOXfKgMSJdqUsmau/J3IqjZnIyHVKakdm2ZuJ/3ndzMY3Yc5VmllUbLEozgSxCZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXuq9eO/ex6J1zStmTuAPvM8fmDuPuQ==</latexit><latexit sha1_base64="iIoL15OGTw13kQwUncwR8hpy+Zc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kltOe7nlE/7lapf8+cgqyQoSBUKNPqVr94gYZlEZZmgxnQDP7VhTrXlTOC03MsMppSN6RC7jioq0YT5/NwpOXfKgMSJdqUsmau/J3IqjZnIyHVKakdm2ZuJ/3ndzMY3Yc5VmllUbLEozgSxCZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXuq9eO/ex6J1zStmTuAPvM8fmDuPuQ==</latexit><latexit sha1_base64="iIoL15OGTw13kQwUncwR8hpy+Zc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kltOe7nlE/7lapf8+cgqyQoSBUKNPqVr94gYZlEZZmgxnQDP7VhTrXlTOC03MsMppSN6RC7jioq0YT5/NwpOXfKgMSJdqUsmau/J3IqjZnIyHVKakdm2ZuJ/3ndzMY3Yc5VmllUbLEozgSxCZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXuq9eO/ex6J1zStmTuAPvM8fmDuPuQ==</latexit><latexit sha1_base64="iIoL15OGTw13kQwUncwR8hpy+Zc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kltOe7nlE/7lapf8+cgqyQoSBUKNPqVr94gYZlEZZmgxnQDP7VhTrXlTOC03MsMppSN6RC7jioq0YT5/NwpOXfKgMSJdqUsmau/J3IqjZnIyHVKakdm2ZuJ/3ndzMY3Yc5VmllUbLEozgSxCZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvXuq9eO/ex6J1zStmTuAPvM8fmDuPuQ==</latexit>

xai
<latexit sha1_base64="F9n/6VZTB2k3tcF2pr6gecaIjW4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJJxkzO7PMzIphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRqWaYZ0poXQrogYFl1i33ApsJRppHAlsRqObqd98RG24kvd2nGAY04Hkfc6odVLjqZtRPumWyn7Fn4EskyAnZchR65a+Oj3F0hilZYIa0w78xIYZ1ZYzgZNiJzWYUDaiA2w7KmmMJsxm107IqVN6pK+0K2nJTP09kdHYmHEcuc6Y2qFZ9Kbif147tf2rMOMySS1KNl/UTwWxikxfJz2ukVkxdoQyzd2thA2ppsy6gIouhGDx5WXSOK8EfiW4uyhXr/M4CnAMJ3AGAVxCFW6hBnVg8ADP8ApvnvJevHfvY9664uUzR/AH3ucP33GPTw==</latexit><latexit sha1_base64="F9n/6VZTB2k3tcF2pr6gecaIjW4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJJxkzO7PMzIphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRqWaYZ0poXQrogYFl1i33ApsJRppHAlsRqObqd98RG24kvd2nGAY04Hkfc6odVLjqZtRPumWyn7Fn4EskyAnZchR65a+Oj3F0hilZYIa0w78xIYZ1ZYzgZNiJzWYUDaiA2w7KmmMJsxm107IqVN6pK+0K2nJTP09kdHYmHEcuc6Y2qFZ9Kbif147tf2rMOMySS1KNl/UTwWxikxfJz2ukVkxdoQyzd2thA2ppsy6gIouhGDx5WXSOK8EfiW4uyhXr/M4CnAMJ3AGAVxCFW6hBnVg8ADP8ApvnvJevHfvY9664uUzR/AH3ucP33GPTw==</latexit><latexit sha1_base64="F9n/6VZTB2k3tcF2pr6gecaIjW4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJJxkzO7PMzIphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRqWaYZ0poXQrogYFl1i33ApsJRppHAlsRqObqd98RG24kvd2nGAY04Hkfc6odVLjqZtRPumWyn7Fn4EskyAnZchR65a+Oj3F0hilZYIa0w78xIYZ1ZYzgZNiJzWYUDaiA2w7KmmMJsxm107IqVN6pK+0K2nJTP09kdHYmHEcuc6Y2qFZ9Kbif147tf2rMOMySS1KNl/UTwWxikxfJz2ukVkxdoQyzd2thA2ppsy6gIouhGDx5WXSOK8EfiW4uyhXr/M4CnAMJ3AGAVxCFW6hBnVg8ADP8ApvnvJevHfvY9664uUzR/AH3ucP33GPTw==</latexit><latexit sha1_base64="F9n/6VZTB2k3tcF2pr6gecaIjW4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJJxkzO7PMzIphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRqWaYZ0poXQrogYFl1i33ApsJRppHAlsRqObqd98RG24kvd2nGAY04Hkfc6odVLjqZtRPumWyn7Fn4EskyAnZchR65a+Oj3F0hilZYIa0w78xIYZ1ZYzgZNiJzWYUDaiA2w7KmmMJsxm107IqVN6pK+0K2nJTP09kdHYmHEcuc6Y2qFZ9Kbif147tf2rMOMySS1KNl/UTwWxikxfJz2ukVkxdoQyzd2thA2ppsy6gIouhGDx5WXSOK8EfiW4uyhXr/M4CnAMJ3AGAVxCFW6hBnVg8ADP8ApvnvJevHfvY9664uUzR/AH3ucP33GPTw==</latexit>

(a) MTNet  
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<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

...
<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

...
<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

...
<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

x̂1, t̂c1
<latexit sha1_base64="pOMS7o1xwKDCZ6cdt0JY+se7QW8=">AAACAXicbZC7SgNBFIbPeo3xtmojaLEYBAsJuzZaBm0sEzAXSJZldjJJhsxemDkrhmVtfBUbC0WsBN/Czs5HcbJJoYk/DHzzn3OYOb8fC67Qtr+MhcWl5ZXVwlpxfWNza9vc2W2oKJGU1WkkItnyiWKCh6yOHAVrxZKRwBes6Q+vxvXmLZOKR+ENjmLmBqQf8h6nBLXlmfudAcH0LvNSJzvNGWl+8cySXbZzWfPgTKFUOXyvfQNA1TM/O92IJgELkQqiVNuxY3RTIpFTwbJiJ1EsJnRI+qytMSQBU26ab5BZx9rpWr1I6hOilbu/J1ISKDUKfN0ZEByo2drY/K/WTrB34aY8jBNkIZ081EuEhZE1jsPqcskoipEGQiXXf7XogEhCUYdW1CE4syvPQ+Os7Nhlp+aUKpcwUQEO4AhOwIFzqMA1VKEOFO7hEZ7hxXgwnoxX423SumBMZ/bgj4yPHyWSmYo=</latexit><latexit sha1_base64="+PraUb6inQwuUvzzHvUFb/qSc+I=">AAACAXicbZDLSsNAFIYn9VbrLepGUCRYBBdSEje6LLpx2YK9QBvCZDpth04mYeZELCFuxDdx40IRVwXfwp3P4Es4TbvQ1h8GvvnPOcyc3484U2DbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJaE1EvJQNn2sKGeC1oABp81IUhz4nDb8wdW43rilUrFQ3MAwom6Ae4J1GcGgLc/ca/cxJHeplzjpacZAsotnFu2SncmaB2cKxfLBqPr9eDiqeOZnuxOSOKACCMdKtRw7AjfBEhjhNC20Y0UjTAa4R1saBQ6ocpNsg9Q61k7H6oZSHwFW5v6eSHCg1DDwdWeAoa9ma2Pzv1orhu6FmzARxUAFmTzUjbkFoTWOw+owSQnwoQZMJNN/tUgfS0xAh1bQITizK89D/azk2CWn6hTLl2iiPNpHR+gEOegcldE1qqAaIugePaEX9Go8GM/Gm/E+ac0Z05ld9EfGxw8D15rw</latexit><latexit sha1_base64="+PraUb6inQwuUvzzHvUFb/qSc+I=">AAACAXicbZDLSsNAFIYn9VbrLepGUCRYBBdSEje6LLpx2YK9QBvCZDpth04mYeZELCFuxDdx40IRVwXfwp3P4Es4TbvQ1h8GvvnPOcyc3484U2DbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJaE1EvJQNn2sKGeC1oABp81IUhz4nDb8wdW43rilUrFQ3MAwom6Ae4J1GcGgLc/ca/cxJHeplzjpacZAsotnFu2SncmaB2cKxfLBqPr9eDiqeOZnuxOSOKACCMdKtRw7AjfBEhjhNC20Y0UjTAa4R1saBQ6ocpNsg9Q61k7H6oZSHwFW5v6eSHCg1DDwdWeAoa9ma2Pzv1orhu6FmzARxUAFmTzUjbkFoTWOw+owSQnwoQZMJNN/tUgfS0xAh1bQITizK89D/azk2CWn6hTLl2iiPNpHR+gEOegcldE1qqAaIugePaEX9Go8GM/Gm/E+ac0Z05ld9EfGxw8D15rw</latexit><latexit sha1_base64="miRI6T0VCf6YAeoOt/8R0DKfAuM=">AAACAXicbZC9TsMwFIWd8lfKX4AFiSWiQmJAVcwCYwULY5Foi9RGkeM6rVXHiewbRBWFhVdhYQAhVt6CjbfBTTNAy5EsfT73Xtn3BIngGlz326osLa+srlXXaxubW9s79u5eR8epoqxNYxGru4BoJrhkbeAg2F2iGIkCwbrB+Gpa794zpXksb2GSMC8iQ8lDTgkYy7cP+iMC2UPuZzg/LRhocfHtuttwCzmLgEuoo1It3/7qD2KaRkwCFUTrHnYT8DKigFPB8lo/1SwhdEyGrGdQkohpLys2yJ1j4wycMFbmSHAK9/dERiKtJ1FgOiMCIz1fm5r/1XophBdexmWSApN09lCYCgdiZxqHM+CKURATA4Qqbv7q0BFRhIIJrWZCwPMrL0LnrIHdBr7B9eZlGUcVHaIjdIIwOkdNdI1aqI0oekTP6BW9WU/Wi/VufcxaK1Y5s4/+yPr8ARWYl0U=</latexit>

x̂2, t̂c2
<latexit sha1_base64="x/nnfNf245mBCB2XW4Z7BBJ+yP4=">AAACAXicbZC7SgNBFIbPxluMt1UbQYvFIFhI2E2jZdDGMgFzgWRZZieTZMjshZmzYlhi46vYWChiJfgWdnY+ipNNCk38YeCb/5zDzPn9WHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+hokRSVqeRiGTLJ4oJHrI6chSsFUtGAl+wpj+8mtSbt0wqHoU3OIqZG5B+yHucEtSWZx50BgTTu7GXlsdnGSPNLp5ZtEt2JmsRnBkUK0fvtW8AqHrmZ6cb0SRgIVJBlGo7doxuSiRyKti40EkUiwkdkj5rawxJwJSbZhuMrRPtdK1eJPUJ0crc3xMpCZQaBb7uDAgO1HxtYv5XayfYu3BTHsYJspBOH+olwsLImsRhdblkFMVIA6GS679adEAkoahDK+gQnPmVF6FRLjl2yak5xcolTJWHQziGU3DgHCpwDVWoA4V7eIRneDEejCfj1XibtuaM2cw+/JHx8QMoqZmM</latexit><latexit sha1_base64="rmtYQFgoiv1PNT2m/vBgtgDunl8=">AAACAXicbZDLSsNAFIYnXmu9Rd0IigSL4EJK0o0ui25ctmAv0IYwmU7boZNJmDkRS4gb8U3cuFDEVcG3cOcz+BJO0y609YeBb/5zDjPn9yPOFNj2l7GwuLS8sppby69vbG5tmzu7dRXGktAaCXkomz5WlDNBa8CA02YkKQ58Thv+4Gpcb9xSqVgobmAYUTfAPcG6jGDQlmfut/sYkrvUS0rpWcZAsotnFuyincmaB2cKhfLhqPr9eDSqeOZnuxOSOKACCMdKtRw7AjfBEhjhNM23Y0UjTAa4R1saBQ6ocpNsg9Q60U7H6oZSHwFW5v6eSHCg1DDwdWeAoa9ma2Pzv1orhu6FmzARxUAFmTzUjbkFoTWOw+owSQnwoQZMJNN/tUgfS0xAh5bXITizK89DvVR07KJTdQrlSzRRDh2gY3SKHHSOyugaVVANEXSPntALejUejGfjzXiftC4Y05k99EfGxw8G7pry</latexit><latexit sha1_base64="rmtYQFgoiv1PNT2m/vBgtgDunl8=">AAACAXicbZDLSsNAFIYnXmu9Rd0IigSL4EJK0o0ui25ctmAv0IYwmU7boZNJmDkRS4gb8U3cuFDEVcG3cOcz+BJO0y609YeBb/5zDjPn9yPOFNj2l7GwuLS8sppby69vbG5tmzu7dRXGktAaCXkomz5WlDNBa8CA02YkKQ58Thv+4Gpcb9xSqVgobmAYUTfAPcG6jGDQlmfut/sYkrvUS0rpWcZAsotnFuyincmaB2cKhfLhqPr9eDSqeOZnuxOSOKACCMdKtRw7AjfBEhjhNM23Y0UjTAa4R1saBQ6ocpNsg9Q60U7H6oZSHwFW5v6eSHCg1DDwdWeAoa9ma2Pzv1orhu6FmzARxUAFmTzUjbkFoTWOw+owSQnwoQZMJNN/tUgfS0xAh5bXITizK89DvVR07KJTdQrlSzRRDh2gY3SKHHSOyugaVVANEXSPntALejUejGfjzXiftC4Y05k99EfGxw8G7pry</latexit><latexit sha1_base64="pQ/wNjldmAG+ynC/yj4u0W4yaqU=">AAACAXicbZC7TsMwFIadcivlFmBBYrGokBhQlXSBsYKFsUj0IrVR5LhOa9VxIvsEUUVl4VVYGECIlbdg421w0wzQ8kuWPv/nHNnnDxLBNTjOt1VaWV1b3yhvVra2d3b37P2Dto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1gfD2rd+6Z0jyWdzBJmBeRoeQhpwSM5dtH/RGB7GHqZ/Xpec5A84tvV52akwsvg1tAFRVq+vZXfxDTNGISqCBa91wnAS8jCjgVbFrpp5olhI7JkPUMShIx7WX5BlN8apwBDmNljgScu78nMhJpPYkC0xkRGOnF2sz8r9ZLIbz0Mi6TFJik84fCVGCI8SwOPOCKURATA4Qqbv6K6YgoQsGEVjEhuIsrL0O7XnOdmnvrVhtXRRxldIxO0Bly0QVqoBvURC1E0SN6Rq/ozXqyXqx362PeWrKKmUP0R9bnDxivl0c=</latexit>

mk, htc
<latexit sha1_base64="OpCPtPKZ4wMeKXHg0bE5lrdmRmQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wjWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVPY4T7kd0oEQoGEUrPUSjMzJ8zJBNeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn80unpATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9H3SF5ozlGNLKNPC3krYkGrK0IZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4A+fzBzDPkJc=</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit>

mk, htc
<latexit sha1_base64="OpCPtPKZ4wMeKXHg0bE5lrdmRmQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wjWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVPY4T7kd0oEQoGEUrPUSjMzJ8zJBNeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn80unpATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9H3SF5ozlGNLKNPC3krYkGrK0IZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4A+fzBzDPkJc=</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit>

mk, htc
<latexit sha1_base64="OpCPtPKZ4wMeKXHg0bE5lrdmRmQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wjWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVPY4T7kd0oEQoGEUrPUSjMzJ8zJBNeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn80unpATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9H3SF5ozlGNLKNPC3krYkGrK0IZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4A+fzBzDPkJc=</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit><latexit sha1_base64="NHXfHMP0so2nAlnzq4PyyEWbfyI=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAgWEnZF0DJoY6lgHpisYXYymwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yFhaXlldWC2vF9Y3Nre3Szm7dxKlmvMZiGetmQA2XQvEaCpS8mWhOo0DyRjC4HPuNB66NiNUtDhPuR7SnRCgYRSvdRYNj0r/PkI06pbJbcScg88TLSRly/C/eKX22uzFLI66QSWpMy3MT9DOqUTDJR8V2anhC2YD2eMtSRSNu/Gxy1ogcWqVLwljbp5BM1J8TGY2MGUaBTUYU+2bWG4t/ea0Uw3M/EypJkSs2XRSmkmBMxh2RrtCcoRxaQpkW9q+E9ammDG2TRXu6N3voPKmfVDy34t2clqsXeWcF2IcDOAIPzqAKV3ANNWCg4BGe4dV5cl6cN+d9Gl1w8pk9+AXn4xsRTZgQ</latexit>

<latexit sha1_base64="owMo6GwOT/iWqT0QIdOs7Mxcvv8=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCGFXgloGbSwsIpgHJMsyO7lJhszMLjOzYlhS2PgrNhaK2PoRdv6Nk0ehiQcunDnnXubeE8acaeO6305mZXVtfSO7mdva3tndy+8fNHSUKAp1GvFItUKigTMJdcMMh1asgIiQQzMcXk385j0ozSJ5Z0Yx+IL0JesxSoyVgnyhw4nsc8APUDJQEsOOmr6D9GYc5Itu2Z0CLxNvTopojlqQ/+p0I5oIkIZyonXbc2Pjp0QZRjmMc51EQ0zokPShbakkArSfTo8Y42OrdHEvUrakwVP190RKhNYjEdpOQcxAL3oT8T+vnZjehZ8yGScGJJ191Es4NhGeJIK7TAE1fGQJoYrZXTEdEEWosbnlbAje4snLpHFa9s7KldtKsXo5jyOLCugInSAPnaMqukY1VEcUPaJn9IrenCfnxXl3PmatGWc+c4j+wPn8AY8fmA8=</latexit>hxe, te, mkiL
<latexit sha1_base64="d3Dd+ywWTNFqUgNpSE6lxjCvjtw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJJIUZdFNy4r2Ac0oUymt+3QySTMTMQSunDjr7hxoYhbP8Kdf+M0zUJbD1w4c869zL0niDlT2nG+rZXVtfWNzcJWcXtnd2/fPjhsqSiRFJo04pHsBEQBZwKammkOnVgCCQMO7WB8PfPb9yAVi8SdnsTgh2Qo2IBRoo3Us0seJ2LIAT9ARUMlHHsye/dSd9qzy07VyYCXiZuTMsrR6NlfXj+iSQhCU06U6rpOrP2USM0oh2nRSxTEhI7JELqGChKC8tPsiCk+MUofDyJpSmicqb8nUhIqNQkD0xkSPVKL3kz8z+smenDpp0zEiQZB5x8NEo51hGeJ4D6TQDWfGEKoZGZXTEdEEqpNbkUTgrt48jJpnVXd82rttlauX+VxFFAJHaNT5KILVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz9mGJf0</latexit>hxe, te, mki1

<latexit sha1_base64="hcH8M6q/AyWnh0nBqHc+0yyZZe8=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJuCGoZtLGMYB6QLGF2cpMMmZ1dZmbFsKSw8VdsLBSx9SPs/Bsnmy008cCFM+fcy9x7/IgzpR3n28qtrW9sbuW3Czu7e/sH9uFRS4WxpNCkIQ9lxycKOBPQ1Exz6EQSSOBzaPuT67nfvgepWCju9DQCLyAjwYaMEm2kvl3scSJGHPADlDWUg0lPpu9+Up317ZJTcVLgVeJmpIQyNPr2V28Q0jgAoSknSnVdJ9JeQqRmlMOs0IsVRIROyAi6hgoSgPKS9IgZPjXKAA9DaUponKq/JxISKDUNfNMZED1Wy95c/M/rxnp46SVMRLEGQRcfDWOOdYjnieABk0A1nxpCqGRmV0zHRBKqTW4FE4K7fPIqaVUr7nmldlsr1a+yOPKoiE7QGXLRBaqjG9RATUTRI3pGr+jNerJerHfrY9Gas7KZY/QH1ucPZ52X9Q==</latexit>hxe, te, mki2

x̂L, t̂cL
<latexit sha1_base64="GakRZGhJpHH0MofYMTbXZTv63So=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4EJKIoIui25cuKhgL9CGMJlO26GTSZg5EUuIG1/FjQtF3PoW7nwbp2kW2vrDwDf/OYeZ8wex4Boc59taWFxaXlktrZXXNza3tu2d3aaOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ1qbfumdI8kncwjpkXkoHkfU4JGMu397tDAulD5qc32UnOQPOLb1ecqpMLz4NbQAUVqvv2V7cX0SRkEqggWndcJwYvJQo4FSwrdxPNYkJHZMA6BiUJmfbSfIMMHxmnh/uRMkcCzt3fEykJtR6HgekMCQz1bG1i/lfrJNC/8FIu4wSYpNOH+onAEOFJHLjHFaMgxgYIVdz8FdMhUYSCCa1sQnBnV56H5mnVdaru7VmldlnEUUIH6BAdIxedoxq6RnXUQBQ9omf0it6sJ+vFerc+pq0LVjGzh/7I+vwBafWXfg==</latexit><latexit sha1_base64="WN4bZIcJ5kyBHT+pWTmgf+w323M=">AAACJnicjVDLSgMxFM34rPU16kZwEyyCCykzIuiy6MaFCwX7gHYYMmnahmYyQ3JHLMP4NS7c+CsuFBF3forpdBbauvBA4OSce0nOCWLBNTjOpzU3v7C4tFxaKa+urW9s2lvbDR0lirI6jUSkWgHRTHDJ6sBBsFasGAkDwZrB8GLsN++Y0jyStzCKmReSvuQ9TgkYybd3OwMC6X3mp1fZUc6B5hffrjhVJweeJW5BKqjA/8Z9+7XTjWgSMglUEK3brhODlxIFnAqWlTuJZjGhQ9JnbUMlCZn20jxmhg+M0sW9SJkjAefqz42UhFqPwsBMhgQGetobi3957QR6Z17KZZwAk3TyUC8RGCI87gx3uWIUxMgQQhU3f8V0QBShYJotm+judNBZ0jiuuk7VvTmp1M6LzkpoD+2jQ+SiU1RDl+ga1RFFD+gRPaM368l6sd6tj8nonFXs7KBfsL6+ATUVnvc=</latexit><latexit sha1_base64="WN4bZIcJ5kyBHT+pWTmgf+w323M=">AAACJnicjVDLSgMxFM34rPU16kZwEyyCCykzIuiy6MaFCwX7gHYYMmnahmYyQ3JHLMP4NS7c+CsuFBF3forpdBbauvBA4OSce0nOCWLBNTjOpzU3v7C4tFxaKa+urW9s2lvbDR0lirI6jUSkWgHRTHDJ6sBBsFasGAkDwZrB8GLsN++Y0jyStzCKmReSvuQ9TgkYybd3OwMC6X3mp1fZUc6B5hffrjhVJweeJW5BKqjA/8Z9+7XTjWgSMglUEK3brhODlxIFnAqWlTuJZjGhQ9JnbUMlCZn20jxmhg+M0sW9SJkjAefqz42UhFqPwsBMhgQGetobi3957QR6Z17KZZwAk3TyUC8RGCI87gx3uWIUxMgQQhU3f8V0QBShYJotm+judNBZ0jiuuk7VvTmp1M6LzkpoD+2jQ+SiU1RDl+ga1RFFD+gRPaM368l6sd6tj8nonFXs7KBfsL6+ATUVnvc=</latexit><latexit sha1_base64="WN4bZIcJ5kyBHT+pWTmgf+w323M=">AAACJnicjVDLSgMxFM34rPU16kZwEyyCCykzIuiy6MaFCwX7gHYYMmnahmYyQ3JHLMP4NS7c+CsuFBF3forpdBbauvBA4OSce0nOCWLBNTjOpzU3v7C4tFxaKa+urW9s2lvbDR0lirI6jUSkWgHRTHDJ6sBBsFasGAkDwZrB8GLsN++Y0jyStzCKmReSvuQ9TgkYybd3OwMC6X3mp1fZUc6B5hffrjhVJweeJW5BKqjA/8Z9+7XTjWgSMglUEK3brhODlxIFnAqWlTuJZjGhQ9JnbUMlCZn20jxmhg+M0sW9SJkjAefqz42UhFqPwsBMhgQGetobi3957QR6Z17KZZwAk3TyUC8RGCI87gx3uWIUxMgQQhU3f8V0QBShYJotm+judNBZ0jiuuk7VvTmp1M6LzkpoD+2jQ+SiU1RDl+ga1RFFD+gRPaM368l6sd6tj8nonFXs7KBfsL6+ATUVnvc=</latexit>

xe1:L = (xe1, xe2, ..., xeL)
<latexit sha1_base64="huHNat4vI+XV7KMkS0k+kXH2UM8=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApVCghKYIiCEU3LrqoYC/QhjCZTtuhkwszE7GEPIEbX8WNC0Xcunbn2zhJs9DWA8N8/P85zJzfDRkV0jS/tcLK6tr6RnGztLW9s7un7x90RBBxTNo4YAHvuUgQRn3SllQy0gs5QZ7LSNedXqd+955wQQP/Ts5CYnto7NMRxUgqydErD8SJrYtmclnNKKnB9K4nNcMw5txMThy9bBpmVnAZrBzKIK+Wo38NhgGOPOJLzJAQfcsMpR0jLilmJCkNIkFChKdoTPoKfeQRYcfZOgmsKGUIRwFXx5cwU39PxMgTYua5qtNDciIWvVT8z+tHcnRux9QPI0l8PH9oFDEoA5hmA4eUEyzZTAHCnKq/QjxBHGGpEiypEKzFlZehUzcs07BuT8uNqzyOIjgCx6AKLHAGGuAGtEAbYPAInsEreNOetBftXfuYtxa0fOYQ/Cnt8wcM3Zov</latexit><latexit sha1_base64="T6tm/7rFZBDbhxTeLjOAJL6nraA=">AAACM3icjZDLSsNAFIYn9VbrLerSzWApVCghKYIiCEU3LrpQsBdoQ5hMp+3QyYWZiVhCnsCnceHGx3AnbkTc+g5O0iy0deGBYT7+/z/MnOOGjAppmq9aYWl5ZXWtuF7a2Nza3tF399oiiDgmLRywgHddJAijPmlJKhnphpwgz2Wk404uU79zR7iggX8rpyGxPTTy6ZBiJJXk6JV74sTWWTM5r2aU1GB615OaYRgzbiZHjl42DTMruAhWDmWQ1//ijv7SHwQ48ogvMUNC9CwzlHaMuKSYkaTUjwQJEZ6gEekp9JFHhB1nMyewopQBHAZcHV/CTP3ZESNPiKnnqqSH5FjMe6n4l9eL5PDUjqkfRpL4ePbQMGJQBjBdIBxQTrBkUwUIc6r+CvEYcYSlWnNJjW7ND7oI7bphmYZ1c1xuXOQ7K4IDcAiqwAInoAGuwDVoAQwewCN4Bu/ak/amfWifs2hBy3v2wa/Svr4BKqmhqA==</latexit><latexit sha1_base64="T6tm/7rFZBDbhxTeLjOAJL6nraA=">AAACM3icjZDLSsNAFIYn9VbrLerSzWApVCghKYIiCEU3LrpQsBdoQ5hMp+3QyYWZiVhCnsCnceHGx3AnbkTc+g5O0iy0deGBYT7+/z/MnOOGjAppmq9aYWl5ZXWtuF7a2Nza3tF399oiiDgmLRywgHddJAijPmlJKhnphpwgz2Wk404uU79zR7iggX8rpyGxPTTy6ZBiJJXk6JV74sTWWTM5r2aU1GB615OaYRgzbiZHjl42DTMruAhWDmWQ1//ijv7SHwQ48ogvMUNC9CwzlHaMuKSYkaTUjwQJEZ6gEekp9JFHhB1nMyewopQBHAZcHV/CTP3ZESNPiKnnqqSH5FjMe6n4l9eL5PDUjqkfRpL4ePbQMGJQBjBdIBxQTrBkUwUIc6r+CvEYcYSlWnNJjW7ND7oI7bphmYZ1c1xuXOQ7K4IDcAiqwAInoAGuwDVoAQwewCN4Bu/ak/amfWifs2hBy3v2wa/Svr4BKqmhqA==</latexit><latexit sha1_base64="T6tm/7rFZBDbhxTeLjOAJL6nraA=">AAACM3icjZDLSsNAFIYn9VbrLerSzWApVCghKYIiCEU3LrpQsBdoQ5hMp+3QyYWZiVhCnsCnceHGx3AnbkTc+g5O0iy0deGBYT7+/z/MnOOGjAppmq9aYWl5ZXWtuF7a2Nza3tF399oiiDgmLRywgHddJAijPmlJKhnphpwgz2Wk404uU79zR7iggX8rpyGxPTTy6ZBiJJXk6JV74sTWWTM5r2aU1GB615OaYRgzbiZHjl42DTMruAhWDmWQ1//ijv7SHwQ48ogvMUNC9CwzlHaMuKSYkaTUjwQJEZ6gEekp9JFHhB1nMyewopQBHAZcHV/CTP3ZESNPiKnnqqSH5FjMe6n4l9eL5PDUjqkfRpL4ePbQMGJQBjBdIBxQTrBkUwUIc6r+CvEYcYSlWnNJjW7ND7oI7bphmYZ1c1xuXOQ7K4IDcAiqwAInoAGuwDVoAQwewCN4Bu/ak/amfWifs2hBy3v2wa/Svr4BKqmhqA==</latexit>

te1:L = (te1, te2, ..., teL)
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Figure 4:MTNet Overview

vector ℎ𝑡𝑐𝑥 = 𝑊𝑡𝑐 [𝑥] for each 𝑥 ∈ 𝐸. These embedding matrices are

further learned together with MTNet (see Section 4).

Example 4: [Trajectory Representation] In step 𝑡 ∈ [1, 𝐿], based

on 𝑥𝑡−1 and 𝑡𝑐𝑡−1 output from step 𝑡 − 1, we compute
ˆ𝑡𝑑𝑡 =

ˆ𝑡𝑑𝑡−1 +

𝑡𝑐𝑡−1. Then we embed 𝑥𝑡−1 and
ˆ𝑡𝑑𝑡 are into 𝑥𝑒𝑡 = 𝑊𝑥 [𝑥𝑡−1] and

𝑡𝑑𝑡 = 𝑊𝜏 [𝜏(
ˆ𝑡𝑑𝑡 )] respectively, as input toMTNet (Figure 4 (a)). □

3.2 Trajectory Prefix Encoding
Road Knowledge Encoding. Despite embedded trajectory se-

quence itself, there exists semantic information of trajectory on

the underlying road network, which contains significant trajectory

distribution patterns. To discover these useful patterns, we collect

road properties from the road maps and encode them into infor-

mative formats. Then, we employ the road knowledge encoding

sub-module MKEncoding to concatenate encoded road edge prop-

erties and departure time information into road meta knowledge

(or knowledge in short), which assembles the time varying routing

patterns and serves to trajectory prefix encoding and the meta gen-

erator module. Specifically, we describe and encode the following

road edge properties, a few of which are neglected in the literature

(e.g., road types and directions). (1) Road length, which mainly af-

fects the travel time and routing strategies to avoid traffic lights,

is normalized into Z-score format. (2) Road type (or level), chosen

from {residential street, tertiary road, secondary road, primary road,
trunk road and motorway}, which correlates to route edge planning,

is encoded into one-hot format. (3) Geographical direction, from 0

to 2𝜋 , which mainly affects the following route edge selection, is

also normalized into Z-score format. Besides, trigonometric value

format, e.g., sin, is appended for more effective representation. (4)

Max speed, which corrects trajectory speed errors causes by GPS

biases, is normalized into Z-score format. (5) Other properties, e.g.,
oneway and living-street tags, are encoded into one-hot format.

Example 5:[Road Knowledge Encoding] In step 𝑡 ∈ [1, 𝐿] with cur-

rent route edge 𝑥𝑡−1 and departure time
ˆ𝑡𝑑𝑡 , suppose adjacent edge

set of 𝑥𝑡−1 is {𝑥𝑎1, 𝑥𝑎2, · · · , 𝑥𝑎𝑘 }, 𝑥𝑎1:𝑎𝑘 in short. It outputs knowl-

edge 𝑚𝑘𝑡 = MKEncoding (𝑊𝑥 [𝑥𝑡−1], 𝑊𝜏 [𝜏(
ˆ𝑡𝑑𝑡 )]) for encoding

trajectory prefix, and𝑚𝑘𝑎𝑖 = MKEncoding (𝑊𝑥 [𝑥𝑎𝑖 ], 𝑊𝜏 [𝜏(
ˆ𝑡𝑑𝑡 )]),

𝑥𝑎𝑖 ∈ 𝑥𝑎1:𝑎𝑘 , for the meta generator (Figure 4 (d)). □

Trajectory Prefix Encoding. Based on the spatio-temporal tra-

jectory embedding and road knowledge for each route edge, we

further encode the trajectory prefix to capture the long-term spatio-

temporal correlation between the trajectory prefix and the trajec-

tory suffix to be generated. Particularly, we adopt long short-term

memories (LSTMs) – a typical kind of recurrent neural network

that can effectively encode long-term dependency of sequence data,

to encode the critical trajectory prefix. Besides, we use fully con-

nected feedforward network following LSTMs to extract useful

hidden features from encoded prefix for the next edge generation.

Note that we adopt LSTMs for its effectiveness and succinctness,

and more sophisticated recurrent neural modules that support step

by step encoding and generation can also be applied here to further

improve the encoding performance.

Example 6:[Trajectory Prefix Encoding] In step 𝑡 ∈ [1, 𝐿], based on

ℎ𝑡−1 ∈ R𝑑ℎ for prefix 𝑥0:𝑡−2 with
ˆ𝑡𝑑1:𝑡−1, and input ⟨𝑥𝑒, 𝑡𝑒, 𝑧,𝑚𝑘⟩𝑡 ,

Recurrent steps from ℎ𝑡−1 to ℎ𝑡 , i.e., brings spatio-temporal fea-

tures of 𝑥𝑡−1 and 𝑡𝑑𝑡 into the current state. With the following

feedforward network, it outputs ℎ𝑥𝑡 ∈ R𝑑𝑜 for 𝑥𝑡 generation. □

3.3 Trajectory Generation with Meta Generator
There are hidden route planning patterns behind real-world urban

trajectory generation on the underlying road network, where each

road holds its own turning patterns according to its properties (or

knowledge). Based on this observation, we design the core func-

tional output module, i.e., meta generator module (Figure 4 (c)).

Leveraging the encoded road knowledge from Section 3.2, we pro-

pose a meta learning sub-module, named MetaLearner, to serve a

family of neural weights for trajectory generation, where weights

are optimized for each edge selection at any departure time slot.

Meta Learner. MetaLearner captures road network route planning
patterns for each road edge based on the spatio-temporal knowledge

from MKEncoding, and adapts and serves optimized settings (neural

weights) for the output neural network, for each of the next-edge

candidates. From the meta learning perspective, whether to select

a specific edge candidate as the next edge to generate at a specific

departure time slot is seen as an individual sub-task. There are

different optimized output neural networks (with different neural

weights) for each sub-task, i.e., for each road edge and departure

time slot, where experiences (patterns) learned from edges with

977



abundant real samples can be easily adapted to edges with less

samples and improve the corresponding generation performance.

MetaLearner is implemented by a single-layer fully connected

feedforward network.

Example 7:[Meta Learner] For encoded spatio-temporal knowl-

edge 𝑚𝑘𝑎𝑖 from MKEncoding, meta learner sub-module outputs

optimized (adapted) neural weights𝑊𝑎𝑖 = MetaLearner(𝑚𝑘𝑎𝑖 ). □

Output Neural Network. This sub-module is for generating route

and travel time with MaskedSoftmax and MaskedSigmoid func-

tions respectively (i.e., softmax and sigmoid functions with topology

mask in Figure 4 (e)). Specifically, for each step 𝑡 ∈ [1, 𝐿], suppose

the next route edge candidates are 𝑥𝑎1:𝑎𝑘 and the departure time

is
ˆ𝑡𝑑𝑡 . With prefix feature vector ℎ𝑥𝑡 and travel time hidden state

vectors ℎ𝑡𝑐
𝑎1:𝑎𝑘

of 𝑥𝑎1:𝑎𝑘 , it works as follows.

• Route edge generation. For each candidate edge 𝑥𝑎𝑖 ∈ 𝑥𝑎1:𝑎𝑘 ,

we get a score by the dot product of optimized neural weights

𝑊
𝑠𝑜 𝑓 𝑡

𝑎𝑖
and prefix feature vector ℎ𝑥𝑡 . Then, all scores for adjacent

edge candidates are turned into selection probabilities based on

MaskedSoftmax function. Based on multinomial sampling over

these probabilities, we randomly choose one candidate as the

next generated edge, where there exists a stop flag (virtual edge)

used for trajectory early stop.

• Travel time generation. Travel time of currently selected edge

is produced by the dot product of the corresponding optimized

neural weights𝑊
𝑠𝑖𝑔

𝑎𝑖
and travel time state vector ℎ𝑡𝑐

𝑎𝑖
, where the

result is passed through a sigmoid function to generate a rescaled

travel time 𝑡𝑐𝑡 ∈ [0, 1], for numerical stability.

Example 8:[Output Neural Network] For time step 𝑡 ∈ [1, 𝐿], it

generates 𝑥𝑡 = MaskedSoftmax (𝑊
𝑠𝑜 𝑓 𝑡

𝑎1:𝑎𝑘
, ℎ𝑥𝑡 ), i.e., sampling based

on softmax score ℎ𝑥𝑡 ·𝑊
𝑠𝑜 𝑓 𝑡

𝑎𝑖
, 𝑖 ∈ [1, 𝑘]. It also generates 𝑡𝑐𝑡 =

MaskedSigmoid(𝑊
𝑠𝑖𝑔

𝑎1:𝑎𝑘
, ℎ𝑡𝑐

𝑎1:𝑎𝑘
, 𝑥𝑡 ), where ℎ𝑡𝑐

𝑎1:𝑎𝑘
= 𝑊𝑡𝑐 [𝑥𝑎1:𝑎𝑘 ]. □

Example 9:[Trajectory Generation Dataflow] We show a dataflow

example in Figure 5. 𝑥 (3)
with 𝑡𝑐1, and ℎ1 for prefix (𝑥 (1)

) and
ˆ𝑡𝑑1:1

are given for 𝑡 = 1. For 𝑡 = 2, we input ⟨𝑥𝑒, 𝑡𝑒⟩2 and𝑚𝑘2 for 𝑥
(3)

and

ˆ𝑡𝑑2.𝑚𝑘𝑎1:𝑎3 are computed for adjacent edges (Figure 5 (a)). ℎ𝑥
2
for

prefix (𝑥 (1), 𝑥 (3)
) and

ˆ𝑡𝑑1:2 is computed, where we update state to ℎ2

(Figure 5 (b)). Then,𝑊
𝑠𝑜 𝑓 𝑡

𝑎1:𝑎3
and𝑊

𝑠𝑖𝑔

𝑎1:𝑎3
are computed (Figure 5 (c)).

Finally, 𝑥2 and 𝑡𝑐2 are generated (Figure 5 (d)). □

3.4 Supporting Trajectory Applications
There are four mainstream applications on map-matched trajecto-

ries [47], i.e., trajectory clustering (e.g., popularity ranking), predic-

tion (e.g., trajectory suffix prediction), planning (e.g., travel time

estimation) and historical trajectory querying (e.g., anomaly detec-

tion).MTNet can support the first three types of trajectory analysis

applications except for querying historical trajectories, because

the generative model learns the inherent statistical patterns rather

than purely remembers historical trajectories, e.g., it overlooks the
occasional historical anomalies.

Trajectory Generation.MTNet learned from real big trajectory

data can be used to generate synthetic yet representative trajec-

tories that preserve the statistics in the original trajectory data.

Thus we do not need to store and maintain the original large vol-

ume of trajectory data in normal use cases. We support trajectory

generation in different granularities based on the superior model

formulation in Equation 3, i.e., generate samples for any subset of

origin edges and any period of departure time. For example, given

a trajectory dataset, MTNet can generate synthetic trajectories

for each fixed origin, which achieves similar performance as the

original data on real-world travel time estimation task (empirically

evaluated in Section 5).

Directly Supporting Trajectory Applications. We formulate

MTNet to be able to directly support statistical trajectory analysis

without generating trajectories. We use the following applications

as examples to show how to useMTNet to support real applications.
(1) Trajectory popularity ranking. Given a set of trajectories,MT-
Net can be used to rank them by their time dependent popularity.

It inputs trajectory route candidates {𝑥0:𝐿} and departure time con-

dition 𝑡𝑑1. It computes probabilities MTNet(𝑥𝑡 = 𝑥𝑡 |𝑥0:𝑡−1, ˆ𝑡𝑑1:𝑡 ),

∀𝑡 ∈ [1, 𝐿], as rank values to compare time-dependent popularities.

(2) Trajectory suffix prediction. Given a trajectory prefix (e.g., an ori-
gin with departure time),MTNet searches the most promising suffix

by maintaining promising candidates set according to generation

probability in each step during the suffix generation process.

(3)Time-dependent travel time prediction. Given a trajectory with a

departure time,MTNet can directly estimate the travel time of each

route edge. Specifically, the input is a route 𝑥1:𝐿 and departure time

𝑡𝑑1 from 𝑥1, and 𝑥1:𝐿 is padded with 𝑥0 that is adjacent to 𝑥1, as

input condition. In step 𝑡 = 1, we input 𝑥0 and 𝑡𝑑1, MTNet outputs
𝑡𝑐𝑎1:𝑎𝑘 of 𝑥1, Then in step 𝑡 = 2, we input 𝑥1 and

ˆ𝑡𝑑2 = 𝑡𝑑1 + 𝑡𝑐1

and get 𝑡𝑐2. We repeat above steps until we finish step 𝑡 = 𝐿, and

get the whole accumulated estimated travel time.

4 DIFFERENTIALLY PRIVATEMTNET
We introduce how to learn differentially private MTNet to effec-

tively and efficiently model noisy trajectory data while preserving

individual trajectory privacy. We set up the training loss function

with two parts: learning trajectory route distribution and the cor-

responding travel time distribution. For trajectory route, we use

negative log-likelihood (NLL) loss, shown in Equation 4, which is

the accumulated loss for each time step 𝑡 ∈ [1, 𝐿]. For travel time,

we use mean absolute loss (MAE) in Equation 5, which is the accu-

mulated travel time absolute error for each step 𝑡 ∈ [1, 𝐿]. Note that

MAE (rather than mean square error (MSE)) is used here for improv-

ing the resistance to travel time outliers because MAE pays more

attention (gradients) to outliers that deviated frommean travel time,

e.g., when the vehicle idles or stops on roads for some reasons. We

use a hyper-parameter 𝜆 to balance the influence of these two parts,

in Equation 6, where 𝜃 denotes all trainable parameters, and we

optimize 𝜃 to minimize the total loss L.

L𝑥 = −E𝑥
0:𝐿 ,𝑡𝑑1:𝐿∼𝑝𝑑𝑎𝑡𝑎 [

𝐿∑︁
𝑡=1

log G𝜃 (𝑥𝑡 = 𝑥𝑡 |𝑥0:𝑡−1, 𝑡𝑑1:𝑡 )] (4)

L𝑡 = E𝑥
0:𝐿 ,𝑡𝑑1:𝐿 ,𝑡𝑐1:𝐿∼𝑝𝑑𝑎𝑡𝑎 [

𝐿∑︁
𝑡=1

|𝑡𝑐𝑡 − G𝜃 ( ˆ𝑡𝑐𝑡 |𝑥0:𝑡 , 𝑡𝑑1:𝑡 ) |] (5)

min

𝜃
L = L𝑥 + 𝜆L𝑡 (6)

Weadopt differentially private stochastic gradient decentmethod

(DPSGD) [1] to learnMTNet, where real trajectory route and travel
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<latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit><latexit sha1_base64="Vbq3tQVUvvx0t4sna+K6VCfpQ1E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWj4/nfSKJbfizkCWiZeREmSo9YpfnX7EkhClYYJq3fbc2HRTqgxnAieFTqIxpmxEB9i2VNIQdTednTshJ1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxARX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ46ziuRXv7qJUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmeyPEg==</latexit>

x(4)
<latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit><latexit sha1_base64="Xt6GBTRyzjCnzQU7nzpBY0ajTkE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAnoMevEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pOXq+bRXLLkVdw6ySryMlCBDvVf86vYjloRcIZPUmI7nxuinVKNgkk8L3cTwmLIxHfKOpYqG3Pjp/NwpObNKnwwibUshmau/J1IaGjMJA9sZUhyZZW8m/ud1Ehxc+alQcYJcscWiQSIJRmT2O+kLzRnKiSWUaWFvJWxENWVoEyrYELzll1dJ86LiuRXvrlqqXWdx5OEETqEMHlxCDW6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHm3KPEw==</latexit>

x(1)
<latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit><latexit sha1_base64="DPQx7Tnv74hJ+70fM40/Y3VJyD8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPaWDbbSbt0swm7G7GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqzUenrIKt7ZpFcqu1V3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOq5Ve/uoly7zuMowDGcQAU8uIQa3EIdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx+W4I8Q</latexit>

(a) Input Processing  

LSTM LSTM Feed Forward

mka1
<latexit sha1_base64="jY+nchC7UHs92e7oGRT91xaiz3M=">AAAB7nicbZDLSgMxFIbP1Futt6rgxk2wCK7KxI0ui25ctmAv0A41k2baMElmSDJCGfoQblwo4tbncefGZzG9LLT1h8DH/59DzjlhKrixvv/lFdbWNza3itulnd29/YPy4VHLJJmmrEkTkehOSAwTXLGm5VawTqoZkaFg7TC+nebtR6YNT9S9HacskGSoeMQpsc5qy7ifEzzplyt+1Z8JrQJeQKV20vh+AIB6v/zZGyQ0k0xZKogxXeynNsiJtpwKNin1MsNSQmMyZF2Hikhmgnw27gSdO2eAokS7pyyaub87ciKNGcvQVUpiR2Y5m5r/Zd3MRtdBzlWaWabo/KMoE8gmaLo7GnDNqBVjB4Rq7mZFdEQ0odZdqOSOgJdXXoXWZRX7VdzAldoNzFWEUziDC8BwBTW4gzo0gUIMT/ACr17qPXtv3vu8tOAteo7hj7yPH9DLkWM=</latexit><latexit sha1_base64="+OwUAUmKJUECEFw2WtapPex/I98=">AAAB7nicbZDLSgMxFIbP1Futt6rgxk2wCK7KxI0uS924bMFeoB1KJs20oUlmSDJCGfoQblwo4taNb+ETuHPjs5heFtr6Q+Dj/88h55wwEdxY3//ycmvrG5tb+e3Czu7e/kHx8Khp4lRT1qCxiHU7JIYJrljDcitYO9GMyFCwVji6meate6YNj9WdHScskGSgeMQpsc5qyVEvI3jSK5b8sj8TWgW8gFLlpP7N36sftV7xs9uPaSqZslQQYzrYT2yQEW05FWxS6KaGJYSOyIB1HCoimQmy2bgTdO6cPopi7Z6yaOb+7siINGYsQ1cpiR2a5Wxq/pd1UhtdBxlXSWqZovOPolQgG6Pp7qjPNaNWjB0QqrmbFdEh0YRad6GCOwJeXnkVmpdl7JdxHZcqVZgrD6dwBheA4QoqcAs1aACFETzAEzx7iffovXiv89Kct+g5hj/y3n4AIhuTHw==</latexit><latexit sha1_base64="+OwUAUmKJUECEFw2WtapPex/I98=">AAAB7nicbZDLSgMxFIbP1Futt6rgxk2wCK7KxI0uS924bMFeoB1KJs20oUlmSDJCGfoQblwo4taNb+ETuHPjs5heFtr6Q+Dj/88h55wwEdxY3//ycmvrG5tb+e3Czu7e/kHx8Khp4lRT1qCxiHU7JIYJrljDcitYO9GMyFCwVji6meate6YNj9WdHScskGSgeMQpsc5qyVEvI3jSK5b8sj8TWgW8gFLlpP7N36sftV7xs9uPaSqZslQQYzrYT2yQEW05FWxS6KaGJYSOyIB1HCoimQmy2bgTdO6cPopi7Z6yaOb+7siINGYsQ1cpiR2a5Wxq/pd1UhtdBxlXSWqZovOPolQgG6Pp7qjPNaNWjB0QqrmbFdEh0YRad6GCOwJeXnkVmpdl7JdxHZcqVZgrD6dwBheA4QoqcAs1aACFETzAEzx7iffovXiv89Kct+g5hj/y3n4AIhuTHw==</latexit><latexit sha1_base64="RXP1Dtay1EThMoeLrF10v5kf3QM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9l40WPRi8cKbltol5JNs23YJLskWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZelAlurO9/e5WNza3tnepubW//4PCofnzSMWmuKQtoKlLdi4hhgisWWG4F62WaERkJ1o2Su7nffWLa8FQ92mnGQknGisecEuukrkyGBcGzYb3hN/0F0DrBJWlAifaw/jUYpTSXTFkqiDF97Gc2LIi2nAo2qw1ywzJCEzJmfUcVkcyExeLcGbpwygjFqXalLFqovycKIo2Zysh1SmInZtWbi/95/dzGN2HBVZZbpuhyUZwLZFM0/x2NuGbUiqkjhGrubkV0QjSh1iVUcyHg1ZfXSeeqif0mfsCN1m0ZRxXO4BwuAcM1tOAe2hAAhQSe4RXevMx78d69j2VrxStnTuEPvM8fQjOPfg==</latexit>

mka2
<latexit sha1_base64="jnXMru0UHHixZDwCYsEqmZdl05I=">AAAB7nicbZDLSgMxFIbP1Futt6rgxk2wCK7KTDe6LLpx2YJthXaomTTThkkyIckIZehDuHGhiFufx50bn8X0stDWHwIf/38OOedEijNjff/LK6ytb2xuFbdLO7t7+wflw6O2STNNaIukPNX3ETaUM0lblllO75WmWEScdqLkZpp3Hqk2LJV3dqxoKPBQspgRbJ3VEUk/x7VJv1zxq/5MaBWCBVTqJ83vBwBo9MufvUFKMkGlJRwb0w18ZcMca8sIp5NSLzNUYZLgIe06lFhQE+azcSfo3DkDFKfaPWnRzP3dkWNhzFhErlJgOzLL2dT8L+tmNr4KcyZVZqkk84/ijCObounuaMA0JZaPHWCimZsVkRHWmFh3oZI7QrC88iq0a9XArwbNoFK/hrmKcApncAEBXEIdbqEBLSCQwBO8wKunvGfvzXuflxa8Rc8x/JH38QPSUJFk</latexit><latexit sha1_base64="XmKM9+WkRJoueIDh89g9E0kYFDo=">AAAB7nicbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmw87MLjOzQljyEDYWitja+BY+gZ2Nz+LkUmjiDwMf/38Oc84JEs60cd0vJ7exubW9k98t7O0fHB4Vj0/aOk4VoS0S81h1A6wpZ5K2DDOcdhNFsQg47QTRzSzv3FOlWSzvzCShvsAjyUJGsLFWR0SDDFemg2LJLbtzoXXwllCqnTW/2Xv9ozEofvaHMUkFlYZwrHXPcxPjZ1gZRjidFvqppgkmER7RnkWJBdV+Nh93ii6tM0RhrOyTBs3d3x0ZFlpPRGArBTZjvZrNzP+yXmrCaz9jMkkNlWTxUZhyZGI02x0NmaLE8IkFTBSzsyIyxgoTYy9UsEfwVldeh3al7Lllr+mVanVYKA/ncAFX4EEVanALDWgBgQge4AmencR5dF6c10Vpzln2nMIfOW8/I6CTIA==</latexit><latexit sha1_base64="XmKM9+WkRJoueIDh89g9E0kYFDo=">AAAB7nicbZC7SgNBFIbPxluMt6hgYzMYBKuwmyaWITaWCZgLJEuYncwmw87MLjOzQljyEDYWitja+BY+gZ2Nz+LkUmjiDwMf/38Oc84JEs60cd0vJ7exubW9k98t7O0fHB4Vj0/aOk4VoS0S81h1A6wpZ5K2DDOcdhNFsQg47QTRzSzv3FOlWSzvzCShvsAjyUJGsLFWR0SDDFemg2LJLbtzoXXwllCqnTW/2Xv9ozEofvaHMUkFlYZwrHXPcxPjZ1gZRjidFvqppgkmER7RnkWJBdV+Nh93ii6tM0RhrOyTBs3d3x0ZFlpPRGArBTZjvZrNzP+yXmrCaz9jMkkNlWTxUZhyZGI02x0NmaLE8IkFTBSzsyIyxgoTYy9UsEfwVldeh3al7Lllr+mVanVYKA/ncAFX4EEVanALDWgBgQge4AmencR5dF6c10Vpzln2nMIfOW8/I6CTIA==</latexit><latexit sha1_base64="2LTes3mSyaRBGc/xhTC4JrR7Vmc=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHMByRHmNvsJUt2947dPSEc+RE2ForY+nvs/Ddukis08cHA470ZZuZFqeDG+v63t7G5tb2zW9or7x8cHh1XTk7bJsk0ZS2aiER3IzRMcMVallvBuqlmKCPBOtHkbu53npg2PFGPdpqyUOJI8ZhTtE7qyMkgx/psUKn6NX8Bsk6CglShQHNQ+eoPE5pJpiwVaEwv8FMb5qgtp4LNyv3MsBTpBEes56hCyUyYL86dkUunDEmcaFfKkoX6eyJHacxURq5Toh2bVW8u/uf1MhvfhDlXaWaZostFcSaITcj8dzLkmlErpo4g1dzdSugYNVLrEiq7EILVl9dJu14L/FrwEFQbt0UcJTiHC7iCAK6hAffQhBZQmMAzvMKbl3ov3rv3sWzd8IqZM/gD7/MHQ7iPfw==</latexit>

mka3
<latexit sha1_base64="J8hptILRtx3ajF3W39Ld92bhtz4=">AAAB7nicbZDLSgMxFIbPeK31VhXcuAkWwVWZ0YUui25ctmAv0A41k2baMEkmJBmhDH0INy4UcevzuHPjs5heFtr6Q+Dj/88h55xIcWas7395K6tr6xubha3i9s7u3n7p4LBp0kwT2iApT3U7woZyJmnDMstpW2mKRcRpK0puJ3nrkWrDUnlvR4qGAg8kixnB1lktkfRyfDnulcp+xZ8KLUMwh3L1uP79AAC1Xumz209JJqi0hGNjOoGvbJhjbRnhdFzsZoYqTBI8oB2HEgtqwnw67hidOaeP4lS7Jy2aur87ciyMGYnIVQpsh2Yxm5j/ZZ3MxtdhzqTKLJVk9lGccWRTNNkd9ZmmxPKRA0w0c7MiMsQaE+suVHRHCBZXXobmRSXwK0E9KFdvYKYCnMApnEMAV1CFO6hBAwgk8AQv8Oop79l7895npSvevOcI/sj7+AHT1ZFl</latexit><latexit sha1_base64="Cyq6jw8sAAvPLGwCFUNU4/Zcqf8=">AAAB7nicbZC7SgNBFIbPxluMt6hgYzMYBKuwawotQ2wsEzAXSJYwO5lNhp2ZXWZmhbDkIWwsFLG18S18Ajsbn8XJpdDEHwY+/v8c5pwTJJxp47pfTm5tfWNzK79d2Nnd2z8oHh61dJwqQpsk5rHqBFhTziRtGmY47SSKYhFw2g6im2nevqdKs1jemXFCfYGHkoWMYGOttoj6Ga5M+sWSW3ZnQqvgLaBUPWl8s/faR71f/OwNYpIKKg3hWOuu5ybGz7AyjHA6KfRSTRNMIjykXYsSC6r9bDbuBJ1bZ4DCWNknDZq5vzsyLLQei8BWCmxGejmbmv9l3dSE137GZJIaKsn8ozDlyMRoujsaMEWJ4WMLmChmZ0VkhBUmxl6oYI/gLa+8Cq3LsueWvYZXqtZgrjycwhlcgAdXUIVbqEMTCETwAE/w7CTOo/PivM5Lc86i5xj+yHn7ASUlkyE=</latexit><latexit sha1_base64="Cyq6jw8sAAvPLGwCFUNU4/Zcqf8=">AAAB7nicbZC7SgNBFIbPxluMt6hgYzMYBKuwawotQ2wsEzAXSJYwO5lNhp2ZXWZmhbDkIWwsFLG18S18Ajsbn8XJpdDEHwY+/v8c5pwTJJxp47pfTm5tfWNzK79d2Nnd2z8oHh61dJwqQpsk5rHqBFhTziRtGmY47SSKYhFw2g6im2nevqdKs1jemXFCfYGHkoWMYGOttoj6Ga5M+sWSW3ZnQqvgLaBUPWl8s/faR71f/OwNYpIKKg3hWOuu5ybGz7AyjHA6KfRSTRNMIjykXYsSC6r9bDbuBJ1bZ4DCWNknDZq5vzsyLLQei8BWCmxGejmbmv9l3dSE137GZJIaKsn8ozDlyMRoujsaMEWJ4WMLmChmZ0VkhBUmxl6oYI/gLa+8Cq3LsueWvYZXqtZgrjycwhlcgAdXUIVbqEMTCETwAE/w7CTOo/PivM5Lc86i5xj+yHn7ASUlkyE=</latexit><latexit sha1_base64="uNqtXjKvXpMNPRsVdBgTN+jgzhc=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0WWgZtLCOYD0iOsLeZS5bs7h27e0I48iNsLBSx9ffY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kltOe7n9Grar1T9mj8HWSVBQapQoNGvfPUGCcskKssENaYb+KkNc6otZwKn5V5mMKVsTIfYdVRRiSbM5+dOyblTBiROtCtlyVz9PZFTacxERq5TUjsyy95M/M/rZja+CXOu0syiYotFcSaITcjsdzLgGpkVE0co09zdStiIasqsS6jsQgiWX14lrcta4NeCh6Bavy3iKMEpnMEFBHANdbiHBjSBwRie4RXevNR78d69j0XrmlfMnMAfeJ8/RT2PgA==</latexit>
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W soft
a1

<latexit sha1_base64="YCwZCJwHM6kYR2cfpa8I67UPjxQ=">AAAB9HicbVC7SgNBFL0bXzG+opY2i4tgFXZsFGyCNpYRzAOSNc5OZpMhszPrzGwgLPsNljYWitj6MXb+jZNHoYkHLhzOuZd77wkTzrTx/W+nsLK6tr5R3Cxtbe/s7pX3DxpaporQOpFcqlaINeVM0LphhtNWoiiOQ06b4fB64jdHVGkmxZ0ZJzSIcV+wiBFsrBQ07zMtI5N3M4zybtnzK/4U7jJBc+JVvafLBwCodctfnZ4kaUyFIRxr3UZ+YoIMK8MIp3mpk2qaYDLEfdq2VOCY6iCbHp27J1bpuZFUtoRxp+rviQzHWo/j0HbG2Az0ojcR//PaqYkugoyJJDVUkNmiKOWuke4kAbfHFCWGjy3BRDF7q0sGWGFibE4lGwJafHmZNM4qyK+gW+RVr2CGIhzBMZwCgnOowg3UoA4EHuEZXuHNGTkvzrvzMWstOPOZQ/gD5/MHNBWT2A==</latexit><latexit sha1_base64="r5Sxg8eq1SDFj/SRUgZMs/rwdUw=">AAAB9HicbVDLSgMxFM3UV62vqktdBAfBVZm4UXBTdOOygn1gO5ZMJtOGZpIxyRTKMN/g0o0LRdyJH+POvzF9LLT1wIXDOfdy7z1Bwpk2nvftFJaWV1bXiuuljc2t7Z3y7l5Dy1QRWieSS9UKsKacCVo3zHDaShTFccBpMxhcjf3mkCrNpLg1o4T6Me4JFjGCjZX85n2mZWTyboZR3i27XsWbAC4SNCNu1X28CO8OP2rd8lcnlCSNqTCEY63byEuMn2FlGOE0L3VSTRNMBrhH25YKHFPtZ5Ojc3hslRBGUtkSBk7U3xMZjrUexYHtjLHp63lvLP7ntVMTnfsZE0lqqCDTRVHKoZFwnAAMmaLE8JElmChmb4WkjxUmxuZUsiGg+ZcXSeO0grwKukFu9RJMUQQH4AicAATOQBVcgxqoAwIewBN4Aa/O0Hl23pz3aWvBmc3sgz9wPn8AvJ6U/g==</latexit><latexit sha1_base64="r5Sxg8eq1SDFj/SRUgZMs/rwdUw=">AAAB9HicbVDLSgMxFM3UV62vqktdBAfBVZm4UXBTdOOygn1gO5ZMJtOGZpIxyRTKMN/g0o0LRdyJH+POvzF9LLT1wIXDOfdy7z1Bwpk2nvftFJaWV1bXiuuljc2t7Z3y7l5Dy1QRWieSS9UKsKacCVo3zHDaShTFccBpMxhcjf3mkCrNpLg1o4T6Me4JFjGCjZX85n2mZWTyboZR3i27XsWbAC4SNCNu1X28CO8OP2rd8lcnlCSNqTCEY63byEuMn2FlGOE0L3VSTRNMBrhH25YKHFPtZ5Ojc3hslRBGUtkSBk7U3xMZjrUexYHtjLHp63lvLP7ntVMTnfsZE0lqqCDTRVHKoZFwnAAMmaLE8JElmChmb4WkjxUmxuZUsiGg+ZcXSeO0grwKukFu9RJMUQQH4AicAATOQBVcgxqoAwIewBN4Aa/O0Hl23pz3aWvBmc3sgz9wPn8AvJ6U/g==</latexit><latexit sha1_base64="ZT8vQxr+muF2M1+AbKdRUY4Qwm0=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqWy86LHoxWMF+wHtWrJptg3NJmsyWyjL/g4vHhTx6o/x5r8xbfeg1QcDj/dmmJkXJlJY8P0vr7S2vrG5Vd6u7Ozu7R9UD4/aVqeG8RbTUptuSC2XQvEWCJC8mxhO41DyTji5mfudKTdWaHUPs4QHMR0pEQlGwUlB5yGzOoJ8kFGSD6o1v+4vgP8SUpAaKtAcVD/7Q83SmCtgklrbI34CQUYNCCZ5XumnlieUTeiI9xxVNOY2yBZH5/jMKUMcaeNKAV6oPycyGls7i0PXGVMY21VvLv7n9VKIroJMqCQFrthyUZRKDBrPE8BDYTgDOXOEMiPcrZiNqaEMXE4VFwJZffkvaV/UiV8nd6TWuC7iKKMTdIrOEUGXqIFuURO1EEOP6Am9oFdv6j17b977srXkFTPH6Be8j28bvZJL</latexit>

W soft
a2

<latexit sha1_base64="q5Bfdjy57nt5BIyZDER9XK6m+iE=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmcBGswm4aBZugjWUE84BkjbOT2WTI7Mw6MxsIy36DpY2FIrZ+jJ1/4+RRaOKBC4dz7uXee8KEM20879tZWV1b39gsbBW3d3b39ksHhw0tU0VonUguVSvEmnImaN0ww2krURTHIafNcHg98ZsjqjST4s6MExrEuC9YxAg2Vgqa95mWkcm7Ga7k3ZLrlb0p0DLx58Stuk+XDwBQ65a+Oj1J0pgKQzjWuu17iQkyrAwjnObFTqppgskQ92nbUoFjqoNsenSOTq3SQ5FUtoRBU/X3RIZjrcdxaDtjbAZ60ZuI/3nt1EQXQcZEkhoqyGxRlHJkJJokgHpMUWL42BJMFLO3IjLAChNjcyraEPzFl5dJo1L2vbJ/67vVK5ihAMdwAmfgwzlU4QZqUAcCj/AMr/DmjJwX5935mLWuOPOZI/gD5/MHNZqT2Q==</latexit><latexit sha1_base64="wx0DA5D+2UoONhzpXI6JJKCOPF8=">AAAB9HicbVDLSsNAFL2pr1pfVZe6CAbBVUm6UXBTdOOygn1gjWUymbRDJzNxZlIoId/g0o0LRdyJH+POv3H6WGjrgQuHc+7l3nuChFGlXffbKiwtr6yuFddLG5tb2zvl3b2mEqnEpIEFE7IdIEUY5aShqWaknUiC4oCRVjC4HPutIZGKCn6jRwnxY9TjNKIYaSP5rftMiUjn3QxV827ZcSvuBPYi8WbEqTmP5+Ht4Ue9W/66CwVOY8I1Zkipjucm2s+Q1BQzkpfuUkUShAeoRzqGchQT5WeTo3P72CihHQlpimt7ov6eyFCs1CgOTGeMdF/Ne2PxP6+T6ujMzyhPUk04ni6KUmZrYY8TsEMqCdZsZAjCkppbbdxHEmFtciqZELz5lxdJs1rx3Ip37Tm1C5iiCAdwBCfgwSnU4Arq0AAMD/AEL/BqDa1n6816n7YWrNnMPvyB9fkDviOU/w==</latexit><latexit sha1_base64="wx0DA5D+2UoONhzpXI6JJKCOPF8=">AAAB9HicbVDLSsNAFL2pr1pfVZe6CAbBVUm6UXBTdOOygn1gjWUymbRDJzNxZlIoId/g0o0LRdyJH+POv3H6WGjrgQuHc+7l3nuChFGlXffbKiwtr6yuFddLG5tb2zvl3b2mEqnEpIEFE7IdIEUY5aShqWaknUiC4oCRVjC4HPutIZGKCn6jRwnxY9TjNKIYaSP5rftMiUjn3QxV827ZcSvuBPYi8WbEqTmP5+Ht4Ue9W/66CwVOY8I1Zkipjucm2s+Q1BQzkpfuUkUShAeoRzqGchQT5WeTo3P72CihHQlpimt7ov6eyFCs1CgOTGeMdF/Ne2PxP6+T6ujMzyhPUk04ni6KUmZrYY8TsEMqCdZsZAjCkppbbdxHEmFtciqZELz5lxdJs1rx3Ip37Tm1C5iiCAdwBCfgwSnU4Arq0AAMD/AEL/BqDa1n6816n7YWrNnMPvyB9fkDviOU/w==</latexit><latexit sha1_base64="73b4TQ4hMvjpPDosUPWb3DKEoaE=">AAAB9HicbVA9TwJBEJ3DL8Qv1NLmIjGxInc0WhJtLDGRjwROsrfswYa93XN3joRc+B02Fhpj64+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0jEo1ZU2qhNKdkBgmuGRN5ChYJ9GMxKFg7XB8O/fbE6YNV/IBpwkLYjKUPOKUoJWC9mNmVISzfkZqs3654lW9Bdx14uekAjka/fJXb6BoGjOJVBBjur6XYJARjZwKNiv1UsMSQsdkyLqWShIzE2SLo2fuhVUGbqS0LYnuQv09kZHYmGkc2s6Y4MisenPxP6+bYnQdZFwmKTJJl4uiVLio3HkC7oBrRlFMLSFUc3urS0dEE4o2p5INwV99eZ20alXfq/r3fqV+k8dRhDM4h0vw4QrqcAcNaAKFJ3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AHUKSTA==</latexit>

W soft
a3

<latexit sha1_base64="+n2BmkVGYvxPBhEJbYpHRaOih1M=">AAAB9HicbVC7SgNBFL0bXzG+opY2g4tgFXa1ULAJ2lhGMA9I1jg7mU2GzM6sM7OBsOw3WNpYKGLrx9j5N04ehUYPXDiccy/33hMmnGnjeV9OYWl5ZXWtuF7a2Nza3inv7jW0TBWhdSK5VK0Qa8qZoHXDDKetRFEch5w2w+HVxG+OqNJMilszTmgQ475gESPYWClo3mVaRibvZvg075Zdr+JNgf4Sf07cqvt4cQ8AtW75s9OTJI2pMIRjrdu+l5ggw8owwmle6qSaJpgMcZ+2LRU4pjrIpkfn6MgqPRRJZUsYNFV/TmQ41noch7YzxmagF72J+J/XTk10HmRMJKmhgswWRSlHRqJJAqjHFCWGjy3BRDF7KyIDrDAxNqeSDcFffPkvaZxUfK/i3/hu9RJmKMIBHMIx+HAGVbiGGtSBwAM8wQu8OiPn2Xlz3metBWc+sw+/4Hx8Azcfk9o=</latexit><latexit sha1_base64="JKX3uz+VcsfvyJrbfe9fMPOVfVU=">AAAB9HicbVBNS8NAEN3Ur1q/qh71sBgETyXRg4KXohePFewHtrFsNpt26WYTdyeFEvIbPHrxoIg38cd489+4bT1o64OBx3szzMzzE8E1OM6XVVhYXFpeKa6W1tY3NrfK2zsNHaeKsjqNRaxaPtFMcMnqwEGwVqIYiXzBmv7gcuw3h0xpHssbGCXMi0hP8pBTAkbymneZjkPIuxk5ybtl26k4E+B54v4Qu2o/nAe3+++1bvmzE8Q0jZgEKojWbddJwMuIAk4Fy0udVLOE0AHpsbahkkRMe9nk6BwfGiXAYaxMScAT9fdERiKtR5FvOiMCfT3rjcX/vHYK4ZmXcZmkwCSdLgpTgSHG4wRwwBWjIEaGEKq4uRXTPlGEgsmpZEJwZ1+eJ43jiutU3GvXrl6gKYpoDx2gI+SiU1RFV6iG6oiie/SIntGLNbSerFfrbdpasH5mdtEfWB/fv6iVAA==</latexit><latexit sha1_base64="JKX3uz+VcsfvyJrbfe9fMPOVfVU=">AAAB9HicbVBNS8NAEN3Ur1q/qh71sBgETyXRg4KXohePFewHtrFsNpt26WYTdyeFEvIbPHrxoIg38cd489+4bT1o64OBx3szzMzzE8E1OM6XVVhYXFpeKa6W1tY3NrfK2zsNHaeKsjqNRaxaPtFMcMnqwEGwVqIYiXzBmv7gcuw3h0xpHssbGCXMi0hP8pBTAkbymneZjkPIuxk5ybtl26k4E+B54v4Qu2o/nAe3+++1bvmzE8Q0jZgEKojWbddJwMuIAk4Fy0udVLOE0AHpsbahkkRMe9nk6BwfGiXAYaxMScAT9fdERiKtR5FvOiMCfT3rjcX/vHYK4ZmXcZmkwCSdLgpTgSHG4wRwwBWjIEaGEKq4uRXTPlGEgsmpZEJwZ1+eJ43jiutU3GvXrl6gKYpoDx2gI+SiU1RFV6iG6oiie/SIntGLNbSerFfrbdpasH5mdtEfWB/fv6iVAA==</latexit><latexit sha1_base64="6LDVo3OuvRMzQr1jvaN9fYzduk0=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe600DJoYxnBfEByhr3NXrJkb+/cnQuEI7/DxkIRW3+Mnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6wEnC/YgOlAgFo2glv/WYmTjEaS+jl9NeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn86On5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBhe+5lQSYpcscWiMJUEYzJLgPSF5gzlxBLKtLC3EjakmjK0OZVsCN7yy6ukeVH13Kp371VqN3kcRTiBUzgHD66gBndQhwYweIJneIU3Z+y8OO/Ox6K14OQzx/AHzucPHseSTQ==</latexit>

Load  Weights
Sampling

W sig
a3

<latexit sha1_base64="VWtk9VZod2rZi9ICjo/Icb5248U=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFg/BKtxpoWATtLGMYD4gOePcZpMs2ds7dveEcNxvsLOxUMTWP2Pnv3GTWGjig4HHezPMzAsTwbXxvC+nsLS8srpWXC9tbG5t75R39xo6ThVldRqLWLVC1ExwyeqGG8FaiWIYhYI1w9HVxG8+MKV5LG/NOGFBhAPJ+5yisVKneZdpPsi7GZ7m3bLrVbwpyCLxf4hbdR8v7gGg1i1/dnoxTSMmDRWoddv3EhNkqAynguWlTqpZgnSEA9a2VGLEdJBNb87JkVV6pB8rW9KQqfp7IsNI63EU2s4IzVDPexPxP6+dmv55kHGZpIZJOlvUTwUxMZkEQHpcMWrE2BKkittbCR2iQmpsTCUbgj//8iJpnFR8r+Lf+G71EmYowgEcwjH4cAZVuIYa1IFCAk/wAq9O6jw7b877rLXg/Mzswx84H99VXpNX</latexit><latexit sha1_base64="qMlyTTPiwK82EGlx5PW9iPDVmCY=">AAAB83icbVDLSsNAFL2pr1pfVZe6GAyCq5LYhYKbohuXFewD21gmk0k7dDIJMxOhhHyDOzcuFHGpP+POv3H6WGjrgQuHc+7l3nv8hDOlHefbKiwtr6yuFddLG5tb2zvl3b2milNJaIPEPJZtHyvKmaANzTSn7URSHPmctvzh1dhvPVCpWCxu9SihXoT7goWMYG2kbus+U6yf9zJczXtl26k4E6BF4s6IXbMfL4K7w496r/zVDWKSRlRowrFSHddJtJdhqRnhNC91U0UTTIa4TzuGChxR5WWTm3N0bJQAhbE0JTSaqL8nMhwpNYp80xlhPVDz3lj8z+ukOjz3MiaSVFNBpovClCMdo3EAKGCSEs1HhmAimbkVkQGWmGgTU8mE4M6/vEiapxXXqbg3rl27hCmKcABHcAIunEENrqEODSCQwBO8wKuVWs/Wm/U+bS1Ys5l9+APr8wfd55R9</latexit><latexit sha1_base64="qMlyTTPiwK82EGlx5PW9iPDVmCY=">AAAB83icbVDLSsNAFL2pr1pfVZe6GAyCq5LYhYKbohuXFewD21gmk0k7dDIJMxOhhHyDOzcuFHGpP+POv3H6WGjrgQuHc+7l3nv8hDOlHefbKiwtr6yuFddLG5tb2zvl3b2milNJaIPEPJZtHyvKmaANzTSn7URSHPmctvzh1dhvPVCpWCxu9SihXoT7goWMYG2kbus+U6yf9zJczXtl26k4E6BF4s6IXbMfL4K7w496r/zVDWKSRlRowrFSHddJtJdhqRnhNC91U0UTTIa4TzuGChxR5WWTm3N0bJQAhbE0JTSaqL8nMhwpNYp80xlhPVDz3lj8z+ukOjz3MiaSVFNBpovClCMdo3EAKGCSEs1HhmAimbkVkQGWmGgTU8mE4M6/vEiapxXXqbg3rl27hCmKcABHcAIunEENrqEODSCQwBO8wKuVWs/Wm/U+bS1Ys5l9+APr8wfd55R9</latexit><latexit sha1_base64="2YL3AnBpcbgW4ul+OAj+9kStkEk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0n0oMeiF48V7Ae0sWy2k3bpZhN2N0IJ+RtePCji1T/jzX/jts1BWx8MPN6bYWZekAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkduZ3nlBpHssHM03Qj+hI8pAzaqzU7zxmmo/yQUYv80G15tbdOcgq8QpSgwLNQfWrP4xZGqE0TFCte56bGD+jynAmMK/0U40JZRM6wp6lkkao/Wx+c07OrDIkYaxsSUPm6u+JjEZaT6PAdkbUjPWyNxP/83qpCa/9jMskNSjZYlGYCmJiMguADLlCZsTUEsoUt7cSNqaKMmNjqtgQvOWXV0n7ou65de/eqzVuijjKcAKncA4eXEED7qAJLWCQwDO8wpuTOi/Ou/OxaC05xcwx/IHz+QM9BpHK</latexit>

W sig
a1

<latexit sha1_base64="GQs8v6bStJjzrNibyTwYSiw8q5o=">AAAB83icbVDLSsNAFL2pr1pfVZduBoPgqmTcKLgJunFZwT6gjXUynbRDJ5MwMxFKyDe4c+NCEbf+jDv/xuljoa0HLhzOuZd77wlTwbXxvG+ntLK6tr5R3qxsbe/s7lX3D5o6yRRlDZqIRLVDopngkjUMN4K1U8VIHArWCkfXE7/1yJTmibwz45QFMRlIHnFKjJW6rftc80HRywkuelXXq3lToGWC58T13afLBwCo96pf3X5Cs5hJQwXRuoO91AQ5UYZTwYpKN9MsJXREBqxjqSQx00E+vblAJ1bpoyhRtqRBU/X3RE5ircdxaDtjYoZ60ZuI/3mdzEQXQc5lmhkm6WxRlAlkEjQJAPW5YtSIsSWEKm5vRXRIFKHGxlSxIeDFl5dJ86yGvRq+xa5/BTOU4QiO4RQwnIMPN1CHBlBI4Rle4c3JnBfn3fmYtZac+cwh/IHz+QNSVJNV</latexit><latexit sha1_base64="ZdL7GyIrwNhOnlB6SO1Rp3Yy1Uw=">AAAB83icbVC7SgNBFL0bXzG+opZaDC6CVdixUbAJ2lhGMA9M1jA7O0mGzM4uM7NCWPYb7GwsFLHUn7Hzb5w8Ck08cOFwzr3ce0+QCK6N5307haXlldW14nppY3Nre6e8u9fQcaooq9NYxKoVEM0El6xuuBGslShGokCwZjC8GvvNB6Y0j+WtGSXMj0hf8h6nxFip07zPNO/n3YzgvFt2vYo3AVokeEbcqvt4Ed4dftS65a9OGNM0YtJQQbRuYy8xfkaU4VSwvNRJNUsIHZI+a1sqScS0n01uztGxVULUi5UtadBE/T2RkUjrURTYzoiYgZ73xuJ/Xjs1vXM/4zJJDZN0uqiXCmRiNA4AhVwxasTIEkIVt7ciOiCKUGNjKtkQ8PzLi6RxWsFeBd9gt3oJUxThAI7gBDCcQRWuoQZ1oJDAE7zAq5M6z86b8z5tLTizmX34A+fzB9rdlHs=</latexit><latexit sha1_base64="ZdL7GyIrwNhOnlB6SO1Rp3Yy1Uw=">AAAB83icbVC7SgNBFL0bXzG+opZaDC6CVdixUbAJ2lhGMA9M1jA7O0mGzM4uM7NCWPYb7GwsFLHUn7Hzb5w8Ck08cOFwzr3ce0+QCK6N5307haXlldW14nppY3Nre6e8u9fQcaooq9NYxKoVEM0El6xuuBGslShGokCwZjC8GvvNB6Y0j+WtGSXMj0hf8h6nxFip07zPNO/n3YzgvFt2vYo3AVokeEbcqvt4Ed4dftS65a9OGNM0YtJQQbRuYy8xfkaU4VSwvNRJNUsIHZI+a1sqScS0n01uztGxVULUi5UtadBE/T2RkUjrURTYzoiYgZ73xuJ/Xjs1vXM/4zJJDZN0uqiXCmRiNA4AhVwxasTIEkIVt7ciOiCKUGNjKtkQ8PzLi6RxWsFeBd9gt3oJUxThAI7gBDCcQRWuoQZ1oJDAE7zAq5M6z86b8z5tLTizmX34A+fzB9rdlHs=</latexit><latexit sha1_base64="jPx7sSkJt86iXQtPTRVqaEFcUcc=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIrc2WhJtLDERMIGT7C17sGFv77I7Z0Iu/A0bC42x9c/Y+W9c4AoFXzLJy3szmZkXpkpa9P1vr7S2vrG5Vd6u7Ozu7R9UD4/aNskMFy2eqMQ8hMwKJbVooUQlHlIjWBwq0QnHNzO/8ySMlYm+x0kqgpgNtYwkZ+ikXucxt3I47eeMTvvVml/35yCrhBakBgWa/epXb5DwLBYauWLWdqmfYpAzg5IrMa30MitSxsdsKLqOahYLG+Tzm6fkzCkDEiXGlUYyV39P5Cy2dhKHrjNmOLLL3kz8z+tmGF0FudRphkLzxaIoUwQTMguADKQRHNXEEcaNdLcSPmKGcXQxVVwIdPnlVdK+qFO/Tu9orXFdxFGGEziFc6BwCQ24hSa0gEMKz/AKb17mvXjv3seiteQVM8fwB97nDzn8kcg=</latexit>

W sig
a2

<latexit sha1_base64="n159iRMED3UYcuIpkbF3w5r+BWc=">AAAB83icbVA9SwNBEJ3zM8avqKXN4iFYhbs0CjZBG8sI5gOSM85t9pIle3vH7p4QjvwGOxsLRWz9M3b+GzcfhSY+GHi8N8PMvDAVXBvP+3ZWVtfWNzYLW8Xtnd29/dLBYUMnmaKsThORqFaImgkuWd1wI1grVQzjULBmOLye+M1HpjRP5J0ZpSyIsS95xCkaK3Wa97nm/XE3x8q4W3K9sjcFWSb+nLhV9+nyAQBq3dJXp5fQLGbSUIFat30vNUGOynAq2LjYyTRLkQ6xz9qWSoyZDvLpzWNyapUeiRJlSxoyVX9P5BhrPYpD2xmjGehFbyL+57UzE10EOZdpZpiks0VRJohJyCQA0uOKUSNGliBV3N5K6AAVUmNjKtoQ/MWXl0mjUva9sn/ru9UrmKEAx3ACZ+DDOVThBmpQBwopPMMrvDmZ8+K8Ox+z1hVnPnMEf+B8/gBT2ZNW</latexit><latexit sha1_base64="bmC1grDVCSy/w+kF1jJ62FhEXyE=">AAAB83icbVDLSsNAFL2pr1pfVZe6GAyCq5J0U8FN0Y3LCvaBbSyTyaQdOpmEmYlQQr7BnRsXirjUn3Hn3zh9LLT1wIXDOfdy7z1+wpnSjvNtFVZW19Y3ipulre2d3b3y/kFLxakktEliHsuOjxXlTNCmZprTTiIpjnxO2/7oauK3H6hULBa3epxQL8IDwUJGsDZSr32fKTbI+xmu5v2y7VScKdAycefErtuPF8Hd8UejX/7qBTFJIyo04Viprusk2suw1Ixwmpd6qaIJJiM8oF1DBY6o8rLpzTk6NUqAwliaEhpN1d8TGY6UGke+6YywHqpFbyL+53VTHZ57GRNJqqkgs0VhypGO0SQAFDBJieZjQzCRzNyKyBBLTLSJqWRCcBdfXiatasV1Ku6Na9cvYYYiHMEJnIELNajDNTSgCQQSeIIXeLVS69l6s95nrQVrPnMIf2B9/gDcYpR8</latexit><latexit sha1_base64="bmC1grDVCSy/w+kF1jJ62FhEXyE=">AAAB83icbVDLSsNAFL2pr1pfVZe6GAyCq5J0U8FN0Y3LCvaBbSyTyaQdOpmEmYlQQr7BnRsXirjUn3Hn3zh9LLT1wIXDOfdy7z1+wpnSjvNtFVZW19Y3ipulre2d3b3y/kFLxakktEliHsuOjxXlTNCmZprTTiIpjnxO2/7oauK3H6hULBa3epxQL8IDwUJGsDZSr32fKTbI+xmu5v2y7VScKdAycefErtuPF8Hd8UejX/7qBTFJIyo04Viprusk2suw1Ixwmpd6qaIJJiM8oF1DBY6o8rLpzTk6NUqAwliaEhpN1d8TGY6UGke+6YywHqpFbyL+53VTHZ57GRNJqqkgs0VhypGO0SQAFDBJieZjQzCRzNyKyBBLTLSJqWRCcBdfXiatasV1Ku6Na9cvYYYiHMEJnIELNajDNTSgCQQSeIIXeLVS69l6s95nrQVrPnMIf2B9/gDcYpR8</latexit><latexit sha1_base64="ZLC+RzWOelYtMGiM6icTF/KIEko=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaWCbbTbt0swm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6DhVlLVpLGLVC1AzwSVrG24E6yWKYRQI1g2mt3O/+8SU5rF8MLOE+RGOJQ85RWOlQfcx03ycDzNs5MNqza27C5B14hWkBgVaw+rXYBTTNGLSUIFa9z03MX6GynAqWF4ZpJolSKc4Zn1LJUZM+9ni5pxcWGVEwljZkoYs1N8TGUZaz6LAdkZoJnrVm4v/ef3UhNd+xmWSGibpclGYCmJiMg+AjLhi1IiZJUgVt7cSOkGF1NiYKjYEb/XlddJp1D237t17teZNEUcZzuAcLsGDK2jCHbSgDRQSeIZXeHNS58V5dz6WrSWnmDmFP3A+fwA7gZHJ</latexit>M
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x̂2
<latexit sha1_base64="3EFUQoXmUl1ji4vmdbsLGjDQhBM=">AAAB8HicbZC7SgNBFIbPeo3xFhVsbAaDYBV202gZtLFMwFwkWeLsZDYZMju7zJwVw5KnsLFQxNbHsbPxWZxcCk38YeDj/89hzjlBIoVB1/1yVlbX1jc2c1v57Z3dvf3CwWHDxKlmvM5iGetWQA2XQvE6CpS8lWhOo0DyZjC8nuTNB66NiNUtjhLuR7SvRCgYRWvddQYUs8dxt9wtFN2SOxVZBm8Oxcpx7fseAKrdwmenF7M04gqZpMa0PTdBP6MaBZN8nO+khieUDWmfty0qGnHjZ9OBx+TMOj0Sxto+hWTq/u7IaGTMKApsZURxYBaziflf1k4xvPQzoZIUuWKzj8JUEozJZHvSE5ozlCMLlGlhZyVsQDVlaG+Ut0fwFldehka55Lklr+YVK1cwUw5O4BTOwYMLqMANVKEODCJ4ghd4dbTz7Lw577PSFWfecwR/5Hz8AGoZklA=</latexit><latexit sha1_base64="r0eLtwMREmZsOQ3FtT02K966RbU=">AAAB8HicbZC7SgNBFIbPeo3xFhVsbBaDYBV202gZYmOZgLlIEsLsZDYZMjO7zJwVw5KnsLFQxFbwLXwCOxufxcml0MQfBj7+/xzmnBPEghv0vC9nZXVtfWMzs5Xd3tnd288dHNZNlGjKajQSkW4GxDDBFashR8GasWZEBoI1guHVJG/cMW14pG5wFLOOJH3FQ04JWuu2PSCY3o+7xW4u7xW8qdxl8OeQLx1Xv/l7+aPSzX22exFNJFNIBTGm5XsxdlKikVPBxtl2YlhM6JD0WcuiIpKZTjodeOyeWafnhpG2T6E7dX93pEQaM5KBrZQEB2Yxm5j/Za0Ew8tOylWcIFN09lGYCBcjd7K92+OaURQjC4Rqbmd16YBoQtHeKGuP4C+uvAz1YsH3Cn7Vz5fKMFMGTuAUzsGHCyjBNVSgBhQkPMATPDvaeXRenNdZ6Yoz7zmCP3LefgC7WpQM</latexit><latexit sha1_base64="r0eLtwMREmZsOQ3FtT02K966RbU=">AAAB8HicbZC7SgNBFIbPeo3xFhVsbBaDYBV202gZYmOZgLlIEsLsZDYZMjO7zJwVw5KnsLFQxFbwLXwCOxufxcml0MQfBj7+/xzmnBPEghv0vC9nZXVtfWMzs5Xd3tnd288dHNZNlGjKajQSkW4GxDDBFashR8GasWZEBoI1guHVJG/cMW14pG5wFLOOJH3FQ04JWuu2PSCY3o+7xW4u7xW8qdxl8OeQLx1Xv/l7+aPSzX22exFNJFNIBTGm5XsxdlKikVPBxtl2YlhM6JD0WcuiIpKZTjodeOyeWafnhpG2T6E7dX93pEQaM5KBrZQEB2Yxm5j/Za0Ew8tOylWcIFN09lGYCBcjd7K92+OaURQjC4Rqbmd16YBoQtHeKGuP4C+uvAz1YsH3Cn7Vz5fKMFMGTuAUzsGHCyjBNVSgBhQkPMATPDvaeXRenNdZ6Yoz7zmCP3LefgC7WpQM</latexit><latexit sha1_base64="DgCm0EZpfEEj4rCCVmCTEpNvyHo=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHMhyRH2NtskiW7e8funBiO/AobC0Vs/Tl2/hs3yRWa+GDg8d4MM/OiRAqLvv/tra1vbG5tF3aKu3v7B4elo+OmjVPDeIPFMjbtiFouheYNFCh5OzGcqkjyVjS+mfmtR26siPU9ThIeKjrUYiAYRSc9dEcUs6dpr9orlf2KPwdZJUFOypCj3it9dfsxSxXXyCS1thP4CYYZNSiY5NNiN7U8oWxMh7zjqKaK2zCbHzwl507pk0FsXGkkc/X3REaVtRMVuU5FcWSXvZn4n9dJcXAVZkInKXLNFosGqSQYk9n3pC8MZygnjlBmhLuVsBE1lKHLqOhCCJZfXiXNaiXwK8FdUK5d53EU4BTO4AICuIQa3EIdGsBAwTO8wptnvBfv3ftYtK55+cwJ/IH3+QPbcpBr</latexit>

t̂c2
<latexit sha1_base64="si1xkPySmEQK9vW3z8zkBPgm/m4=">AAAB8XicbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLoI1lAuaCyRJnJ7PJkNnZZeasEJa8hY2FIra+jZ2Nz+LkUmjiDwMf/38Oc84JEikMuu6Xk1tb39jcym8Xdnb39g+Kh0dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZpq3Hrk2IlZ3OE64H9GBEqFgFK113x1SzJBNepVeseSW3ZnIKngLKFVP6t8PAFDrFT+7/ZilEVfIJDWm47kJ+hnVKJjkk0I3NTyhbEQHvGNR0YgbP5tNPCHn1umTMNb2KSQz93dHRiNjxlFgKyOKQ7OcTc3/sk6K4ZWfCZWkyBWbfxSmkmBMpuuTvtCcoRxboEwLOythQ6opQ3ukgj2Ct7zyKjQrZc8te3WvVL2GufJwCmdwAR5cQhVuoQYNYKDgCV7g1THOs/PmvM9Lc86i5xj+yPn4ASK9krk=</latexit><latexit sha1_base64="ZWdWcgaWk4sgkX+Vvpcsnx+NLJ0=">AAAB8XicbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLEBvLBMwFkyXMTibJkNnZZeasEJa8hY2FIrbiW/gEdjY+i5NLoYk/DHz8/znMOSeIpTDoul9OZm19Y3Mru53b2d3bP8gfHjVMlGjG6yySkW4F1HApFK+jQMlbseY0DCRvBqPrad6859qISN3iOOZ+SAdK9AWjaK27zpBiimzSLXXzBbfozkRWwVtAoXxS+xbvlY9qN//Z6UUsCblCJqkxbc+N0U+pRsEkn+Q6ieExZSM64G2Liobc+Ols4gk5t06P9CNtn0Iyc393pDQ0ZhwGtjKkODTL2dT8L2sn2L/yU6HiBLli84/6iSQYken6pCc0ZyjHFijTws5K2JBqytAeKWeP4C2vvAqNUtFzi17NK5QrMFcWTuEMLsCDSyjDDVShDgwUPMATPDvGeXRenNd5acZZ9BzDHzlvP3P+lHU=</latexit><latexit sha1_base64="ZWdWcgaWk4sgkX+Vvpcsnx+NLJ0=">AAAB8XicbZC7SgNBFIbPxluMt6hgYzMYBKuwm0bLEBvLBMwFkyXMTibJkNnZZeasEJa8hY2FIrbiW/gEdjY+i5NLoYk/DHz8/znMOSeIpTDoul9OZm19Y3Mru53b2d3bP8gfHjVMlGjG6yySkW4F1HApFK+jQMlbseY0DCRvBqPrad6859qISN3iOOZ+SAdK9AWjaK27zpBiimzSLXXzBbfozkRWwVtAoXxS+xbvlY9qN//Z6UUsCblCJqkxbc+N0U+pRsEkn+Q6ieExZSM64G2Liobc+Ols4gk5t06P9CNtn0Iyc393pDQ0ZhwGtjKkODTL2dT8L2sn2L/yU6HiBLli84/6iSQYken6pCc0ZyjHFijTws5K2JBqytAeKWeP4C2vvAqNUtFzi17NK5QrMFcWTuEMLsCDSyjDDVShDgwUPMATPDvGeXRenNd5acZZ9BzDHzlvP3P+lHU=</latexit><latexit sha1_base64="CO4sj5PCUZSanNPkM2Rf4X4l/+w=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmljc2t7p7xb2ds/ODxyj0/aJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LJ7dzvPHFtRKIecJryIKYjJSLBKFrpsT+mmCObDeoDt+rVvAXIOvELUoUCzYH71R8mLIu5QiapMT3fSzHIqUbBJJ9V+pnhKWUTOuI9SxWNuQnyxcUzcmGVIYkSbUshWai/J3IaGzONQ9sZUxybVW8u/uf1Moyug1yoNEOu2HJRlEmCCZm/T4ZCc4ZyagllWthbCRtTTRnakCo2BH/15XXSrtd8r+bf+9XGTRFHGc7gHC7BhytowB00oQUMFDzDK7w5xnlx3p2PZWvJKWZO4Q+czx+UFpDU</latexit>

x(2), x(4) or stop
<latexit sha1_base64="FI8bcTg1SxJdj/T1bYVws392dYI=">AAACCnicbZC7SgNBFIbPejfeopZajAYhAQm7QdAyaGOZgEmEJIbZyawOzu4sM2fFsGxt46vYWHjB1iews/NRnCQW3v7q4//P4Vz8WAqDrvvuTExOTc/Mzs3nFhaXllfyq2tNoxLNeIMpqfSpTw2XIuINFCj5aaw5DX3JW/7l0TBvXXFthIpOcBDzbkjPIxEIRtFavfzW9VlarJSyXTKEvVJGOsivMSVKk4wYVHEvX3DL7kjkL3hfUKhuPtU/AKDWy791+oolIY+QSWpM23Nj7KZUo2CSZ7lOYnhM2SU9522LEQ256aajUzKyY50+Cez0QEVIRu73jpSGxgxC31aGFC/M72xo/pe1EwwOuqmI4gR5xMaDgkQSVGT4F9IXmjOUAwuUaWF3JeyCasrQfi9nn+D9PvkvNCtlzy17da9QPYSx5mADtqEIHuxDFY6hBg1gcAN38ACPzq1z7zw7L+PSCeerZx1+yHn9BPpJm2c=</latexit><latexit sha1_base64="VK4ykUVlB3M1jQIX1thxw5UTvuk=">AAACCnicbZDLSsNAFIYnXmu9RV0qMloEBSlJEXRZdOOyBdsKbS2T6USHTjJh5kRaQpbixldx40Irbn0Cdz6DL+GkdeHtX338/zmcixcJrsFx3q2JyanpmdncXH5+YXFp2V5ZrWsZK8pqVAqpzj2imeAhqwEHwc4jxUjgCdbweidZ3rhmSnMZnsEgYu2AXIbc55SAsTr2Vv8i2S3tpfs4g4O9FLeA9SHBUuEUa5BRxy44RWck/BfcLyiUN4bVj5vNYaVjv7W6ksYBC4EKonXTdSJoJ0QBp4Kl+VasWURoj1yypsGQBEy3k9EpKd4xThf7ZrovQ8Aj93tHQgKtB4FnKgMCV/p3lpn/Zc0Y/KN2wsMoBhbS8SA/Fhgkzv6Cu1wxCmJggFDFza6YXhFFKJjv5c0T3N8n/4V6qeg6RbfqFsrHaKwcWkfbaBe56BCV0SmqoBqi6Bbdo0f0ZN1ZD9az9TIunbC+etbQD1mvn9iOnM0=</latexit><latexit sha1_base64="VK4ykUVlB3M1jQIX1thxw5UTvuk=">AAACCnicbZDLSsNAFIYnXmu9RV0qMloEBSlJEXRZdOOyBdsKbS2T6USHTjJh5kRaQpbixldx40Irbn0Cdz6DL+GkdeHtX338/zmcixcJrsFx3q2JyanpmdncXH5+YXFp2V5ZrWsZK8pqVAqpzj2imeAhqwEHwc4jxUjgCdbweidZ3rhmSnMZnsEgYu2AXIbc55SAsTr2Vv8i2S3tpfs4g4O9FLeA9SHBUuEUa5BRxy44RWck/BfcLyiUN4bVj5vNYaVjv7W6ksYBC4EKonXTdSJoJ0QBp4Kl+VasWURoj1yypsGQBEy3k9EpKd4xThf7ZrovQ8Aj93tHQgKtB4FnKgMCV/p3lpn/Zc0Y/KN2wsMoBhbS8SA/Fhgkzv6Cu1wxCmJggFDFza6YXhFFKJjv5c0T3N8n/4V6qeg6RbfqFsrHaKwcWkfbaBe56BCV0SmqoBqi6Bbdo0f0ZN1ZD9az9TIunbC+etbQD1mvn9iOnM0=</latexit><latexit sha1_base64="TSyaBkO/SeC1xjfVBCINMmAyNWc=">AAACCnicbZC7SgNBFIZn4y3G26qlzWgQEpCwGwQtgzaWEcwFkhhmJ7PJkNmdZeasJCxb2/gqNhaK2PoEdr6Nk0uhiaf6+P9zOOf8XiS4Bsf5tjIrq2vrG9nN3Nb2zu6evX9Q1zJWlNWoFFI1PaKZ4CGrAQfBmpFiJPAEa3jD64nfeGBKcxnewThinYD0Q+5zSsBIXft4dJ8UysX0DE/gvJjiNrARJFgqnGINMuraeafkTAsvgzuHPJpXtWt/tXuSxgELgQqidct1IugkRAGngqW5dqxZROiQ9FnLYEgCpjvJ9JUUnxqlh32z3Zch4Kn6eyIhgdbjwDOdAYGBXvQm4n9eKwb/spPwMIqBhXS2yI8FBoknueAeV4yCGBsgVHFzK6YDoggFk17OhOAuvrwM9XLJdUrurZuvXM3jyKIjdIIKyEUXqIJuUBXVEEWP6Bm9ojfryXqx3q2PWWvGms8coj9lff4A6k+ZIg==</latexit>x̂2

<latexit sha1_base64="3EFUQoXmUl1ji4vmdbsLGjDQhBM=">AAAB8HicbZC7SgNBFIbPeo3xFhVsbAaDYBV202gZtLFMwFwkWeLsZDYZMju7zJwVw5KnsLFQxNbHsbPxWZxcCk38YeDj/89hzjlBIoVB1/1yVlbX1jc2c1v57Z3dvf3CwWHDxKlmvM5iGetWQA2XQvE6CpS8lWhOo0DyZjC8nuTNB66NiNUtjhLuR7SvRCgYRWvddQYUs8dxt9wtFN2SOxVZBm8Oxcpx7fseAKrdwmenF7M04gqZpMa0PTdBP6MaBZN8nO+khieUDWmfty0qGnHjZ9OBx+TMOj0Sxto+hWTq/u7IaGTMKApsZURxYBaziflf1k4xvPQzoZIUuWKzj8JUEozJZHvSE5ozlCMLlGlhZyVsQDVlaG+Ut0fwFldehka55Lklr+YVK1cwUw5O4BTOwYMLqMANVKEODCJ4ghd4dbTz7Lw577PSFWfecwR/5Hz8AGoZklA=</latexit><latexit sha1_base64="r0eLtwMREmZsOQ3FtT02K966RbU=">AAAB8HicbZC7SgNBFIbPeo3xFhVsbBaDYBV202gZYmOZgLlIEsLsZDYZMjO7zJwVw5KnsLFQxFbwLXwCOxufxcml0MQfBj7+/xzmnBPEghv0vC9nZXVtfWMzs5Xd3tnd288dHNZNlGjKajQSkW4GxDDBFashR8GasWZEBoI1guHVJG/cMW14pG5wFLOOJH3FQ04JWuu2PSCY3o+7xW4u7xW8qdxl8OeQLx1Xv/l7+aPSzX22exFNJFNIBTGm5XsxdlKikVPBxtl2YlhM6JD0WcuiIpKZTjodeOyeWafnhpG2T6E7dX93pEQaM5KBrZQEB2Yxm5j/Za0Ew8tOylWcIFN09lGYCBcjd7K92+OaURQjC4Rqbmd16YBoQtHeKGuP4C+uvAz1YsH3Cn7Vz5fKMFMGTuAUzsGHCyjBNVSgBhQkPMATPDvaeXRenNdZ6Yoz7zmCP3LefgC7WpQM</latexit><latexit sha1_base64="r0eLtwMREmZsOQ3FtT02K966RbU=">AAAB8HicbZC7SgNBFIbPeo3xFhVsbBaDYBV202gZYmOZgLlIEsLsZDYZMjO7zJwVw5KnsLFQxFbwLXwCOxufxcml0MQfBj7+/xzmnBPEghv0vC9nZXVtfWMzs5Xd3tnd288dHNZNlGjKajQSkW4GxDDBFashR8GasWZEBoI1guHVJG/cMW14pG5wFLOOJH3FQ04JWuu2PSCY3o+7xW4u7xW8qdxl8OeQLx1Xv/l7+aPSzX22exFNJFNIBTGm5XsxdlKikVPBxtl2YlhM6JD0WcuiIpKZTjodeOyeWafnhpG2T6E7dX93pEQaM5KBrZQEB2Yxm5j/Za0Ew8tOylWcIFN09lGYCBcjd7K92+OaURQjC4Rqbmd16YBoQtHeKGuP4C+uvAz1YsH3Cn7Vz5fKMFMGTuAUzsGHCyjBNVSgBhQkPMATPDvaeXRenNdZ6Yoz7zmCP3LefgC7WpQM</latexit><latexit sha1_base64="DgCm0EZpfEEj4rCCVmCTEpNvyHo=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHMhyRH2NtskiW7e8funBiO/AobC0Vs/Tl2/hs3yRWa+GDg8d4MM/OiRAqLvv/tra1vbG5tF3aKu3v7B4elo+OmjVPDeIPFMjbtiFouheYNFCh5OzGcqkjyVjS+mfmtR26siPU9ThIeKjrUYiAYRSc9dEcUs6dpr9orlf2KPwdZJUFOypCj3it9dfsxSxXXyCS1thP4CYYZNSiY5NNiN7U8oWxMh7zjqKaK2zCbHzwl507pk0FsXGkkc/X3REaVtRMVuU5FcWSXvZn4n9dJcXAVZkInKXLNFosGqSQYk9n3pC8MZygnjlBmhLuVsBE1lKHLqOhCCJZfXiXNaiXwK8FdUK5d53EU4BTO4AICuIQa3EIdGsBAwTO8wptnvBfv3ftYtK55+cwJ/IH3+QPbcpBr</latexit>

hx
2<latexit sha1_base64="hD4Fd7HKZ36vcyyhFbfa8Io3Pxw=">AAAB7HicbZC7SgNBFIbPeo3xFrW0GRIEG8NuGgWboI1lBHOBZI2zk7PJkNnZZWZWDEuewcZCEVsfyM63cXIpNPGHgY//P4c55wSJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGF5P8uYjKs1jeWdGCfoR7UseckaNteqDbuX+qVsouWV3KrIM3hxK1eLl2QMA1LqFr04vZmmE0jBBtW57bmL8jCrDmcBxvpNqTCgb0j62LUoaofaz6bBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmm5MeV8iMGFmgTHE7K2EDqigz9j55ewRvceVlaFTKnlv2br1S9QpmysExFOEUPDiHKtxADerAgMMzvMKbI50X5935mJWuOPOeI/gj5/MHFwSPog==</latexit><latexit sha1_base64="oxKo57FiCqgGsxY/X/rkHT+aNhY=">AAAB7HicbZC7SgNBFIbPeo3xFk1pMyQINoadNAo2QRvLCG4SSNYwO5lNhszOLjOzYljyDDYWitj6OBZ2Poi9k0uhiT8MfPz/Ocw5J0gE18Z1v5yV1bX1jc3cVn57Z3dvv3Bw2NBxqijzaCxi1QqIZoJL5hluBGslipEoEKwZDK8mefOeKc1jeWtGCfMj0pc85JQYa3mDbvXuoVsouxV3KrQMeA7lWuniVH4Uv+vdwmenF9M0YtJQQbRuYzcxfkaU4VSwcb6TapYQOiR91rYoScS0n02HHaNj6/RQGCv7pEFT93dHRiKtR1FgKyNiBnoxm5j/Ze3UhOd+xmWSGibp7KMwFcjEaLI56nHFqBEjC4QqbmdFdEAUocbeJ2+PgBdXXoZGtYLdCr7B5dolzJSDIyjBCWA4gxpcQx08oMDhEZ7hxZHOk/PqvM1KV5x5TxH+yHn/AZ2vkYY=</latexit><latexit sha1_base64="oxKo57FiCqgGsxY/X/rkHT+aNhY=">AAAB7HicbZC7SgNBFIbPeo3xFk1pMyQINoadNAo2QRvLCG4SSNYwO5lNhszOLjOzYljyDDYWitj6OBZ2Poi9k0uhiT8MfPz/Ocw5J0gE18Z1v5yV1bX1jc3cVn57Z3dvv3Bw2NBxqijzaCxi1QqIZoJL5hluBGslipEoEKwZDK8mefOeKc1jeWtGCfMj0pc85JQYa3mDbvXuoVsouxV3KrQMeA7lWuniVH4Uv+vdwmenF9M0YtJQQbRuYzcxfkaU4VSwcb6TapYQOiR91rYoScS0n02HHaNj6/RQGCv7pEFT93dHRiKtR1FgKyNiBnoxm5j/Ze3UhOd+xmWSGibp7KMwFcjEaLI56nHFqBEjC4QqbmdFdEAUocbeJ2+PgBdXXoZGtYLdCr7B5dolzJSDIyjBCWA4gxpcQx08oMDhEZ7hxZHOk/PqvM1KV5x5TxH+yHn/AZ2vkYY=</latexit><latexit sha1_base64="j00JnQ/wu34vx2tiw4CdzaUd0C4=">AAAB7HicbVBNT8JAEJ36ifiFevSykZh4Ii0XPRK9eMTEAglUsl22sGG7bXanRtLwG7x40Biv/iBv/hsX6EHBl0zy8t5MZuaFqRQGXffbWVvf2NzaLu2Ud/f2Dw4rR8ctk2SacZ8lMtGdkBouheI+CpS8k2pO41Dydji+mfntR66NSNQ9TlIexHSoRCQYRSv5o3794alfqbo1dw6ySryCVKFAs1/56g0SlsVcIZPUmK7nphjkVKNgkk/LvczwlLIxHfKupYrG3AT5/NgpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUZXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPmUbgrf88ipp1WueW/PuvGrjuoijBKdwBhfgwSU04Baa4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w+EbY54</latexit>

(c) Meta Learner  

(b) Recurrent Module  

(d) Output Neural Network  

State for (x(1), x(3)), t̂d1:2
<latexit sha1_base64="5ZAny2K6SLX81ptL6sergKCujWg=">AAACCnicbVC7SgNBFL3rM8ZX1NJmTBASlLCjhWIVtLGMYGIgiWF2MjGDsw9m7oph2drGj/AHbCwUsfUL7PwbJ4mFGg9c7uGce5m5x4uUNOi6n87U9Mzs3HxmIbu4tLyymltbr5sw1lzUeKhC3fCYEUoGooYSlWhEWjDfU+LCuz4Z+hc3QhsZBuc4iETbZ1eB7EnO0Eqd3Fbx9jIp0lK6O+z7pbS0S1p9hgl2005Cj/bSTq7glt0RyCSh36RQybd2HgCg2sl9tLohj30RIFfMmCZ1I2wnTKPkSqTZVmxExPg1uxJNSwPmC9NORqekZNsqXdILta0AyUj9uZEw35iB79lJn2Hf/PWG4n9eM8beYTuRQRSjCPj4oV6sCIZkmAvpSi04qoEljGtp/0p4n2nG0aaXtSHQvydPkvpembplekYLlWMYIwObkIciUDiACpxCFWrA4Q4e4RlenHvnyXl13sajU873zgb8gvP+BVnlmkM=</latexit><latexit sha1_base64="Q2iHKeeoYFo+J+nPgxhniwXVPUg=">AAACCnicbVC7TgJBFJ3FF+ILtbQZISYQCdnBQmNFtLHERB4JIJkdBpgw+8jMXSPZbG1j6W/YWGiMrV9gx984gIWCJ7m5J+fcm5l7nEAKDbY9thJLyyura8n11Mbm1vZOenevpv1QMV5lvvRVw6GaS+HxKgiQvBEoTl1H8rozvJz49TuutPC9GxgFvO3Svid6glEwUid9mLu/jXIkHxcm/SQf5wu4NaAQQTfuROS8FHfSWbtoT4EXCfkh2XKmdfw0Lo8qnfRXq+uz0OUeMEm1bhI7gHZEFQgmeZxqhZoHlA1pnzcN9ajLdTuanhLjI6N0cc9XpjzAU/X3RkRdrUeuYyZdCgM9703E/7xmCL2zdiS8IATusdlDvVBi8PEkF9wVijOQI0MoU8L8FbMBVZSBSS9lQiDzJy+SWqlI7CK5JtnyBZohiQ5QBuUQQaeojK5QBVURQw/oGb2iN+vRerHerY/ZaML62dlHf2B9fgNjT5vJ</latexit><latexit sha1_base64="Q2iHKeeoYFo+J+nPgxhniwXVPUg=">AAACCnicbVC7TgJBFJ3FF+ILtbQZISYQCdnBQmNFtLHERB4JIJkdBpgw+8jMXSPZbG1j6W/YWGiMrV9gx984gIWCJ7m5J+fcm5l7nEAKDbY9thJLyyura8n11Mbm1vZOenevpv1QMV5lvvRVw6GaS+HxKgiQvBEoTl1H8rozvJz49TuutPC9GxgFvO3Svid6glEwUid9mLu/jXIkHxcm/SQf5wu4NaAQQTfuROS8FHfSWbtoT4EXCfkh2XKmdfw0Lo8qnfRXq+uz0OUeMEm1bhI7gHZEFQgmeZxqhZoHlA1pnzcN9ajLdTuanhLjI6N0cc9XpjzAU/X3RkRdrUeuYyZdCgM9703E/7xmCL2zdiS8IATusdlDvVBi8PEkF9wVijOQI0MoU8L8FbMBVZSBSS9lQiDzJy+SWqlI7CK5JtnyBZohiQ5QBuUQQaeojK5QBVURQw/oGb2iN+vRerHerY/ZaML62dlHf2B9fgNjT5vJ</latexit><latexit sha1_base64="l5vaMEmyaRiFB5Jt0jb9CQYfhIU=">AAACCnicbVC7TgJBFJ31ifhCLW1GiQkkhOxgobEi2lhiIo8EVjI7DDBh9pGZu0ay2drGX7Gx0Bhbv8DOv3GALRQ8yc09OefezNzjhlJosO1va2l5ZXVtPbOR3dza3tnN7e03dBApxusskIFquVRzKXxeBwGSt0LFqedK3nRHVxO/ec+VFoF/C+OQOx4d+KIvGAUjdXNHhYe7uECKSWnST4tJsYQ7Qwox9JJuTC4qSTeXt8v2FHiRkJTkUYpaN/fV6QUs8rgPTFKt28QOwYmpAsEkT7KdSPOQshEd8LahPvW4duLpKQk+MUoP9wNlygc8VX9vxNTTeuy5ZtKjMNTz3kT8z2tH0D93YuGHEXCfzR7qRxJDgCe54J5QnIEcG0KZEuavmA2pogxMelkTApk/eZE0KmVil8kNyVcv0zgy6BAdowIi6AxV0TWqoTpi6BE9o1f0Zj1ZL9a79TEbXbLSnQP0B9bnD0dmmLo=</latexit>

Time step: t = 2
<latexit sha1_base64="4VSHHw5ZWghq1pAdlPjEIp2zYa0=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMJuGm2CQRvLCOYCyRJmJ7PJmNnZZeasEJaAj2BjoYitj2Jv59s4uRQa/WHg4//PYc45QSKFQdf9cnIrq2vrG/nNwtb2zu5ecf+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU3z1j3XRsTqFscJ9yM6UCIUjKK1mkiqpEJ6xZJbdmcif8FbQOnio1B9AIB6r/jZ7ccsjbhCJqkxHc9N0M+oRsEknxS6qeEJZSM64B2Likbc+Nls2gk5sU6fhLG2TyGZuT87MhoZM44CWxlRHJrlbGr+l3VSDM/9TKgkRa7Y/KMwlQRjMl2d9IXmDOXYAmVa2FkJG1JNGdoDFewRvOWV/0KzUvbcsnfjlWqXMFcejuAYTsGDM6jBNdShAQzu4BGe4cWJnSfn1Xmbl+acRc8h/JLz/g1Ez4/D</latexit><latexit sha1_base64="ggXd7ftKkce332S839zHmYqfric=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIXdNNoEgzaWEcwFkiXMTmaTMbMzy8ysEJa8g42FIjYWPoq9jfg2Ti6FJv4w8PH/5zDnnDDhTBvP+3ZyK6tr6xv5TXdre2d3r7B/0NAyVYTWieRStUKsKWeC1g0znLYSRXEcctoMh1eTvHlPlWZS3JpRQoMY9wWLGMHGWg2DKqiMuoWiV/KmQsvgz6F48eFWkrcvt9YtfHZ6kqQxFYZwrHXb9xITZFgZRjgdu51U0wSTIe7TtkWBY6qDbDrtGJ1Yp4ciqewTBk3d3x0ZjrUexaGtjLEZ6MVsYv6XtVMTnQcZE0lqqCCzj6KUIyPRZHXUY4oSw0cWMFHMzorIACtMjD2Qa4/gL668DI1yyfdK/o1frF7CTHk4gmM4BR/OoArXUIM6ELiDB3iCZ0c6j86L8zorzTnznkP4I+f9BzZekTc=</latexit><latexit sha1_base64="ggXd7ftKkce332S839zHmYqfric=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8EgWIXdNNoEgzaWEcwFkiXMTmaTMbMzy8ysEJa8g42FIjYWPoq9jfg2Ti6FJv4w8PH/5zDnnDDhTBvP+3ZyK6tr6xv5TXdre2d3r7B/0NAyVYTWieRStUKsKWeC1g0znLYSRXEcctoMh1eTvHlPlWZS3JpRQoMY9wWLGMHGWg2DKqiMuoWiV/KmQsvgz6F48eFWkrcvt9YtfHZ6kqQxFYZwrHXb9xITZFgZRjgdu51U0wSTIe7TtkWBY6qDbDrtGJ1Yp4ciqewTBk3d3x0ZjrUexaGtjLEZ6MVsYv6XtVMTnQcZE0lqqCCzj6KUIyPRZHXUY4oSw0cWMFHMzorIACtMjD2Qa4/gL668DI1yyfdK/o1frF7CTHk4gmM4BR/OoArXUIM6ELiDB3iCZ0c6j86L8zorzTnznkP4I+f9BzZekTc=</latexit><latexit sha1_base64="36z/bivMIcpUN2j8H3RbmIboCvs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswl0abYSgjWUE8wHJEfY2e8mavd1jd04IIf/BxkIRW/+Pnf/GTXKFJj4YeLw3w8y8KJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj25nfeuLGCq0ecJzyMKEDJWLBKDqpieSaVEmvVPYr/hxklQQ5KUOOeq/01e1rliVcIZPU2k7gpxhOqEHBJJ8Wu5nlKWUjOuAdRxVNuA0n82un5NwpfRJr40ohmau/JyY0sXacRK4zoTi0y95M/M/rZBhfhROh0gy5YotFcSYJajJ7nfSF4Qzl2BHKjHC3EjakhjJ0ARVdCMHyy6ukWa0EfiW4D8q1mzyOApzCGVxAAJdQgzuoQwMYPMIzvMKbp70X7937WLSuefnMCfyB9/kD1YiN9g==</latexit>

, encoded prefix: , generated sufix (hx(1), t̂d1i)
<latexit sha1_base64="qko3T6wuPcAvk+Vn/u4NqEln1+A=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFahBSmJCHosevFYwX5AU8tmu22XbjZhdyKWkD/gxb/ixYMiXr1789+4TXvQ1gcDj/dmmJnnR4JrcJxvK7e0vLK6ll8vbGxube/Yu3sNHcaKsjoNRahaPtFMcMnqwEGwVqQYCXzBmv7oauI375nSPJS3MI5YJyADyfucEjBS1z4qeYLIgWD44S4pueX0BHtDAgn00q7rqcwqd+2iU3Ey4EXizkgRzVDr2l9eL6RxwCRQQbRuu04EnYQo4FSwtODFmkWEjsiAtQ2VJGC6k2TfpPjYKD3cD5UpCThTf08kJNB6HPimMyAw1PPeRPzPa8fQv+gkXEYxMEmni/qxwBDiSTS4xxWjIMaGEKq4uRXTIVGEggmwYEJw519eJI3TiutU3JuzYvVyFkceHaBDVEIuOkdVdI1qqI4oekTP6BW9WU/Wi/VufUxbc9ZsZh/9gfX5A8ZJmr0=</latexit><latexit sha1_base64="vWTc2gLrevcCgNWMeheqWumiIyk=">AAACMnicjVDLSgMxFM3UV62vqks3wSq0IGVGBF0W3bhUsA/ojCWTpm1oJjMkd8Qy9Af8Ghdu/A13uhFx60eYTmehrQsPBA7nnMvNPX4kuAbbfrVyC4tLyyv51cLa+sbmVnF7p6HDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH15M/OYdU5qH8gZGEfMC0pe8xykBI3WKB2VXENkXDN/fJmWnMj7C7oBAAt1xx3FValU6xZJdtVPgeeJkpIQy/C/eKb643ZDGAZNABdG67dgReAlRwKlg44IbaxYROiR91jZUkoBpL0lPHuNDo3RxL1TmScCp+nMiIYHWo8A3yYDAQM96E/Evrx1D78xLuIxiYJJOF/VigSHEk/5wlytGQYwMIVRx81dMB0QRCqblgjndmT10njSOq45dda5PSrXzrLM82kP7qIwcdIpq6BJdoTqi6AE9omf0bj1Zb9aH9TmN5qxsZhf9gvX1DfnoojY=</latexit><latexit sha1_base64="vWTc2gLrevcCgNWMeheqWumiIyk=">AAACMnicjVDLSgMxFM3UV62vqks3wSq0IGVGBF0W3bhUsA/ojCWTpm1oJjMkd8Qy9Af8Ghdu/A13uhFx60eYTmehrQsPBA7nnMvNPX4kuAbbfrVyC4tLyyv51cLa+sbmVnF7p6HDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH15M/OYdU5qH8gZGEfMC0pe8xykBI3WKB2VXENkXDN/fJmWnMj7C7oBAAt1xx3FValU6xZJdtVPgeeJkpIQy/C/eKb643ZDGAZNABdG67dgReAlRwKlg44IbaxYROiR91jZUkoBpL0lPHuNDo3RxL1TmScCp+nMiIYHWo8A3yYDAQM96E/Evrx1D78xLuIxiYJJOF/VigSHEk/5wlytGQYwMIVRx81dMB0QRCqblgjndmT10njSOq45dda5PSrXzrLM82kP7qIwcdIpq6BJdoTqi6AE9omf0bj1Zb9aH9TmN5qxsZhf9gvX1DfnoojY=</latexit><latexit sha1_base64="vWTc2gLrevcCgNWMeheqWumiIyk=">AAACMnicjVDLSgMxFM3UV62vqks3wSq0IGVGBF0W3bhUsA/ojCWTpm1oJjMkd8Qy9Af8Ghdu/A13uhFx60eYTmehrQsPBA7nnMvNPX4kuAbbfrVyC4tLyyv51cLa+sbmVnF7p6HDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH15M/OYdU5qH8gZGEfMC0pe8xykBI3WKB2VXENkXDN/fJmWnMj7C7oBAAt1xx3FValU6xZJdtVPgeeJkpIQy/C/eKb643ZDGAZNABdG67dgReAlRwKlg44IbaxYROiR91jZUkoBpL0lPHuNDo3RxL1TmScCp+nMiIYHWo8A3yYDAQM96E/Evrx1D78xLuIxiYJJOF/VigSHEk/5wlytGQYwMIVRx81dMB0QRCqblgjndmT10njSOq45dda5PSrXzrLM82kP7qIwcdIpq6BJdoTqi6AE9omf0bj1Zb9aH9TmN5qxsZhf9gvX1DfnoojY=</latexit>

(hx(3), t̂d1, t̂c1i)
<latexit sha1_base64="lnhwOpNyl72RTVBNxTmPF57yRwY=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC1ISFXRZdOOygr1AE8NkOm2HTiZh5kQsoa/hxldx40IRl7rybZymFbT1h4GP/5zDmfMHseAabPvLWlhcWl5Zza3l1zc2t7YLO7sNHSWKsjqNRKRaAdFMcMnqwEGwVqwYCQPBmsHgclxv3jGleSRvYBgzLyQ9ybucEjCWX7BLriCyJxi+v01LJ+XREXb7BFLojHznh6lhV2VtZb9QtCt2JjwPzhSKaKqaX/hwOxFNQiaBCqJ127Fj8FKigFPBRnk30SwmdEB6rG1QkpBpL80uG+FD43RwN1LmScCZ+3siJaHWwzAwnSGBvp6tjc3/au0EuudeymWcAJN0sqibCAwRHseEO1wxCmJogFDFzV8x7RNFKJgw8yYEZ/bkeWgcVxy74lyfFqsX0zhyaB8doBJy0BmqoitUQ3VE0QN6Qi/o1Xq0nq03633SumBNZ/bQH1mf360En3s=</latexit><latexit sha1_base64="U4jh+eJqfw3GQ17xj2+rRHZjYfU=">AAACPnicjZDLSsNAFIYnXmu9VV26GSxCC1ISFXRZdONSwV6gqWEymbZDJ5MwcyKW0NfwaVy48QXc+QJuRNy6dNpG0NaFPwx8/Oc/nDnHjwXXYNsv1tz8wuLScm4lv7q2vrFZ2Nqu6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vD756N645YpzSN5DYOYtUPSlbzDKQFjeQW75Aoiu4Lhu5u0dFQeHmC3RyCFYOg530wNu2ocK3uFol2xx8Kz4GRQRJn+F/cKz24Q0SRkEqggWrccO4Z2ShRwKtgw7yaaxYT2SZe1DEoSMt1Ox+sP8b5xAtyJlHkS8Nj92ZGSUOtB6JtkSKCnp2sj869aK4HOaTvlMk6ASToZ1EkEhgiPbokDrhgFMTBAqOLmr5j2iCIUzMXzZnVnetFZqB9WHLviXB0Xq2fZzXJoF+2hEnLQCaqiC3SJaoiie/SAntCb9Wi9Wu/WxyQ6Z2U9O+iXrM8vgIym9A==</latexit><latexit sha1_base64="U4jh+eJqfw3GQ17xj2+rRHZjYfU=">AAACPnicjZDLSsNAFIYnXmu9VV26GSxCC1ISFXRZdONSwV6gqWEymbZDJ5MwcyKW0NfwaVy48QXc+QJuRNy6dNpG0NaFPwx8/Oc/nDnHjwXXYNsv1tz8wuLScm4lv7q2vrFZ2Nqu6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vD756N645YpzSN5DYOYtUPSlbzDKQFjeQW75Aoiu4Lhu5u0dFQeHmC3RyCFYOg530wNu2ocK3uFol2xx8Kz4GRQRJn+F/cKz24Q0SRkEqggWrccO4Z2ShRwKtgw7yaaxYT2SZe1DEoSMt1Ox+sP8b5xAtyJlHkS8Nj92ZGSUOtB6JtkSKCnp2sj869aK4HOaTvlMk6ASToZ1EkEhgiPbokDrhgFMTBAqOLmr5j2iCIUzMXzZnVnetFZqB9WHLviXB0Xq2fZzXJoF+2hEnLQCaqiC3SJaoiie/SAntCb9Wi9Wu/WxyQ6Z2U9O+iXrM8vgIym9A==</latexit><latexit sha1_base64="U4jh+eJqfw3GQ17xj2+rRHZjYfU=">AAACPnicjZDLSsNAFIYnXmu9VV26GSxCC1ISFXRZdONSwV6gqWEymbZDJ5MwcyKW0NfwaVy48QXc+QJuRNy6dNpG0NaFPwx8/Oc/nDnHjwXXYNsv1tz8wuLScm4lv7q2vrFZ2Nqu6yhRlNVoJCLV9IlmgktWAw6CNWPFSOgL1vD756N645YpzSN5DYOYtUPSlbzDKQFjeQW75Aoiu4Lhu5u0dFQeHmC3RyCFYOg530wNu2ocK3uFol2xx8Kz4GRQRJn+F/cKz24Q0SRkEqggWrccO4Z2ShRwKtgw7yaaxYT2SZe1DEoSMt1Ox+sP8b5xAtyJlHkS8Nj92ZGSUOtB6JtkSKCnp2sj869aK4HOaTvlMk6ASToZ1EkEhgiPbokDrhgFMTBAqOLmr5j2iCIUzMXzZnVnetFZqB9WHLviXB0Xq2fZzXJoF+2hEnLQCaqiC3SJaoiie/SAntCb9Wi9Wu/WxyQ6Z2U9O+iXrM8vgIym9A==</latexit>
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Figure 5:MTNet Trajectory Generation Dataflow Example

Algorithm 1: LearningMTNet Differential Privately
Input: Aligned trajectory routes: X = {𝑥0:𝐿 }
Departure time sequences TD = {𝑡𝑑1:𝐿 }
Rescaled trajectory travel time TC = {𝑡𝑐1:𝐿 }
Sample size 𝐵 and gradient norm bound𝐶

𝑋 ← ⟨{𝑥0:𝐿−1}, {𝑡𝑑1:𝐿 }⟩;1

𝑌 ← ⟨{𝑥1:𝐿 }, {𝑡𝑐1:𝐿 }⟩;2

Initialize trainable parameters 𝜃 of MTNet;3

while stop criteria is not met do4

Uniformly sample ⟨𝑋𝐵, 𝑌𝐵 ⟩ from ⟨𝑋,𝑌 ⟩;5

L = MTNet-Forward(𝑋𝐵, 𝑌𝐵);6

𝑔(𝑖)← ∇𝜃 L[𝑖], for 𝑖 ∈ [1, 𝐵]; // compute gradient7

𝑔(𝑖)← 𝑔(𝑖)/max (1,
| |𝑔(𝑖)| |2

𝐶
); // clip gradient8

𝑔(𝑖)← (

∑
𝑖 𝑔(𝑖) + N(0, 𝜎2𝐶2I))/𝐵; // add noise9

𝜃 = 𝜃 − 𝛼𝑔(𝑖); // 𝛼 is learning rate10

return MTNet;11

time are used privately to train and guide trajectory generation.

Algorithm 1 shows the pseudo code. The input includes processed

trajectory dataset, where each trajectory is aligned to length 𝐿,

departure time for each route edge from the start point, and nor-

malized travel time for each whole edge. Firstly, the input dataset

is divided into input set 𝑋 and output label set 𝑌 (lines 1-2). Then,

all trainable parameters, except𝑊𝑥 and𝑊𝜏 initialized with graph

embedding, are initialized with Xavier initialization [15] (line 3).

The next step is to learnMTNet privately with input set 𝑋 and out-

put label set 𝑌 until MTNet converges (lines 4-8). In each iteration,

we uniformly sample a mini-batch 𝐵 of trajectories and compute

the forward loss (line 5-6). The gradients with respect to MTNet
parameters are computed and clipped by 𝐿2 norm with threshold𝐶

(lines 7-8). Gaussian noise is added to clipped gradients to privatize

the access of trajectories, with privacy level parameter 𝜎 , before

MTNet is updated with gradient decent (line 9-10). We return the

learned privacy preserving MTNet (line 11). During the training

process, we employ the advanced RDP accounting technique [34]

for a tight estimation of privacy loss.

Algorithm 2 presents the explicitMTNet forward propagation

procedure. Trajectory route edge labels are transformed into embed-

ded representations (line 1). Departure time sequence is discretized

Algorithm 2:MTNet-Forward
Input: 𝑋𝐵 : ⟨{𝑥0:𝐿−1}, {𝑡𝑑1:𝐿 }⟩
𝑌𝐵 : ⟨{𝑥1:𝐿 }, {𝑡𝑐1:𝐿 }⟩
{𝑥𝑒1:𝐿 } = 𝑊𝑥 [{𝑥0:𝐿−1}]; // embed route edge1

{𝑡𝑒1:𝐿 } = 𝑊𝜏 [{𝜏 (𝑡𝑑1:𝐿)}]; // embed departure time slot2

{𝑚𝑘1:𝐿 } = MKEncoding({𝑥𝑒1:𝐿 }, {𝑡𝑒1:𝐿 });3

Initialize L𝑥 = 0, L𝑡 = 0;4

for 𝑡 ∈ [1, 𝐿] do5

{ℎ𝑥𝑡 } = Recurrent(Concat({⟨𝑥𝑒, 𝑡𝑒,𝑚𝑘 ⟩𝑡 }));6

{𝑥𝑒𝑎1:𝑎𝑘 } = 𝑊𝑥 [Adjacent({𝑥𝑡−1})]; // adjacent edges7

{ℎ𝑡𝑐
𝑎1:𝑎𝑘

} = {𝑊𝑡𝑐 [𝑥𝑎1:𝑎𝑘 ]};8

{𝑚𝑘𝑎1:𝑎𝑘 } = MKEncoding ({𝑥𝑒𝑎1:𝑎𝑘 }, 𝑡𝑒𝑡);9

{𝑊 𝑠𝑜𝑓 𝑡

𝑎1:𝑎𝑘
}, {𝑊 𝑠𝑖𝑔

𝑎1:𝑎𝑘
} = MetaLearner({𝑚𝑘𝑎1:𝑎𝑘 });10

{𝑥𝑡 } = MaskedSoftmax({𝑊 𝑠𝑜𝑓 𝑡

𝑎1:𝑎𝑘
}, {ℎ𝑥𝑡 });11

{ ˆ𝑡𝑐𝑡 } = MaskedSigmoid({𝑊 𝑠𝑖𝑔

𝑎1:𝑎𝑘
}, {ℎ𝑡𝑐

𝑎1:𝑎𝑘
}, {𝑥𝑡 });12

L𝑥 = L𝑥+ NLL({𝑥𝑡 }, {𝑥𝑡 });13

L𝑡 = L𝑡+ MAE({ ˆ𝑡𝑐𝑡 }, {𝑡𝑐𝑡 });14

return L𝑥 + 𝜆L𝑡 ;15

into slots with function 𝜏 and also transformed into embedded rep-

resentations (line 2). Spatio-temporal meta knowledge for input

road edges are encoded (line 3). Mini-batch training loss L𝑥 and

L𝑡 are initialized (line 4) for accumulation in each generation step

(lines 5-14). In each step 𝑡 ∈ [1, 𝐿], the above three input parts are

concatenated and passed through Recurrent module (line 6). The

adjacent edges of current edge 𝑥𝑡−1 are looked up and their travel

time hidden states and corresponding meta knowledge are com-

puted (lines 7-9). MetaLearner module produces corresponding

meta weights (line 10) for generating the next edge and its travel

time (lines 11-12), with the help of trajectory prefix feature vector

ℎ𝑥𝑡 , ℎ
𝑡𝑐
𝑡 from Recurrent module and meta knowledge of 𝑥𝑡−1’s ad-

jacent edges. L𝑥 and L𝑡 are accumulated based on NLL and MAE
loss respectively (lines 13-14). Finally, we get the mini-batch loss

L by summing these two losses with a balancing factor 𝜆 (line 15).

Theorem 4.1. Algorithm 1 guarantees differential privacy.
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Proof. For each training step (lines 4-10), the L2 gradient norm

of a trajectory is bounded by𝐶 (i.e., sensitivity) (line 8). Then, Gauss-
ian noise guarantees (𝜖, 𝛿)-DP with respect to the sampled mini-

batch, i.e., satisfies Equation 1, by setting 𝜎 =

√︁
2 ln(1.25/𝛿)/𝜖 [10].

Next, each sampling training step guarantees (𝑞𝜖, 𝑞𝛿)-DP with re-

spect to the whole data based on privacy amplification theorem [4],

where 𝑞 is the sampling ratio. Finally, the DP learning process of G
guarantees DP trajectory generation and analysis, according to the

post-processing property of DP [10]. Curious readers may refer to

RDP [34] for a tight privacy loss accounting for overall training. □

Discussion. Intuitively, we protect individual privacy by learn-

ing population-level trajectory distribution statistics as more as

possible and individual-level information as less as possible. By

perturbing gradients with individual-level Gaussian noise, we ran-

domize individual-level sensitive information without sacrificing

the population-level statistics. Note that MTNet achieves high util-

ity by applying DP over each whole trajectory sequence, while the

literature perturbs coarse-grained location trajectory prefix mod-

eled on geo-grids, which neglects road constraints and reduces data

utility, especially for long trajectory with more accumulative noise.

5 EXPERIMENTS
5.1 Setup
Datasets.We used two real trajectory datasets: Chengdu and Xian

2
,

and there were 18.2 million and 11.6 million trajectories used for

evaluation, respectively. Table 2 showed the details.

Validation Metrics.We used the aforementioned Jensen-Shannon

divergence (JSD) measurement to capture and measure the distance

between real test data and synthetic trajectory route distribution.

Besides, we evaluated travel time generation error with MAE. More-

over, we evaluated the effectiveness of directly supporting trajectory

applications with popularity ranking and suffix prediction tasks,

and we evaluated the effectiveness of synthetic data based on travel

time estimation task. Specifically, we formulated JSD measurement

into route edge usage JSD (route JSD in short, Equation 7) and

destination JSD (Equation 8).

• Route JSD. Origin conditioned route edge usage distribution

quantifies detailed trajectory route edge distribution statistics.

We formulated route usage distribution distance by comparing

the usage percentage of each edge in real and synthetic trajec-

tory data for each origin edge 𝑥0, as shown in Equation 7. Note

that the upper bound of route JSD was proportional to average

trajectory sequence length rather than equal to 1, as there was

more than one route edges in a trajectory. To evaluate route JSD,

we generated equal-sized synthetic trajectories for each origin

edge in test data, compared them with real ones based on JSD

distance and computed average distance over all origin edges.

• Destination JSD. Destination distribution for each origin edge

was also a crucial statistics for modeling trajectory distribution

(e.g., concerning traffic flow direction patterns), and synthetic

data should keep the same destination distribution patterns with

the input dataset. We used synthetic data from the above route

2
https://gaia.didichuxing.com

Table 2: Details of the Datasets

Road Network Chengdu Xi’an

Timespan 10/01 - 11/30, 2016 & 2018

# Edges 11, 606 13, 022

# Trajectories 18.2 Million 11.6 Million

Avg. Sequence Length 23 28

JSD evaluation to further evaluate destination JSD, where we

computed average destination JSD distance over all origin edges.

𝑅𝑜𝑢𝑡𝑒 𝐽 𝑆𝐷(𝑥0) =

1

2

[E𝑃𝑑 (𝑥 ∈𝑥
1:𝐿 |𝑥0)

log

𝑃𝑑 (𝑥 ∈ 𝑥1:𝐿 |𝑥0)

𝑀
+

EG(𝑥 ∈𝑥̂
1:𝐿 |𝑥0)

log

G(𝑥 ∈ 𝑥1:𝐿 |𝑥0)

𝑀
]

(7)

𝐷𝑒𝑠 𝐽 𝑆𝐷(𝑥0) =

1

2

[E𝑃𝑑 (𝑥𝐿 |𝑥0)
log

𝑃𝑑 (𝑥𝐿 |𝑥0)

𝑀
+EG(𝑥̂𝐿 |𝑥0)

log

G(𝑥𝐿 |𝑥0)

𝑀
] (8)

where 𝑃𝑑 is real trajectory distribution, 𝑃𝑑 (𝑥𝐿 |𝑥0) is origin condi-

tioned probability that 𝑥𝐿 is the destination, 𝑃𝑑 (𝑥 ∈ 𝑥1:𝐿−1 |𝑥0, 𝑥𝐿)

is OD conditioned probability that 𝑥 is used in trajectories, and

𝑀 =
1

2
(𝑃𝑑 +G). As JSD measures the distance between two distribu-

tions, the smaller the output value, the better the trajectory modeling
performance. Besides, 𝑥𝐿 (or 𝑥𝐿) above denoted the real destination

edge rather than padded stop flag used for alignment.

Baselines.We compared MTNet with the following baselines:

• Ngram [42]. Trajectory route generation could be modeled by

classic Markov chain [37]. We implemented a third-order Markov

chain, named Ngram model. Note that continuous travel time

information could not be supported by Ngram.

• AutoSTG [39]. AutoSTG was a spatio-temporal graph convolu-

tional framework for traffic prediction. We adapted it to support

trajectory generation with a 2-layer LSTMs, where the number

of steps for diffusion convolution was set to 2 [27].

• CSSRNN [50]. CSSRNN was designed for map-matched trajec-

tory modeling and generation task. It leveraged masked LSTMs

for trajectory route edge generation. We extended it to support

extra travel time generation.

Our Methods. We implemented two methods MTNet and TNet.
The former used road knowledge and meta learning components

and the latter did not use them.

• MTNet.MTNet was the full version of our proposed model with

all optimization techniques as discussed in Section 3.

• TNet. TNet was implemented from MTNet by removing road

knowledge andmeta learning. The reason of evaluating TNetwas
to validate the superiority of spatio-temporal modeling approach

with temporal graph and the effectiveness of our trajectory se-

quence representation learning over baselines.

Default Framework Settings. Trajectory sequence length was

set as 𝐿 = 20, according to the average trajectory length of the

datasets. The number of training epochs was set to 30, with early-

stop rule based on trajectory route JSD and patience of 5 epochs. In

addition, we applied DP of fixed privacy budget (𝜖 = 1, 𝛿 = 10
−5

) to

MTNet. Hyper-parameter 𝜆 was set to 0.1. The number of layers for

LSTMs and feedforward network was set to 2 and 1, respectively.

The dimension of parameters were set as follows: 𝑑𝑧 = 16, 𝑁𝜏 = 48,

𝑑𝑡𝑒 = 32, 𝑑𝑥𝑒 = 128, 𝑑ℎ = 128 and 𝑑𝑜 = 32.
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Figure 6: Varying Number of Layers (Chengdu)

Figure 7: Varying Dimension of Parameters (Chengdu)

Figure 8: Varying Hyper-parameter 𝜆 (Chengdu)

Road Network Extraction and Processing. Road networks were
obtained from OpenStreetMap. Firstly, nodes, edges and their prop-

erties such as geographical geometry and road level were parsed

and modeled into a directed graph, where unreachable edges from

the main connected component were removed. Road length and ge-

ographical direction were computed based on its GPS coordinates.

Trajectory Data Pre-Processing. Geo-coordinates and times-

tamps of raw trajectories were map matched to road network, based

on the FMM algorithm [32, 51]. There are two issues for map match-

ing. First, as trajectories may not start and end at edge joints (e.g.,

𝑥1 and 𝑥𝐿 may not be at edge joints), we compute the corresponding

travel time based on the offset ratio and omit offset details for ease

of presentation. Second, timestamps of the raw trajectory may not

be aligned with the road segments, and thus we cannot directly

calculate departure time 𝑡𝑑𝑖 and travel time 𝑡𝑐𝑖 . To handle this, we

adopt linear interpolation based on road length to calculate the

departure time and travel time for each route edge. Trajectories

with lengths no larger than 𝐿 were collected to compose the input

dataset, where trajectories with sequence length smaller than 𝐿

were padded with a stop flag. Continuous travel time values are are

normalized into Z-score format for numerical stability, which can

be scaled back to seconds. Trajectories were shuffled and split into

training data (80%) and test data (20%).

Environment Settings. Experiments were conducted on a Cen-

tOS 7.7 server with Cuda 10.0 and a Tesla V100 GPU with 32GBs

memory. Road network extraction and data pre-processing were

implemented in C++11 with Clang compiler. All trajectory methods

were implemented in Python 3.7 with PyPorch 1.2.

5.2 Evaluation on Different Settings
Evaluation on Number of Layers. We evaluated the impact of

the number of layers forMTNet, i.e., number of LSTMs and number

of feedforward layers after LSTMs. We varied #LSTMs in {1, 2, 3},
and number of feedforward layers in {0, 1, 2}. Figure 6 showed

the results. We observed that 2 layers of LSTMs were enough for

Table 3: Model Sizes Comparison

Dataset Chengdu / Xi’an

Metric Ngram AutoSTG CSSRNN TNet MTNet
#Params (M) -/- 1.6/1.8 1.6/1.8 1.8/2.0 1.6/1.8

Space (MBs) 5.8/4.0 400+ 7.2/7.8 8.2/7.9 7.3/7.9

trajectory sequence encoding. And one single layer of feedforward

network achieved the best performance.

Evaluation on Dimension of Parameters. We evaluated the im-

pact of parameter dimensions onmodeling trajectory data. Based on

the default settings, we varied optional Gaussian noise input with

dimension 𝑑𝑧 to simulate random deviations and to ease overfitting,

departure time slot and travel time hidden state embedding dimen-

sion 𝑑𝑡𝑒 , route edge embedding dimension 𝑑𝑥𝑒 , encoded trajectory

prefix hidden state dimension 𝑑ℎ and output neural weight dimen-

sion 𝑑𝑜 of Recurrent in {16, 32, 64, 128, 256}. We also evaluated

number of departure time slots 𝑁𝜏 ∈ {12, 24, 48, 96, 192}. Figure 7
showed the results (x-axis ticks were omitted for number of de-

parture time slots). In summary, we set each parameter dimension:

𝑑𝑧 = 16, 𝑁𝜏 = 48, 𝑑𝑡𝑒 = 32, 𝑑𝑥𝑒 = 128, 𝑑ℎ = 128 and 𝑑𝑜 = 32.

Evaluation on Balancing Route and Travel Time Error. We

evaluated the impact of hyper-parameter 𝜆 which balanced the loss

between trajectory route and travel time during training, as shown

in Equation 6. 𝜆 was varied in {10
−4, 10

−3, 10
−2, 10

−1, 10
0, 10

1}.
Figure 8 showed the results. We observed that 𝜆 = 10

−1
was a

good balance choice. Intuitively, larger 𝜆 leads to lower travel time

MAE, but as the travel time was much simpler than trajectory route

distribution modeling, 𝜆 = 10
−1

made a considerable choice.

5.3 Performance Comparison with Baselines
To measure the effectiveness of modeling real trajectory data and

generating synthetic data with close-to-real-data statistics, we used

the origin edge and departure time conditions from the real data and

conducted trajectory generation evaluations. We compared MTNet
and TNet with baselines and evaluated the generation performance

on trajectory route and destination JSD (the smaller, the better), and
the corresponding travel time MAE. Table 3 showed the model sizes

(or # parameters) used during the following evaluations, where

all methods kept approximately equal sizes for fair comparisons.

Note that AutoSTG with graph convolution needed to input and

maintain graph adjacency information, thus it used larger space.

Performance Comparison. Based on the default settings, we

evaluated performance and compared with baselines by varying

sampled training data size in 25%, 50%, 75%, 100%. Figure 9 showed

the results, whereNgram did not support travel time generation and

hence did not show up in the corresponding sub-figure (also applied

to following evaluations). We made the following observations.

(1)MTNet significantly outperformed other models on trajectory

route and destination modeling. This was because MTNet effec-
tively represented, encoded and modeled trajectory data with road

knowledge based meta learning. Besides, TNet improved on tra-

jectory route and destination distribution modeling compared to

baselines, because trajectory route distributions were time depen-

dent and thus introducing spatio-temporal representation of trajec-

tory improved trajectory modeling ability compared to pure spatial

modeling formulation in baselines.

(2) MTNet and TNet outperformed baselines on travel time MAE.
This was because edge travel time was not constant but dependent

on departure time, and hence spatio-temporal representation based

and departure time conditioned modeling approaches of MTNet
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(a) Chengdu (b) Xi’an
Figure 9: Performance Comparison: Varying Training Data Usage Percentage from 25% to 100%

Table 4: Trajectory Scalability for Varying Length 𝐿

Dataset Chengdu/Xi’an

Metric 𝐿 20 40 60 80

Avg.

Route

JSD

Ngram 3.12/3.00 7.37/7.07 9.26/10.1 9.64/11.5

AutoSTG 14.7/14.3 28.4/26.7 38.3/40.1 46.5/48.1

CSSRNN 0.71/0.51 2.10/1.85 2.74/2.90 2.90/3.32

TNet 0.68/0.46 2.05/1.79 2.70/2.83 2.88/3.26

MTNet 0.64/0.42 2.02/1.71 2.60/2.67 2.82/3.18

Avg.

Des.

JSD

Ngram 0.81/0.76 0.89/0.85 0.90/0.88 0.90/0.89

AutoSTG 1.00/0.99 1.00/1.00 1.00/1.00 1.00/1.00

CSSRNN 0.27/0.24 0.44/0.46 0.45/0.53 0.45/0.54

TNet 0.24/0.21 0.40/0.43 0.42/0.49 0.43/0.51

MTNet 0.22/0.20 0.39/0.41 0.42/0.48 0.43/0.50

Travel

Time

MAE(s)

AutoSTG 20.5/25.6 19.4/20.0 19.4/18.8 19.2/18.6

CSSRNN 21.2/29.7 20.7/21.1 20.1/19.2 19.6/18.8

TNet 18.8/21.5 17.1/21.7 16.8/20.7 16.7/20.5
MTNet 18.3/18.7 17.1/17.2 16.8/16.6 16.8/16.4

and TNet improved the quality. Besides, MTNet further reduced
travel time MAE compared to TNet, especially when the training

data volume was small, which showed that road knowledge was

helpful on modeling travel time. This was because road properties

such as length and capacity were effective to travel time modeling.

(3) All methods performed better with more training data but MT-
Net was much less data hungry and had better scalability on train-

ing data volume compared to other methods, i.e., suffered less per-

formance loss when reducing training data. It was because models

learned more sufficiently and improved generalization ability with

more training data, andMTNetwith meta learning had highly adap-

tive modeling ability which learned inherent trajectory generation

patterns that migrated among route edges. Hence, MTNet eased
the data-hungry issue, i.e., using less training samples and less

computing resource while getting more stable performance.

(4) The performance difference across different methods was smaller

on Xi’an dataset. This was because Xi’an dataset had simpler road

network topology and less trajectory data, and thus it was easier

to model compared to Chengdu dataset.

(5) Ngram and AutoSTG performed bad on modeling trajectory

route and destination distribution. For Ngram with Markov prop-

erty, the generation process depended on a few preceding edges,

which was hard to support trajectory modeling with long-term cor-

relations (or dependencies) among route edges. Although AutoSTG
was proved effective on modeling time varying graph attributes

owned by all nodes or edges, it failed on modeling map-matched

trajectories because trajectories had highly skewed distribution,

where graph convolutional models were hard to converge.

Trajectory Length Scalability Comparison.We varied trajec-

tory length threshold 𝐿 in {20, 40, 60, 80}, and evaluated modeling

scalability on 𝐿 for all methods and compared their modeling ability.

Table 4 showed the results. We made the following observations.

Figure 10: Training Efficiency Comparison (Chengdu)

(1) MTNet outperformed other methods for all 𝐿 settings on tra-

jectory route and destination modeling and scaled well on varying

trajectory length. This was because spatio-temporal trajectory rep-

resentation, road knowledge and the meta learning module were

based on single route edge rather than the whole trajectory se-

quence with had varying lengths.

(2)MTNet and TNet outperformed baselines on travel time MAE. This
was because travel time was mainly influenced by hidden factors of

each edge and departure time information which was captured by

effective spatio-temporal trajectory representation strategies that

both used in MTNet and TNet.
(3) Trajectory route and destination JSD increased along with in-

creasing 𝐿. This was because trajectory distribution space grew

exponentially with respect to trajectory sequence length, i.e., there
were more potential roads and destinations involved.

(4) Average travel time MAE decreased along with increasing 𝐿. This

was because longer trajectory sequences tended to have more short

road segments with small travel time, which reduced the average

error of single road segment.

Training Efficiency Comparison. We visualized the average

route JSD, destination JSD, and travel time MAE during training

based on the more challenging Chengdu dataset (Xi’an dataset

with similar tendency was omitted). Figure 10 showed the results,

where AutoSTG that failed on modeling trajectory route and desti-

nation with highly skewed distribution was omitted. We made the

following observations.

(1) MTNet learned much faster than other methods. The conver-

gence rate of MTNet on route JSD, destination JSD, and correspond-

ing travel time were all fastest. This was because road network

knowledge based meta learning of MTNet was quite efficient, i.e., it
was able to extract effective routing and distribution patterns from

well represented and encoded trajectory data.

(2) Evaluation loss of TNet also decreased faster than baselines

on all three metrics. It verified that spatio-temporal trajectory rep-

resentation with temporal graph to capture temporal periodicity

information was more effective to model real-world trajectory data

with time varying patterns.

Utility Loss EvaluationwithDifferential Privacy.We evaluated

the utility loss brought by achieving DP with fixed privacy budget

(𝜖 = 1, 𝛿 = 10
−5

). Table 5 showed the results. We observed that

the utility loss brought by DP was negligible. This was because

map-matching reduced privacy sensitivity of trajectories, i.e., we
had abundant map-matched trajectories with high redundancy
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Table 5: Utility Loss of MTNet with (𝜖 = 1, 𝛿 = 10
−5

)-DP

Dataset Chengdu / Xi’an

Metric Avg. Route JSD Avg. Des. JSD Travel Time MAE (s)

MTNet-DP 0.64/0.42 0.22/0.20 18.3/18.7

Without-DP 0.63/0.42 0.22/0.20 18.5/18.9

(a) Whole Day–Real (b) 12-15pm–Real (c) 21-24pm–Real

(d) Whole Day–Fake (e) 12-15pm–Fake (f) 21-24pm–Fake

Figure 11: Origin-fixed Trajectory Distribution (Chengdu)
for training and hence the statistical distribution could be fully

captured with DP guarantee. Besides, Gaussian mechanism eased

the overfitting of road travel time modeling.

Note that the above performance gain of MTNet based on JSD

statistics may not look very high compared to the following case

studies. This was because the marginal distribution (i.e., on destina-

tion and route edge) naturally weakens the distribution differences

as the distribution space is much smaller, while the real performance

differences between methods were larger as errors were amplified

(or accumulated) on prefix-dependent trajectory sequences.

5.4 Application Cases Study
Trajectory Generation in Different Granularities. We ran-

domly chose an origin edge from Chengdu dataset and generated

the same number of trajectories, whose departure time was consis-

tent with real ones. We visualized trajectories during the whole day,

12− 15𝑝𝑚 and 21− 24𝑝𝑚 departure time slots for both the real data

and synthetic samples generated by MTNet. Figure 11 showed the

results, where edge usage density was described by edge color and

line width, i.e., from low density with light white and thin width

towards higher density with deeper red and bolder width. We made

the following observations.

(1) Synthetic trajectories byMTNet resembled the distribution of

real ones, i.e., real trajectories in the upper side had indistinguish-

able route density as synthetic ones in the lower side. Note that

a few occasionally generated tail edges were brought by learned

road turning patterns, which could be removed as their rank (i.e.,
density) were orders of magnitude lower than normal ones.

(2) Trajectories had different spatio-temporal distributions for dif-

ferent departure time slots, which were accurately captured by

MTNet. In particular, real trajectory distribution was different be-

tween 12 − 15𝑝𝑚 and 21 − 24𝑝𝑚, and synthetic trajectories by

MTNet effectively captured the time varying distribution changes.

For example, the street towards residential neighborhoods in the

lower-left corner, was bold (i.e., busy) at night hours 21− 24𝑝𝑚, but

thin during daily time 12 − 15𝑝𝑚.

Table 6: Popularity Ranking Accuracy (%)

Ngram AutoSTG CSSRNN TNet MTNet
Chengdu 79.0 73.1 82.9 84.1 87.3
Xi’an 83.7 76.8 86.5 87.6 90.1

Table 7: Popularity Ranking Cases (Chengdu)

Real Route Usage (%)/Popularity Rank

Route A B C D

9 am 54/0.12 22/0.09 18/0.04 6/0.01

22 pm 81/0.29 14/0.07 0/0 5/0.03

Trajectory Popularity Ranking.We randomly chose 1, 000 OD

pairs and sampled 10 departure time slots for each OD pair from the

test data. We randomly sampled two different trajectory routes for

each fixed time slot and OD pair, with their occurrence frequency

collected as popularity ground truth. We evaluated popularity rank-

ing consistency with these 10, 000 trajectory pairs and compared

the average accuracy with baselines (trajectory popularity rank-

ing was described in Section 3.4). Table 6 showed the results. We

observed that MTNet achieved 4% higher ranking accuracy than

baselines. This was because popularity ranking was affected by

trajectory route distribution, andMTNet outperformed baselines

on modeling route distribution of the original data (see Figure 9).

To reveal more details on time-dependent popularity ranking,

we randomly chose an OD edge pair from Chengdu dataset and ana-

lyzed its viable routes. We estimated expected popularities based on

learnedMTNet, and showed the real route usage and corresponding
rank values in Table 7. We observed that for time slots 9𝑝𝑚 and

22𝑝𝑚, the rank order was𝐴→ 𝐵 → 𝐶 → 𝐷 and𝐴→ 𝐵 → 𝐷 → 𝐶

respectively, consistent with the original route usage. And the rank

value difference ratio between routes was related to the route usage

ratio in real dataset. It was worth noting that if the route was not

used in the original dataset,MTNet outputted a very small value

closed to zero, e.g., route 𝐶 at 22𝑝𝑚. Besides, it showed the time-

varying of route popularity captured by MTNet. For morning peak

9𝑎𝑚, several routes for the same OD pair shared the traffic flow,

which was reflected by close rank values of𝐴, 𝐵 and𝐶 . However, for

late-night 22𝑝𝑚, trafficmostly passed through the primary roadway

𝐴, with a rank value 0.29 that was much larger than other routes.

Trajectory Suffix Prediction.We randomly sampled 10, 000 tra-

jectory prefixes of length 5, and for each trajectory prefix with

a fixed departure time slot, we collected the most promising suf-

fix with the largest occurrence frequency from the test data. We

evaluated the suffix prediction performance (as described in Sec-

tion 3.4) and compared it with baselines, where beam search[12]

was used to maintain promising edge candidates set during the

generation process. Table 8 showed the results. We observed that

MTNet achieved the best prediction accuracy on both datasets (5%

higher than baselines), which was consistent with the route and

destination JSD evaluation results.

In particular, we focused on routes C and D from Table 7 that

both based on route prefix labeled as ⟨3020, 3021, · · · 3088⟩. For both
departure time in 9𝑎𝑚 and 22𝑝𝑚, we computed the expected suffix

with themaximumprobability based onMTNet, i.e., ⟨4722, 4711, 6314,

−⟩ (i.e., suffix of C) and ⟨2980, 6314,−⟩ (i.e., suffix of D), where −
was the stop flag. We observed that based on the long-term spatio-

temporal encoding ability of MTNet, the predicted suffix was also

time dependent and consistent with the rank values in Table 7.

Trajectory Travel Time Estimation. We evaluated synthetic tra-

jectory data effectiveness on a popular trajectory application named
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Table 8: Suffix Prediction Accuracy (%)

Ngram AutoSTG CSSRNN TNet MTNet
Chengdu 35.7 56.3 61.6 62.8 66.5
Xi’an 25.7 60.1 65.3 66.6 70.3

Table 9: Travel Time Estimation Error (MAE)

AutoSTG CSSRNN TNet MTNet Real Data

Chengdu 137s 157s 22.0s 13.3s 10.9s (27%)

Xi’an 144s 159s 55.1s 14.1s 11.2s (22%)

travel time estimation, which could also be directly supported with

MTNet as described in Section 3.4. It input a trajectory route and

estimated the travel time of each route edge. We split the real trajec-

tory datasets into training part (80%) and test part (20%). We built a

two-layer LSTM model for the travel time estimation task, where

edge embedding and hidden state dimension were set to 128. We

trained models on the task for 10 epochs: one with real training

data and others with equal-sized synthetic data generated based on

learned AutoSTG, CSSRNN, TNet and MTNet and respectively. We

evaluated these learned models on the test data. Table 9 showed

the results. We made the following observations.

(1) On synthetic data,MTNet outperformed baselines and achieved

close-to-real data performance (with only 2 – 3 seconds difference).

It showed thatMTNet was more robust to model and recover tra-

jectory (or its travel time) data than baselines becauseMTNetmade

full use of spatio-temporal road network knowledge based on deep

meta learning, which led to outstanding generalization ability.

(2) AutoSTG and CSSRNN performed 3 – 10x worse compared

to MTNet and TNet. It showed that spatio-temporal trajectory

representation and modeling approach was much more effective

for modeling continuous yet noisy time dependent travel time data.

6 RELATEDWORK
6.1 Trajectory Modeling and Generation
Markov Models. Intuitively, sequential trajectories can be mod-

eled and generated with Markov models, which includes Markov

chains [43], hidden Markov models [3], and Markov decision pro-

cess [58]. Although these methods are able to model short term

transition probabilities which capture local sub-trajectories, they

are limited for generating complicated length varying trajecto-

ries [44], because short-term memory is not sufficient for modeling

complex trajectories with long-term dependencies.

Spatio-tmporal Graph Convolutional Networks. Graph convo-

lutional network (GCN) is effective to model local correlations of

graph node or edge features[24]. As road networks can be seen as

graph with time varying features, spatio-tmporal graph convolu-

tional networks (STGCN)[55] and graph attention techniques[59]

has became prevalent on modeling and predicting time varying

characteristics such as road traffic. In particular, AutoSTG[39] is

shown promising on prediction tasks of time varying attributes for

graph node or edge. However, skewed map-matched trajectories

are high dimensional with respect to graph edges. It is hard for

AutoSTG to model skewed trajectories like common edge attributes.

Recurrent Neural Networks (RNNs). RNN is effective in se-

quence generation problems [16], especially in NLP [13]. For ex-

ample, Long-Short Term Memory [20] can maintain long-term

dependency, which is useful for long trajectory sequence modeling.

Consequently, it is adopted to model and generate trajectory in

CSSRNN [50]. Nevertheless, CSSRNN neglects the essential tem-

poral information to model time-varying distribution statistics and

can only generate spatial trajectory road sequences. Furthermore,

it overlooks the important underlying road knowledge (e.g., road
capacity and direction) which contains useful routing patterns to

model high-dimensional trajectory data with skewed distribution.

Generative Adversarial Nets (GANs). GANs are popularly ap-

plied to spatio-temporal data [14], including trajectory genera-

tion [38], prediction [25], spatio-temporal events [23], time series

imputation[33], etc. [29] proposed to use GAN-based techniques to

generate location trajectories which preserve the summary proper-

ties of real trajectory data for analysis applications. However, as

real map-matched trajectories are road network constrained, this

approach is not applicable to generate map-matched trajectories.

Traffic Simulators. Extensive simulators on simulating traffic [2,

6, 9, 11, 22, 26, 31, 35, 56] are designed to simulate traffic with

user-defined properties, which are used for benchmarking and

analyzing traffic strategies and behaviors of moving objects with

given conditions [36]. Different from traffic simulators, we model

an existing trajectory dataset with close-to-real-data statistics, and

further generate trajectories for or directly supporting downstream

trajectory applications.

6.2 Meta Learning in Spatio-temporal Data
Meta learning is applied to spatio-temporal data recently [21, 46].

For example, ST-MetaNet [40, 41] predicts urban traffic with a

meta learning based sequence-to-sequence architecture, using meta

graph attention networks and meta RNNs. [54] studied the meta-

learning paradigm for spatio-temporal data from multiple cities

and utilized the long-period data for multiple city transfer learning

tasks on traffic and water quality prediction. However, the regular

mechanism of meta learning is splitting dataset into few-shot train-

ing and testing sub-datasets for meta and regular learning tasks

respectively. For trajectory generation, high dimensional trajectory

data is unique when compared to each other, i.e., no explicit tra-

jectory level patterns that can be directly transferred for classic

meta learning. Thus we borrow the learning to learn idea of meta

learning (i.e., generalization), and leverage the underlying spatio-

temporal road properties as meta knowledge to ideally support

trajectory distribution patterns adaptation among route edges.

7 CONCLUSION
We proposed a deep meta learning based generative model, named

MTNet, to support trajectory generation and analysis simultane-

ously with privacy guarantee. Extensive experiments showed that

MTNet modeled real trajectory data with high utility, preserving

original statistics and supporting real-world applications while

keeping privacy. Future research directions include (1) transferring

learned trajectory generation patterns to new road networks and

(2) improving the adaptability of MTNet for new data.
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