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[user]
196514
196514
196514
196514
196514
196514
196514
196514

[check-in time]

2010-07-24T13:
2010-07-24T13:
2010-07-24T13:
2010-07-24T13:
2010-07-24T13:
2010-07-24T13:
2010-07-24T13:
2010-07-24T13:

45:
44:
44:
44:
44:
44:
43:
41:

06Z
582
4627
382
2627
082
18z
10z

[latitude]

53)-
93
93 -
93)-
53
93
53
93

3648119
360511233
3653895945
3663709833
3674087524
3675663377
3679640626
364905

[longitude]
-2.2723465833
-2.276369017
-2.2754087046
-2.2700764333
-2.2783813477
-2.278631763
-2.2792943689
-2.270824

[location id]
145064
1275991
376497

98503
1043431
881734
207763
1042822
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P&

HRBER Pl SRR

Foursquare-NYC
Foursquare-TKY

Foursquare-JKT

1,077
2,290
9,193

3,908
7,057
13,105

82,091
389,063
536,792
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116.556666,40.111666;2019-09-160 06:00:00
116.437703,40.082116;2019-09-10 06:00:00
116.419486,40.040305;2019-09-160 07:00:00
116.411711,40.007311;2019-09-10 07:00:00
116.402831,39.989631;2019-09-160 08:00:00

116.465351,39.976291;2019-09-160 08:00:00
116.482222,39.970001;2019-09-160 09:00:00
116.452281,40.011861;2019-09-160 09:00:00
116.410261,40.023241;2019-09-160 10:00:00
116.406383,40.061983;2019-09-160 10:00:00
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Mobile-PEK
Mobile-SHE

12,691 7,279 1,383,422
10,564 7,201 607,581
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$ m 'signal_id -day_num 'vehicle_id 'trip_id -time_stamp latitude 1 longitude speed
‘ 1 1 190.511826148 10 2400 0 42.2782011111 -83.7484502778 33.7599983215
- %’& 2 2 190.511826148 10 2400 100 42.2782011111 -83.7484502778 33.7599983215
}_l_ TE 3 3 190.511826148 10 2400 1000 42.2782011111 -83.7484502778 31.5599994659
QE < a 4 190.511826148 10 2400 1100 42.2782011111 -83.7484502778 31.5599994659
1;$ 5 5 190.511826148 10 2400 1700 42.2782011111 -83.7484502778 31.5599994659
1§!J 6 6 190.511826148 10 2400 2100 42.2782011111 -83.7484502778 29.4099998474
E{ﬁgé}‘ﬁ 7 7 190.511826148 10 2400 2200  42.2782011111 -83.7484502778 29.4099998474
8 8 190.511826148 10 2400 2500 42.2784791667 -83.7483075 29.4099998474

2
To Trilater: a!o GPS

: e PBBE HBEEE HNEAE

In Addition to

W 298,995 3,791 7,025,468

Wi 376,407 3,558 10,198,837

K/RE 614,830 3,704 12,692,468

BI/RE 55,120 2,225 1,482,751

Satellites is the
Basis of the System
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Query (TrajID:8379) Top-1 by START Top-2 by START Top-3 by START
|____—.1_| [} e
Query (TrajID:1871) Top-1 by START Top-2 by START Top-3 by START

BRI

PECNt s MID —s S T_| —S gl Traj
\ PR RO i

e Observed s Ground-truth

a Ll
(b) Few-shot task

LN S
(a) Momentary observation task

O

0:00:00

IR E

<> Points only in the dense trajectory 7
0 Points from the sparse trajectory 7’

0: 00 30 C
0: 01 00
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Input layer Hidden layer Output layer
Xj 6\\ //’6 Yi
X; [O O| Y2
X o : O|Y;

Wy Wi ={w ,j}
xV O / \ O yV
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All NLP tasks [END] are

generation

tasks

ﬁP Mask LM Mask LM \
& *

-
a 0, O @ O & )
\(J[]()(J[]()]

All [START] NLP tasks are

generation  tasks

ETBERIFENIBENESIER

#e  NBER HRNE TREE

Masked Sentence A Masked Sentence B

a*
Unlabeled Sentence A and B Pair

Start/End Span\

BERT
el [ElE=lE]. (&

Question Paragraph
*
Question Answer Pair

Pre-training

Fine-Tuning

BETEHIBERNESIER

(1) Contrastive pre-training

BT FSIRY

(2) Create dataset classifier from label text

1B S -

T
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BAES Self-supervised Learning of Spatial-temporal Trajectory Data
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E ?ﬁ‘ﬁ r The proposed method can incorporate temporal information ---
% ol The proposed method can fuse temporal information - --
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Huaiyu Wan, Yan Lin, et al. Pre-training time-aware location embeddings from spatial-temporal trajectories. /EEE Transactions on
Knowledge and Data Engineering (TKDE), 2021, 34 (11), 5510-5523.
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macro- macro-

e ‘ BT Acc@1 (%) Acc@5(%) Acc@10 (%) Acc@20 (%) Fl (%) Acc@1 (%) F1. (%)
Skip-gram | 18.465+0.19 33.453+0.47 44.220+0.52 58.798+0.82 1.626+0.15 | 6.266+0.72 1.811+0.22
CBOW 18.414+0.36 33.5424+0.57 43.8114+0.33 57.583+0.64 1.651+0.18 | 6.532+0.89 1.694+0.27
Foursquare-NYC | POI2Vec | 19.587+0.34 36.019+0.46 47.187+0.66 61.679+0.64 1.954+0.26 | 7.015+£0.92 1.749+0.24
Geo-Teaser | 21.723+0.81 39.290+0.62 49.457+0.93 62.852+0.79 2.606+0.38 | 7.399+0.33 1.918+0.33
TALE 222324043 41.176+1.11 51.005+0.75 64.194+0.55 2.664+0.35 | 7.709+0.62 2.228+0.39

AR ’ GRU DeepMove
o Skip-gram | 17.783+0.55 39.542+0.65 53.864+0.45 68.288+0.60 4.196+0.42 | 13.031£0.56 2.607+0.24
avs macro- macro-
— — Acc@1 (%) Acc@5 (%) Acc@10 (%) Acc@20 (%) Acc@1 (%) Acc@5 (%) Acc@10 (%) Acc@20 (%) CBOW | 17.057+0.38 39.324+0.55 53.43240.96 67.601+0.95 3.855+0.52 | 12.535+0.57 3.59540.17
$mse | AT F1 (%) F1 (%) Foursquare-TKY | POI2Vec | 18.944+0.56 40.667+0.89 54.171+0.70 68.670+£0.51 4.58440.61 | 13.414+0.65 3.556+0.41

Geo-Teaser | 19.283+0.36 41.053+0.43 55.043+0.84 69.795+0.89 4.547+0.35 | 14.164+0.17 3.086+0.19
TALE 20.516£0.52 42.408+0.85 55.645+1.02 70.534+0.66 4.793+0.66 | 15.49240.66 4.090-+0.31

Skip-gram | 5.466+0.23 11.870+0.33 14.986+0.34 18.878+0.37 1.254+0.12 | 6.170+£0.21 13.351+0.52 16.555+0.58 20.310+0.56 1.354+0.16
CBOW 5.2484+0.22 10.849+0.22 13.5224+0.16 16.367+£0.30 1.203+0.09 | 6.191+0.10 13.2824+0.47 16.304+0.49 19.814+£0.40 1.556+0.11

Skip-gram | 5.91440.39 19.210+0.29 30.485+0.53 45.345+0.94 1.106+0.07 | 2.7244+0.15 0.955+0.14

Foursquare-NYC | POI2Vec | 5.935+0.19 12.529+0.35 15.910+0.30 19.961+0.31 1.471+0.10 | 6.357+0.28 13.786+0.25 17.239+0.22 21.237+0.31 1.515+0.12 CBOW | 57794028 192334050 31.25140.59 46.578-:0.56 125140.12 | 27724010 1.04240.17
Geo-Teaser | 6.209+0.32  13.677+0.43 17.602+0.37 21.9964+0.39 1.533+0.11 | 7.007+0.28 15.4724+0.41 19.458+0.17 23.7414+0.56 1.717+0.08 Foursquare-JKT | POI2Vec | 6.62040.41 20.282+0.66 32.125+0.60 47.222+0.48 1.456+0.43 | 2.943+0.26 1.1234+0.13

TALE 6.918+0.39 14.874+0.44 18.911+0.34 23.018+0.31 1.685+0.20 | 7.410+0.40 16.455+0.41 20.447+0.29 24.711+0.19 1.867+0.10 Geo-Teaser | 6.725+0.32  21.30240.76 33.216+0.84 48.595+0.84 1.666+0.23 | 29764026 1.009+0.21

TALE | 7.044:+0.37 21.576+0.23 33.766:£0.65 48.52240.27 1.578+0.39 | 3.256+0.32 1.198+0.21

Skip-gram | 10.7054+0.17 25.417+0.27 32.986+0.30 40.9444+0.34 1.650+0.08 | 13.1734+0.14 28.965+0.23 36.651+0.28 44.5294+0.32 2.269+0.07
CBOW 10.373+0.10  23.899+0.21 30.690+0.24 37.899+0.23 1.72040.09 | 12.8234+0.18 27.391+£0.42 34.340+0.43 41.5284+0.39 2.350+0.15 1 7&1{&,& tbi,
Foursquare-TKY | POI2Vec | 11.425+0.13 26.7854+0.22 34.570+0.26 42.854+0.26 2.0231+0.04 | 14.306+0.11 30.5324+0.21 38.5334+0.17 46.665+0.15 2.95840.01 7: X
Geo-Teaser | 12.024+0.18 28.696+0.38 37.1764+0.40 45.851+0.45 2.413+0.10 | 14.669+0.15 32.2314+0.28 41.989+0.44 50.540+0.60 3.150+0.10

TALE 12.637+0.16 29.753+0.39 38.476+0.40 47.239+0.37 2.848+0.10 | 15.443+0.18 33.453+0.27 40.7204+0.42 49.077+£0.47 3.622+0.07

Skip-gram | 5.524+0.17 14.100+0.17 19.853+£0.20 26.840+0.14 0.776+0.07 | 5.713+£0.15 14.423+0.23 20.498+0.26 27.654+0.15 0.835+0.13 —
CBOW 5.290+0.07 13.773+0.25 19.367+0.31 26.055+£0.35 0.898+0.09 | 5.736+0.16 14.309+0.22 19.965+0.27 26.815+£0.29 1.025+0.15 %7% MAE RMSE
Foursquare-JKT | POI2Vec | 5.876+0.17 15.356+0.24 21.650+£0.27 29.392+0.19 0.846+0.09 | 6.229+0.11  15.904+0.07 22.350+0.32 30.029+0.43 1.076+0.16 ﬂuﬁ}\ﬁ%
Geo-Teaser | 6.376+0.13  16.740+0.30 23.808+0.50 32.1484+0.37 1.0254+0.12 | 6.533+0.11 17.2254+0.40 24.248+0.31 32.300+0.30 1.444+0.07
TALE 6.2784+0.20 17.901+0.28 25.424+0.44 34.132+0.38 1.37410.09 | 7.056+0.13 18.640+0.17 25.997+0.09 34.711+0.31 1.469+0.07

Skip-gram | 2.835+0.01 4.258+0.03

Skip-gram | 7.994+0.09 22.574:+0.14 31.23240.18 40.819+0.20 3.453+0.10 | 8.650+0.10 23.564+0.09 31.703+0.17 40.486+0.22 3.996+0.07 CBOW 2.771£0.01  4.143+0.02
CBOW | 8.458+0.07 22.796+0.16 30.418+0.18 38.51740.19 4.122+0.05 | 8.895+0.05 23.980+0.14 31.778+0.16 39.923+0.17 4.632::0.09 POI2Vec | 2.599+0.01 3.871+0.03
Mobile-PEK POI2 Ve .53540.09  25.761-0. 4.88340.14 44.416+0.14 4.789+0.14 | 9.762+0.15  26.254-0. 4.97740.05 44.151+0.16  5.04420.1

obile OI2Vec | 9.535+0.09 25.761+£0.03 34.8830. 60, 890 9.762+0.15  26.254+0.06 34.977-£0.05 5140.16 5.044+0.10 Geo-Teaser | 2.53540.01 3.77340.02
Geo-Teaser | 9.351+£0.08 25.680+0.15 34.791+0.17 44.508+0.26 4.523+0.12 | 9.639+0.06 25.856+0.12 34.517+0.14 43.711+£0.21 4.819+0.20
TALE | 10.939+0.06 29.319+0.13 38.860--0.19 48.490+0.22 5.010+0.12 | 10.9420.07 28.479+0.29 37.802::0.42 47.301+0.54 5.52440.22 TALE 2.399+0.01  3.560+0.02
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Yan Lin, Huaiyu Wan, et al. Pre-training Context and Time Aware Location Embeddings from Spatial-Temporal Trajectories for User Next
Location Prediction. 7The 35th AAAI Conference on Artificial Intelligence (AAAl), 2021, 35(5), 4241-4248.
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> SEBGEER
PR RS RE s iR T 4 L T M ESS A ERRER

A | ST-RNN ERPP ST-LSTM
bR macro- macro- macro- macro- macro- macro-
Accuracy (%) Accuracy (%) Accuracy (%)
Bnsk \ HRAASAY Recall (%)  F1 (%) Recall (%)  F1 (%) Recall (%)  F1 (%)
FCLayer® | 3.74440.10 1.739+0.06 1.449+0.19 | 4.37340.14 2.017+0.04 1.595+0.05 | 4.54240.15 2.0924+0.09 1.689+0.07 [ Basic [l +TempEnc  [ll+MH [l CTLE ]
Skip-gram 3.671+0.11  1.7774£0.11 1.423+0.05 | 4.611+0.01 2.368+0.07 1.779+0.04 | 4.877+0.05 2.586+0.06 1.94740.04 M 654 a1l 3.3
Mobile- POI2Vec 3.9924+0.08 2.281+0.08 1.838+0.06 | 5.0244+0.08 2.5954+0.07 2.035+0.06 | 5.163+0.10 2.682+0.08 2.07740.10 E" 63 391 3.1
PEK Geo-Teaser 3.9984+0.13  2.166+0.07 1.796+0.07 | 5.1594+0.05 2.6714+0.08 2.039+0.03 | 5.305+0.05 2.739+0.04 2.084+40.02 % 61 . .
TALE 4.1994+0.05 2.2404+0.07 1.815+0.06 | 5.457+0.03 3.237+0.07 2.58740.03 | 5.511+£0.05 3.152+0.10 2.486+0.13 20 . - I
HIER 4.3394+0.04 2.4404+0.07 1.862+0.08 | 5.607+0.09 2.870+0.08 2.176+0.04 | 5.589+0.15 2.839+0.11 2.165+0.02 o5 a1 3:4
CTLE (ours) | 5.068+0.05 2.890+0.11 2.312+0.02 | 6.481+0.05 4.002+0.04 3.066+0.06 | 6.473+0.09 4.072+0.13 3.097+0.13 % 6.3 - i
FC Layer " 3.6744+0.07 2.408+0.07 1.946+0.05 | 4.343+0.18 2.4544+0.10 2.037+0.09 | 4.416+0.20 2.450+0.14 2.005+0.11 2 2:; 3.74 >
Skip-gram 3.646+0.05 2.278+0.08 1.809+0.05 | 4.405+0.06 2.45940.06 1.974+0.05 | 4.508+0.05 2.507+0.07 1.998+0.07 c 5.71 I 351 gl >0
Mobile- POI2Vec 3.936+0.04 2.605+0.04 2.084+0.03 | 4.923+0.06 2.9924+0.02 2.408+0.02 | 4.930+0.07 2.890+0.10 2.30540.08 = 5.5° 3.3° 2.8°
Accuracy(%) macro-Recall(%) macro-F1(%)
SHE Geo-Teaser 4.006+0.05 2.4554+0.03 1.897+0.02 | 4.932+0.12 2.895+0.02 2.410+0.07 | 5.130+0.15 2.754+0.07 2.245+0.06
TALE 4.6894+0.10 3.4441+0.09 2.761+0.08 | 5.179+0.09 3.446+0.06 2.883+0.04 | 5.204+0.06 3.399+0.11 2.787+0.11 gﬂ{q:ﬁj\*)—:r
HIER 4.5394+0.22 3.1174+0.15 2.5214+0.09 | 5.624+0.16 3.273+0.17 2.708+0.18 | 5.672+0.09 3.252+0.07 2.680+0.05
CTLE (ours) | 5.1244+0.20 3.3924+0.11 2.720+0.07 | 6.311+0.04 3.984+0.05 3.340+0.07 | 6.325+0.08 3.950+0.11 3.291+0.06
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Yan Lin, Huaiyu Wan, et al. Origin-Destination Travel Time Oracle for Map-based Services. 7he 2024 International Conference on
Management of Data (SIGMOD), 2024, 1(3), 217.
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> SEIgt
BAEny

> {TRRERTE L-, AbRITAIEM&IT T E
- Dijkstra: RIGEREREX TEMP: [ISR#BLIRE AT
* DeepST: EFREFIRIERRLEN - LR: ZetfEF

o g = D T L et « GBM: EF&EMFIRVAFZ14E]T
e "?"flﬂ‘i‘f??'* - - ST-NN: RIS a it iR TASE
© WDDRA: SESITHRIAIRE . MURAT: {RIER It R o B TRt
« STDGCN: EFFREMRELBEHERANEE . DeepOD: E&#a4& S S5H LM X
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1TIEERGER
- FriREREIREE A Al EIRRVHILTIE, FIIMIERISEEESEE

Hmse B 1 W IR _—
FebR RMSE MAE
Overall 0.196/0.181 0.027/0.023

Channel 1 (Mask) | 0.271/0.224 0.039/0.028
Channel 2 (ToD) | 0.128/0.183 0.016/0.024

Channel 3 (Offset) | 0.159/0.123 0.025/0.016 (a) GT PiTs (b) Inferred PiT
Hhuse R 1 M IR
Ei=gan Pre(%) Rec(%) F1(%)

Dijkstra | 68.918/45.459 31.310/42.525 42.065/39.993
DeepST | 59.755/74.519 55.776/62.907 56.911/66.029 ._
IGOP | 87.890/88.190 88.684/88.982 88.280/88.584

(a) GT PiT at 9:00 (b) Inferred PiT at 9:00 (¢) GT PiT at 17:00 (d) Inferred PiT at 17:00
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> IR TRIEEITER

- HRTIWERE, AriEHRES

BRI THI A T HESS HYMERRER

ﬁ%% }ﬁ%ﬁ/ﬂéﬁ{ﬁ B Chengdu o Harbin . B Chengdu - Harbin )
fih% | RMSE(SM4) MAE (M%) MAPE (%) J :b/f TR R -
= 29 1.5 20 2‘5 3‘0 - “ 1.0 1‘5 20 2‘5 3‘0 - * 25(‘)0 1000 1500 2000 ) * 560 10’00 1500 2(;)0 :
Dijkstra | 9.677/11.865 7.618/8.447 48.618/55.261
DeepST | 4.717/8.926  3.452/5.849 27.503/37.772 (a) MK Lo IS5 b) PN B
WDDRA | 4.581/8.836 3.210/5.705 24.553/35.617 ) Chengdu o Horbin - Chengds o )
STDGCN | 4.469/8.679  3.104/5.564 23.187/33.771
%4-.\‘\/7‘5 u"’j 8"\0‘0--”’.‘45 Ea-wqé é 8'.\-0—0——-’""”4§
TEMP | 5.578/10.150 4.267/7.891 36.611/66.781 Al R NS — e BN S [ | e —
LR 6.475/10.290  5.036/8.006 44.514/67.669 N
GBM | 4.999/9.069 3.655/6.748 29.636/54.413 () Unet 23 Ly 9B (@) Transformer iR AKEEE di 19
RNE 4.624/8.571  3.416/6.245 27.660/47.956 ] Chengdu L Harbin
ST-NN | 3.961/8.492 2.803/6.114 21.532/45.891 \—/. \//
MURAT | 3.646/7.937 2.384/5.360 18.345/41.128 \,/ \/v/
DeepOD | 3.764/7.859  1.789/4.533  14.997/36.974
IGOP | 3.177/7.462 1272/3213 11.343/26.698 (e) Transformer 241 Ly (K511
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> SEEINIE
HRTWERL X, MRHEETREESEENEET

A GITEES JICHR 1 W /R
T RMSE (43#f) MAE (534f) MAPE (%)

Dijkstra+DeepTEA | 9.641/11.862  7.582/8.396 48.337/53.949
DeepST+DeepTEA | 4.692/8.901  3.416/5.821 26.959/37.063
WDDRA+DeepTEA | 4.497/8.584  3.140/5.545 23.537/34.723
STDGCN+DeepTEA | 4.393/8.569  3.056/5.501 22.812/33.688
RNE+DeepTEA 4.627/8.403  3.447/6.061 28.239/45.345
ST-NN+DeepTEA 3.912/8.427  2.740/5.994 20.818/43.664
MURAT+DeepTEA | 3.644/7.899  2.367/5.181 17.986/37.728
DeepOD+DeepTEA | 3.763/7.817  1.783/4.345 14.835/33.127
IGOP 3.177/7.462  1.272/3.213 11.343/26.698
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traj2vec GM-VSAE TremBR CTLE Toast

t2vec generative contrastive
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Yan Lin, Huaiyu Wan, et al. Pre-training General Trajectory Embeddings with Maximum Multi-view Entropy Coding. /£EE Transactions on
Knowledge and Data Engineering (TKDE), 2024.
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BEANITERNRE

« traj2vec: EFBEFNNITRRFEIEE
« t2vec: EFEIEBRIBANITRIFIIREE
« GM-VSAE: EFZroBEmiEssaiTFER

PULEES

+ TremBR: EFRNNZmEesAYHITRRFEIE

HU

- CTLE: HAIRANB2HIZEHAIRE
- Toast: ZEEnode2vecSHEISIESIEILAVENILE
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B S AN

> EaTEeEXIEL
o E=FMRFHES EXRIK EZFZIE

TES | AmbsaEE | AT | B
FEbR \ Acc@1(%) Acc@5(%) | MAE(441) RMSE(4H4h) MAPE(%) \ Acc@1(%) Acc@5(%) F1(%)
traj2vec 61.38+£0.78 71.19+0.59 | 2.570+0.022 3.740+0.020 35.11+£0.24 | 45.544+0.27 68.23+0.20 17.83£0.09
t2vec 61.52+1.14 71.70£1.56 | 2.518+0.024 3.6954+0.031 33.49+0.30 | 39.52+0.13 63.36+£0.40 13.514+0.12
GM-VSAE | 64.2840.87 76.17+£0.49 | 2.515+0.033 3.732+0.041 33.4940.32 | 44.374+0.63 67.30+0.86 17.64+0.11
TremBR | 71.514+2.51 79.49+1.65 | 2.4454+0.043 3.633+0.063 32.01+0.45 | 55.04+0.55 77.74+0.26 26.89+0.13
CTLE 73.75£1.41 82.69+1.62 | 2.341+0.035 3.558+0.071 30.37+0.51 | 59.88+0.26 79.924+0.13 27.66+0.13
Toast 78.67+0.71 86.40+0.60 | 2.320+0.028 3.477+0.069 29.4440.44 | 57.99+0.64 77.14+0.85 26.174+0.99
generative | 72.894+0.84 83.20+1.21 | 2.2394+0.042 3.341+0.033 28.10+0.93 | 62.52+0.12 89.26+0.14 30.0440.14
contrastive | 80.62+1.99 93.13+1.41 | 2.4194+0.124 3.590+0.184 31.59+1.79 | 60.84+0.31 87.66+0.13 27.35+0.28
MMTEC | 84.27+3.02 95.15+1.63 | 2.079+0.109 3.104+0.194 26.02+1.00 | 64.61+0.13 91.71+0.06 33.35+0.11
~ LY
RS TS ERERXILL
\
E‘Z%BR <L 1LF3/ E =
t2vec GM-VSAE TremBR

is,
k2

Hb

<
e

Chengdu

IR SFH&{

traj2vec
E

Xian

STS

5TS

TTE

STS

DP

STS

DP

TTE

STS

STS

TTE

TUHES

I :T e 7R3 2 S

HRATIS T At

H AT

itz

| Acc@1(%)

Acc@5(%)

| MAE(4+4h)

RMSE(7M)

MAPE(%) | Acc@1(%)

Acc@5(%)

F1(%)

traj2vec
t2vec
GM-VSAE
TremBR
CTLE

Toast

58.57+0.72
58.19+1.27
62.474+0.30
65.55+1.34
65.74+1.95
69.43+2.12

77.03+0.62
73.78+1.14
78.24+1.03
79.55+1.63
79.26+£1.25
83.41+1.67

3.14240.050
3.17840.016
3.143+0.032
3.037+0.028
2.949+0.042
2.94140.066

5.159+0.048
5.248+0.011
5.1234+0.039
5.0731+0.022
4.912+0.108
4.894+0.173

30.64+0.79
30.931+0.30
30.73+0.43
28.65+0.31
27.74+0.58
26.86+0.80

44.04+0.43
37.994+0.16
45.21+0.89
56.78+0.61
62.25+0.53
59.47+£0.65

67.201+0.21
62.471+0.41
68.82+0.88
79.33+0.98
85.214+0.53
81.77+0.71

13.56+0.49
8.731+0.34
13.73+0.79
22.14+0.90
27.17+0.81
24.71£0.93

generative
contrastive
MMTEC

66.95+1.93
77.27+1.65
76.57+3.05

82.28+1.24
89.92:1.22
91.38+2.04

2.900+0.090

4.72440.138

3.15840.049
2.870+0.023

5.086+0.111
4.6531+0.073

26.91+0.92 | 64.5240.18

92.09+0.11

30.14£0.74

29.47+1.38
26.061+-0.44

62.50+0.14
67.621+0.21

87.461+0.07
93.68+0.08

26.75+0.41
36.38+0.79

CTLE

STS

STS

Toast

LIRS E RIS HEREXILL

ge:

TTE

STS

STS
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STS

S5TS

contrastive
TTE

MMTEC
TTE

STS
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(a) HRAHERE d B

Acc@1(%)
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~ © o]
o w

|
%

Acc@5(%)
©
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YYD X5 0A R 90

(€) FBIRITH K BT

EBSEBIERDT

2

it
i

FEhR Acc@1(%)  Acc@5(%)
only-sem 64.84+11.53 77.93+13.62
only-con 59.36+4.67 71.23+5.32

no-time 67.38+5.28  78.14+7.50
no-spatial 53.10+£0.51 64.23+1.04
dis-no-time 70.72+0.49  82.53+0.91
dis-no-spatial | 72.71+2.14  83.93+2.85
con-no-time | 69.69+0.57 80.24+0.83
con-no-spatial | 62.794+0.59  73.56+0.91
Dis-Trans 82.86+£2.57 94.36+1.39
Con-Trans 74.97+3.55  88.75+£1.91
MMTEC 84.27+3.02 95.15+1.63
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Yan Lin, Jilin Hu, et al. GTM: General Trajectory Modeling with Auto-regressive Generation of Feature Domains. Proceedings of the VLDB
Volume 77, under review.
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: (t:) Residual & Layer Normalization
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Shorest Path: EFS&EREMNTGE - ETFNTBREFRTFEINGIE: trajectoryvec,
« Linear+HMM: ZiHiF+*MlSEEMIEE L t2vec, Trembr, START
« Trimpute: ETFEIESIHGRITIRES A - EFNimEinFR~FIRIGA: DeepMove,
- DHTR: ETFseq2seqflR/REEREMIGE Transformer
- AttnMove: EFFEIIGE > BRiRTE TS

\ : iTEIENEIT A

* MTrajRec: BEFGRURIEMATRADIXETTIE RNE, TEMP, LR, GBM, ST-NN, MURAT, DeepOD,
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TNiFES HEUESE

> IRRSEIRE
o« FIREMEUE

<

> AR > L ikt AT A
it




5- [ [=)iE FAERE AL B

> G TERERIEL
- BEBBIRFHULINE. IRITHIENETHES YRR

Sampling Interval p 1 minute / 2 minutes / 4 minutes

Datasets ‘ Methods Precision (%) T Recall (%) T MAE (Coor, meters) | MAE (Road, meters) |
Shortest Path | 62.638 / 43.504 / 29.431 59.346 / 40.949 / 27.607 213.10 / 428.69 / 752.19 206.91 / 391.39 / 586.09

Linear 66.642 / 48.604 / 36.209 65.557 / 45.234 / 30.496 183.64 / 385.23 / 675.85 169.46 / 378.96 / 564.19

TrImpute 77.520 / 60.179 / 57.526 76.202 / 58.461 / 53.747 166.82 / 276.56 / 408.64 155.71/ 265.34 / 387.36

DHTR 53.514 / 53.608 / 50.985 58.868 / 47.918 / 46.311 205.59 / 317.45 / 450.61 300.67 / 470.46 / 547.41

Chengdu AttnMove 84.162 / 81.402 / 78.645 81.839 / 76.612 / 69.257 252.59 / 280.20 / 354.39 201.51 / 258.69 / 323.52
MTrajRec 85.039 / 82.596 / 80.684 83.351/80.113 / 72.952 243.01 / 264.15/ 311.53 173.67 / 204.58 / 282.88
RNTrajRec 87.653 / 83.174 / 79.404 86.025 / 80.150 / 72.633 215.24 / 234.27 / 326.92 114.04 / 148.04 / 292.61

GTM w/o pt 83.720/ 77.425 / 72.471 82.827 / 73.933 / 62.757 194.30 / 272.86 / 479.49 86.15 / 230.68 / 448.98

GTM w/o ft 87.664 / 83.592 / 79.096 85.837 / 78.406 / 70.717 137.69 / 217.85 / 350.29 81.81/167.16 / 315.07
GTM 89.071/84.373 / 80.828 88.249/81.520/73.212 133.38/192.54/304.72 67.98 / 143.48 / 275.37

Shortest Path | 69.780 / 53.590 / 40.492 60.354 / 46.263 / 33.758 202.17 / 434.37 / 679.72 165.02 / 319.32 / 478.66

Linear 72.961 / 60.966 / 48.529 63.146 / 48.401 / 35.507 196.51 / 403.05 / 621.88 132.76 / 275.43 / 430.22

TrImpute 76.781 / 66.492 / 50.021 69.599 / 58.676 / 43.052 132.76 / 275.43 / 430.22 128.48 / 235.63 / 347.30

DHTR 63.287 / 58.897 / 52.658 62.511 / 56.444 / 42.462 235.32 / 292.65 / 355.23 285.68 / 336.48 / 389.18

Porto AttnMove 79.541/ 75.751/ 71.248 67.116 / 56.751 / 48.991 184.70 / 222.51 / 304.31 134.17 / 184.03 / 251.92
MTrajRec 78.081 / 72.847 / 64.566 71.853 / 60.068 / 46.110 168.34 / 283.90 / 496.96 121.64 / 215.40 / 391.67
RNTrajRec 80.305 / 77.094 / 75.573 74.953 / 65.370 / 50.965 135.17 / 175.42 / 294.08 111.75/152.49 / 230.30

GTM w/o pt 81.058 / 73.842 / 67.189 77.683 / 61.987 / 42.688 132.97 / 229.11 / 496.99 69.70 / 204.01 / 488.13

GTM w/o ft 81.716 / 79.067 / 74.732 75.144 / 63.059 / 50.269 118.79 / 194.37 / 338.30 76.46 / 159.81 / 320.79

GTM 82.640/79.494/ 77.068 78.605/ 66.850 / 53.436 103.06/ 164.75/ 282.61 63.18 / 138.66 / 268.98

Datasets | Chengdu / Porto

Methods | MAE (min) | RMSE (min)| MAPE (%)
RNE 1.087 /2357  4.967/7.168  18.185/ 53.894
TEMP 0.816/2.610  1.100/3.414  13.003 / 59.178
LR 0.815/2.596  1.097 /3.408  12.997 / 58.390
GBM 0.773/2.200  1.202/3.116  11.142/ 43.308
ST-NN 0.770/2.136  1.031/3.027  12.470 / 45.285
MURAT 0.731/1.971  0.979/2.827 11.931/41.259
DeepOD 0.640/1.899  0.880/2.780 10.517 / 36.956
DOT 0.614/1.777  0.841/2.644  9.937 / 34.883
GTM w/opt | 0.666/1.871  0.933/2.797  10.501 / 34.895
GTM w/o ft | 2.203/3.470  2.469/4.694 35.039 / 45.700
GTM 0.561/1.615 0.784/2.470 8.853/31.391
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Sampling Interval y

1 minute / 2 minutes / 4 minutes

Datasets ‘

Methods

Accuracy (%) T

MAE (Coor, meters) |

MAE (Road, meters) |

MAE (Time, seconds) |

Chengdu

trajectory2vec
t2vec
DeepMove
Transformer
Trembr+RNTR
START+RNTR

31.496 / 24.403 / 17.163
53.349 / 43.303 / 35.058
58.499 / 45.985 / 37.338
65.192 / 60.028 / 55.139
52.065 / 43.196 / 34.655
59.462 / 48.466 / 40.941

1514.5/1682.8 / 1861.6
528.65 / 602.45 / 731.00
319.14 / 461.73 / 664.93
374.36 / 402.11 / 431.01
421.95 / 482.67 / 561.89
375.39/ 421.45 / 481.32

1322.0 / 1616.5 / 1957.5
286.18 / 434.27 / 635.45
258.96 / 397.95 / 607.42
236.86 / 287.61 / 320.92
398.76 / 455.98 / 532.03
355.00 / 399.66 / 457.35

14.474 / 20.722 / 37.256
13.016 / 19.539 / 34.488
11.994 / 19.435 / 35.039
16.287 / 29.848 / 34.226
14.346 / 19.110 / 28.659
12.771/ 14.439/ 19.443

GTM w/o pt
GTM w/o ft
GTM

71.795 / 50.041 / 33.882
67.064 / 61.766 / 53.949

82.820/78.921/72.083 260.31/ 303.44 / 362.32

376.05 / 540.89 / 857.43
368.30 / 452.75 / 544.02

263.83 / 568.73 / 942.64
230.24 / 320.19 / 443.43
128.44/ 200.80 / 260.13

5.301/10.198 / 9.562
6.084 / 12.189/ 9.910
3.821/7.919/7.131

Porto

trajectory2vec
t2vec
DeepMove
Transformer
Trembr+RNTR
START+RNTR

13.396 / 10.178 / 5.440
38.945 / 30.805 / 22.812
43.774 / 33.562 / 23.645
43.441/39.425 / 33.685
40.128 / 34.857 / 26.004
52.118 / 43.617 / 34.931

1709.3 / 2108.9 / 2488.5
432.77 / 528.89 / 732.13
252.22/390.57 / 679.62
323.58 /351.18 / 402.32
413.20 / 471.45 / 620.77
351.98 / 416.83 / 503.32

2227.4 / 2425.6 / 3003.6
206.95 / 346.72 / 641.26
197.89 / 328.93 / 681.40
216.18 / 256.89 / 283.72
393.18 / 448.74 / 597.73
333.56 / 396.39 / 483.41

31.442 / 46.097 / 54.585
17.420 / 28.436 / 48.651
16.998 / 26.309 / 46.629
18.231/ 30.541 / 49.083
18.915/ 21.843 / 28.683
14.729 / 17.722 / 22.455

Datasets | Chengdu / Porto
Methods u | Accuracy (%)  MAE (Coor,m.) MAE (Time, sec.)
Trembr 15sec. | 66.077 / 52.063 399.40 / 362.84 8.534 / 15.046
START 15 sec. | 74.990/ 62.997 354.76 / 318.26 8.068 /12.476
GTM 4 min. | 72.083/65.125 362.32 / 322.63 7.131/11.549
GTM 1 min. | 82.820/ 68.529 260.31/ 238.83 3.821/ 6.845

GTM w/o pt
GTM w/o ft
GTM

61.480 / 46.938 / 31.304
48.770 / 48.474 / 44.477

68.529 / 67.697 / 65.125 238.83 / 232.15/ 322.63

307.23 / 369.86 / 649.71
325.58 /370.04 / 454.70

145.36 / 295.58 / 624.11
170.32 / 193.40 / 279.12
99.67 / 103.79 / 140.17

10.853/11.316 / 11.643
11.509 / 18.342 / 18.081
6.845 /9.449 / 11.549
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Precision (%)

(a) IR AZERE d

90
87
84
81

Precision (%)

75

C %ie  WBER  HRRS

78 | 769

90 384 89.07 88.94
87
I3 e 84.36 84.37 84.08
% g et ey
'9 80.83
§ 81 . 80.02 Ao
& 78 77.85
7
1 2 4 8 16
89.07 8891 89.17 -—p=1 Sl
g ¥ =250
. 400 o =44
g
; .éH 320 306.2 ”:5 304.72 306.18 304.78
> 0 e 18958  192.54 18585 191.83
160 |15 135.75 13338 133.33 136.73
10 50 100 150 200 10 50 100 150 200
(c) BHESHME & CK)
73 Ay 4 / \
eSS g

333.69
304.72

328.19
300.77

206.
196.94 206.03 192,54 189.37

144.53 148.86

134.91 133.38 130.59

1 2 -+ 8 16

(b) HREIISLEN,

SRAEMRIFE L5350 12 350 1 4 53
BTV Precision (%) MAE (A5, k)
w/o neigh. | 76.834/74.494/71.950 128.36/193.41/300.30
w/o coor. 78.891/77.345/72.433 162.03 /284.03 / 444.69
w/o time 86.821/83.230/77.055 140.98 /203.23/318.81
w/o shuffle | 84.406/77.467/73.589 158.95/276.26/433.86
Flat encoder | 85.548 /79.874/74.162 142.02/216.87 /323.66
FC num. enc. | 86.051/81.433/76.964 145.67/218.25/327.71
GenSTL 89.071/84.343 /80.828 133.38/192.54/304.72
PAN
B
74
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