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Temporal Fusion Transformers and Deep Learning Methods
for Multi-Horizon Time Series Forecasting
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ABSTRACT

Given that time series are used in various fields, such as finance, IoT, and manufacturing, data analytical methods for accurate time-series
forecasting can serve to increase operational efficiency. Among time-series analysis methods, multi-horizon forecasting provides a better
understanding of data because it can extract meaningful statistics and other characteristics of the entire time-series. Furthermore, time-series
data with exogenous information can be accurately predicted by using multi-horizon forecasting methods. However, traditional deep
learning-based models for time-series do not account for the heterogeneity of inputs. We proposed an improved time-series predicting method,
called the temporal fusion transformer method, which combines multi-horizon forecasting with interpretable insights into temporal dynamics.
Various real-world data such as stock prices, fine dust concentrates and electricity consumption were considered in experiments. Experimental
results showed that our temporal fusion transformer method has better time-series forecasting performance than existing models.
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Table 1. Experimental Results

Dataset
Beijing Carri.a 8 Electricity
Service
PM2.5 [10] Transformer [11]
stock [9]
TFT 0.1310 0.0575 0.0462
Single
VISE LSTM 0.1282 0.2066 0.7785
Loss | Stacked
LSTM 0.2010 0.3765 0.6953
1D CNN 0.1116 0.1583 0.4811

A& Bl LSTMolU CNN 2Rk AFSEE o o 3E
SH CSEA g2 AZ £ 5 Sl ole ddiAes F4
glole Agte] A=ghe] FF/7F vlHwA] dlojele} vasA
o A7 fEo= sfAE.

upAEto 2 7] #eY] HolHE AR SiM A ZIeet
23 TFT WS ARRE b 7P Agst d5d A



Temporal Fusion Transformers®t A& 8l& BiHS AIRS S

—— target
pl0
7ad” b \ \ - —— p50
/;“/ — p90

(B)
M\/v-/\/\wx\w\f/ﬂ/\\*'“w‘”\,/\/m/ﬁ

—— target
p50

(©) //v-
/\’/\N\""/\\\A/J\/\/M/\\ﬁm\/‘/\'ﬁ 2
A

—— target
predicted

(D) D

«'M\JVWW\J”“ " ‘target

e gy

Time Step

predicted

predicted

Fig. 4. Carriage Service Stock Prediction Result. (A) Prediction
Result from TFT Method, (B) Prediction Result of 50 from TFT
Method, (C) Prediction Result from Single LSTM, (D) Prediction
Result from Stacked LSTM, (E) Prediction Result from 1D CNN

Fig. 49} Table 15 &34 &RIT & Ut 7] #47] €
olgl9] B oE HlolH % %‘ET‘% 71 Et*‘-% Oﬂzol EE
oAl ekttt ol= Fedt sl
AEHAA ARGl Higt ZJEEJ OMEP XJﬂ’—‘iﬂi Ad 3t
A GH 2= FE 52 9 AREE = Slofof 5] miE
ot} StAYE LSTMOIU CNN 7[¥H9] 212 A% Hds2
TS GRS AR A2 AHEE 9d50] oF
oA 2] okt

ol
my

=

AN AREE oF HlolH FR7F AAE FHE

o2 ol e tiE AAY £ of ofol
9 BEHL ¥Y 5 YA mokEh AT AAL dole
L ot R0 éi— Eﬂﬁkﬂ A=) o] o2
9l E42 71 doleg B WA = sjor ekt o
2 29% 92 4 90, o]é A £ =EolAE TFT %
W3t 7120) ASshs WSS Y4YT AU Deo] 9

F AMAE HlolE 24 85

€ HlolH #&sto] o5 d5& @

AL 58

o wwsthch. U wAwA Hold, F4 dofe,
01 997 HolelE AgSHoR AR A TIT o
2 22 44% ndsng Yrgor o JusH] 4

31t A selstar.

References

(1] B. Lim, S. O. Arik, N. Loeff, and T. Pfister, “Temporal fusion
transformers for interpretable multi-horizon time series
forecasting,” arXiv preprint arXiv:1912.09363, 2019.

[2] F. Luna-Perejon, M. J. Dominguez-Morales, and A. Civit-
Balcells, “Wearable fall detector using recurrent neural
networks,” Sensors, Vol.19, No.22, pp.4885, 2019.

(3] D. Kraft, K. Srinivasan, and G. Biebe, “Deep learning based
fall detection algorithms for embeded systems, smartwatches,
and IoT devices using accelerometers,” 7echnologies, Vol.8,
No.4, pp.72, 2020.

[4] H. Hewamalage, C. Bergmeir, and K. Bandara, ‘Recurrent
neural networks for time series forecasting: Current status
and future directions,” /nternational Journal of Forecasting,
Vol.37, No.1, pp.388-427, 2021.

(5] D. Salinas, V Flunkert, and]. Gasthaus, “DeepAR: Probabilistic
forecasting with autoregressive recurrent networks,” nter-
national Journal of Forecasting, Vol.36, No.3, pp.1181-1191,
2020.

[6] R. Wen, K. Torkkola, B. Narayanaswamy, and D. Madeka,
‘A multi-horizon quantile recurrent forecaster,” arXiv
preprint arXiv:1711.11053, 2017.

[71 Y. Liu, C. Gong, L. Yang, and Y. Chen, “DSTP-RNN: A dual-
stage two-phase attention-based recurrent neural network for
long-term and multivariate time series prediction,” Expert
Systems with Applications, Vol.143, pp.113082, 2020.

(8] C. Fan, Y. Zhang, Y. Pan, X Li, C. Zhang, and R. Yuan, “Multi-
horizon time series forecasting with temporal attention
learning,” Proceedings of the 25th ACM SIGKDD Interna-
tional Conference on Knowledge Discovery & Data Mining,
pp.2527-2535, 2019.

[9] C. Favorita, Corporacion favorita grocery sales forecasting
competition, 2009.

[10] Yahoo Finance, Carriage Services, Inc., 2021.

[11] X Liang, T. Zou, B. Guo, and S. Li, “Assessing Beijing's PM2.5
pollution: Severity, weather impact,” APEC and Winter
heating, Proceedings of Royal Society, Vol.471, No.2182,
pp.20150257, 2015.

[12] H. Zhou, S. Zhang, J. Peng, S. Zhang, J. Li, and H. Xiong,
“Informer: Beyond efficient transformer for long sequence
time-series forecasting,” Proceedings of AAAL 2021.



86 I‘IE;;-l E_| St |

E9of & Hoje Jat HM113E HM25(2022. 2)

21 o] 7
o o o
https://orcid.org/0000-0002-6373-7646

e-mail : kim_jenn@kookmin.ac.kr
20209 Zuldishy A Q) @srL(ED

20209 ~@ A =ity HHE-eE

of X +
https://orcid.org/0000-0002-5947-5487
e-mail : jaekoo@kookmin.ac.kr
20189 A&t M7 AFEFER(EAD
20119 ~201349 LGAA CTOH-&

A FAATd
T Eok: Artificial Intelligence(Al) & 201849 SKEHF ICT7]&¢ YA
Time Series Data Analysis 20189 ~&d A Sty SWeE 2uS
TA oL : Artificial Intelligence(Al), Machine Learning,
Deep Learning and Data Science
A s

https://orcid.org/0000-0001-9676-9604

e-mail : frshield2@kookmin.ac.kr

20209 =Ygt A X E Qo] HF (S

20208 ~@ A F¥idista AFEEet
SN

T4 Eok: Artificial Intelligence(Al) &

Domain Generalization





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


