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Motivation

Recently, the advancement of foundation models has elevated the
implementation of parallel transportation systems to a new level
because of their exceptional understanding, generation, and
reasoning abilities. However, the inherent flaws of foundational
models (FMs) hinder their application in actual transportation
systems and could even jeopardize the safety of passengers and
drivers as follows:

(1) “Hallucination” phenomena and outdated knowledge within FMs
contribute to the unreliability of their inferences.

(2) The fact that FMs are neural network based “black-box” models
makes their generation results inexplicable and untrustworthy.



Main idea

»We propose a unified TransRAG framework for parallel
transportation to guarantee the dependability and trustworthiness
of FMs’ decision-making in different traffic scenarios and thus the
safety of traffic system operations.

» Retrieval-augmented generation (RAG) and chain-of-thought
(CoT) prompts are integrated into the framework to enable FMs to
access real-time knowledge and information without the need for
re-pretraining, steering them toward generating more accurate
and interpretable outcomes.
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Storage layer

» The storage layer is the lowest tier, primarily responsible for

storing actual data and knowledge and supporting web-based
retrieval functions.

» The stored data can be updated in real time, including real-time
traffic data, traffic engineering knowledge, traffic scenario library,
historical traffic data, and social media & survey data.

» To speed up retrieval and meet FMs’ input token limits, all the
texts in the database are broken down into several smaller and
more approachable chunks. Subsequently, an embedding model
Is used to encode these chunks as corresponding vector
representations, and thus an index is created where chunks are
stored as values and vector representations as keys.



Management layer

» The management layer is the middle tier and leverages RAG and
CoT to guide foundation models in making reliable and
interpretable decisions through computational experiments.

» The entire decision-making process can be divided into two stages,
retrieval and generation, so the layer includes at least one retriever
and one generator.

»In the retrieval stage, after a query is asked, the same embedding
model as the storage layer is leveraged to encode it as a query
vector. The top-K most similar chunk vectors are identified and
returned as relevant information by computing the similarity
between the query vector and the chunk vectors.

»In the generation stage, the query, its relevant information, and
task-specific prompts are combined as a coherent contextual
prompt, fed into the generator to formulate a response.



Execution layer

» The execution layer is the highest tier, where the decisions from
the management layer are executed in actual transportation
systems in parallel with artificial transportation systems.

» A variety of artificial systems are built using scenario data from
the storage layer, where computational experiments are
performed by the management layer.

»During parallel execution, the differences between the two types
of systems are fed back into the management layer to
continuously optimize decision-making.

»Generated intermediate data and tested case studies are
transmitted to the storage layer for storage, thereby
accumulating experience for future strategy formulation.



Opportunities and challenges
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Conclusions

» Transportation 4.0 to Transportation 5.0 requires a unified
approach that seamlessly integrates all these elements,
especially human and societal factors, instead of addressing
them as separate issues.

» The proposed TransRAG for parallel transportation shows
promise in advancing the shift toward Transportation 5.0 as a
holistic framework.

» The shortcomings of TransRAG, such as privacy breaches,
single point of failure, and delays in data access, are analyzed,
and the corresponding solutions are offered, including the use
of blockchain, smart contracts, and caching.



Jing YANG received the bachelor degree in automation from
Beijing University of Chemical Technology in 2020. She is
currently a PhD candidate at the State Key Laboratory of
Multimodal Artificial Intelligence Systems, Institute of Automation,
Chinese Academy of Sciences, Beijing, China. Her research
interests include parallel manufacturing, social manufacturing,
cyber—physical—-social systems, and artificial intelligence.

Xingyuan DAl is an associate professor at State Key Laboratory
of Multimodal Artificial Intelligence Systems, Institute of
Automation, Chinese Academy of Sciences, China. He received
the PhD degree in pattern recognition and intelligent system from
Institute of Automation, Chinese Academy of Sciences in 2012.
He was a visiting scholar at University of California, Berkeley in
2019. His research interests include data mining and machine
learning.



Yisheng LV received the BE and ME degrees in transportation
engineering from Harbin Institute of Technology, Harbin, China, in
2005 and 2007, respectively, and the PhD degree in control theory
and control engineering from the Chinese Academy of Sciences,
Beijing, China, in 2010. He is currently a Professor with the State
Key Laboratory of Management and Control for Complex
Systems, Institute of Automation, Chinese Academy of Sciences.
His research interests include traffic data analysis, dynamic traffic
modeling, and parallel traffic management and control systems.

Levente KOVACS received the PhD degree in electrical
engineering from the Budapest University of Technology and
Economics, Budapest, Hungary, in 2008. He is Full Professor with
the John von Neumann Faculty of Informatics, Obuda University,
Budapest. He is the Rector/President with Obuda University. He
has authored and coauthored more than 500 articles in
international journals and refereed international conferences, with
an H-index of 30. He founded the Physiological Controls
Research Center at Obuda University in 2013, and was its Head.
He was Janos Bolyai Research Fellow of the Hungarian Academy
of Sciences during 2012—-2015. His research interests include
modern control theory and physiological controls.



Fei-Yue WANG received the PhD degree in computer and
systems engineering from Rensselaer Polytechnic Institute, Troy,
NY, USA, in 1990. He is currently a Professor with the State Key
Laboratory for Management and Control of Complex Systems,
Institute of Automation, Chinese Academy of Sciences, Beijing,
China, also with the School of Artificial Intelligence, University of
Chinese Academy of Sciences, Beijing, and also with the Macau
Institute of Systems Engineering, Macau University of Science
and Technology, Macau, China. He received the IEEE ITS
Outstanding Application and Research Awards in 2009, 2011,
and 2015, and the IEEE SMC Norbert Wiener Award in 2014. In
2021, he became the IFAC Pavel J. Nowacki Distinguished
Lecturer. He is a Fellow of the International Council on Systems
Engineering, International Federation of Automatic Control,
American Society of Mechanical Engineers, and American
Association for the Advancement of Science. His current
research focuses on methods and applications for parallel
systems, social computing, and knowledge automation.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




