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  In Tokyu Community Corporation’s customer center, it has become quite necessary to create

measures and new services to further improve customer satisfaction due to the increasing number 
of inquiries from customers. To address this issue, Mitsubishi Heavy Industries, Ltd. (MHI)
developed a new system that predicts the number of future inquiries, utilizing machine learning,
and classifies/visualizes text information of inquiries made in the past by customers. This is one
form of the application of the prediction technique and text mining technology that have been
applied to our products in the past. MHI will continue to support a variety of customer value
creation activities utilizing data and our wide range of product/service knowledge to contribute to
the creation of a more prosperous society. 

  

  
|1. Introduction 

Since May 2016, Tokyu Community Corporation, a leading company in general property
management, has run a customer center that responds promptly to inquiries from customers,
aggregates and analyzes customer requests and consultation details (that are subsequently turned
into new services) for the purpose of boosting customer satisfaction. The customer center responds
to all consultations from approximately 600,000 residents nationwide. The consultations vary
widely from interior repair and renovation, the buying/selling and leasing of properties, appropriate
attitude to the neighborhood, etc. While the attentive and appropriate care provided by dedicated
operators has led to improved service quality, the following issues have become obvious in terms
of a further increase in customer satisfaction. 

(1) It is necessary to suppress the decline in customer satisfaction by being capable of handling a 
sudden increase of inquiries at the end of the month or after public holidays. 

(2) It is necessary to analyze trends of various inquiries from customers, to optimize the contents
of the FAQ (Frequently Asked Questions) on the company’s website, and to grasp customer
needs, which would lead to the launch of entirely new services. 
In response to these issues, MHI has developed a new system where the comprehensive

energy solution service ENERGY CLOUDTM, which utilizes our original machine learning that we 
have been applying to what we offer for large energy consumers including manufacturing
businesses, is applied to service industries and management areas such as call centers. This report
introduces the process of development of our new system, covering everything from the
implementation details to outcomes in terms of problem solving. 

|2. Approach to problem solving 
Firstly, we ascertained the actual conditions of the worksite and data trends accumulated at

the customer center, and then narrowed down the target for analysis. In terms of understanding the
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data trends, the following four types of data were used. 
(1) Number of actual inquiries made 
(2) Operator performance/schedules 
(3) Public holidays 
(4) Text information of the inquiries 

According to the above data, we ascertained the chronological changes in the number of
inquiries and contents based on Exploratory Data Analysis (EDA) (Figure 1 and Figure 2). Figure 
1 illustrates text information of inquiries classified by category and visualized chronological 
changes in the number of inquiries, whereas Figure 2 demonstrates text information of 10,000
inquiries classified by contents utilizing text mining technology. 

 

Figure 1  Number of inquiries by category 
 

 

 

Figure 2  Results of classification of text information from inquiries made 
  

The EDA results verified the on-site tacit knowledge and empirical rules in a quantitative 
manner, including categories in which the number of inquiries increases around specific dates,
those in which periodic fluctuations occur and those which vary depending on events such as
weather conditions. Based on these premises, MHI, in tandem with Tokyu Community, co-created 
solutions to the problems, as well as required functions. 

As a result of the co-creation, we formed a hypothesis that the problems can be solved by
utilizing the following two functions (Figure 3). 

(1) Predicting the number of future inquiries and utilizing this information to determine operator
work schedules, leading to the optimal allocation of human resources 

(2) Categorizing inquiry details through text mining to ascertain customer needs and optimize
FAQ contents 
Based on this hypothesis, the new system was implemented. 
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Figure 3  Results of solution co-creation 
 

|3. Results 
3.1 Predicting the number of inquiries and optimally allocating human resources 

To solve the problem described in Paragraph 1 (1), we developed a system which predicted 
the number of future inquiries and the response rate. The number of past inquiries is entered into
the system as learning data, and a machine learning model which has learned the data allows us to
predict the number of future inquiries. 

As a result of verification, it is clear that the number of inquiries can be predicted with an
accuracy of about 70% at the time of the completion of the system. However, the number of
inquiries tends to change over the long term, and to maintain and improve accuracy, it is necessary 
to upgrade the machine learning model on a regular basis. Therefore, in this system, the embedded
machine learning model learns the number of past inquiries according to the nature thereof, which
leads to maintaining and improving the prediction accuracy. 

The prediction results of the number of inquiries provided by this system are used for
operator allocation. Traditionally, personnel distribution was determined based on the tacit
knowledge and empirical rules at the worksite. However, this system facilitates it based on
quantitative standards, which also allows us to suppress the decline in customer satisfaction due to
a decrease in the response rate (Figure 4  1 ). 

 

Figure 4  Results and outcomes 
 

3.2 Understanding customer needs through text mining 
To solve the problem introduced in Paragraph 1 (2), we developed a system that classified

and visualized the inquiry details by category. The text information of the inquiries is entered into 
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the system utilizing text mining, which is subsequently classified into multiple categories according
to the nature of the text information. The classified text is visualized by time of day in terms of the
handling situation and number of cases in progress, which leads to the understanding of inquiry
trends in individual time periods. 

Based on the classification results of the text information obtained from the inquiries made,
the system allows us to understand customer needs in a quantitative manner (Figure 4  2 ). By 
reflecting such needs in the FAQ contents for customers on the company’s website, we can
encourage customers to tackle problems, which are the causes of their inquiries, and solve them on
their own, leading to a reduced number of inquiries (Figure 4  3 ). 

|4. Conclusion 
This report has introduced a series of efforts in the development of a system which predicts

the number of inquiries and helps us understand the inquiry trends by utilizing ENERGY
CLOUDTM for the purpose of streamlining the operation of a customer center. 

Tokyu Community Corporation won the 2017 CRM Best Practice Award (CRM Association
Japan), which is awarded to business entities engaged in activities contributing to customer
satisfaction and business management, and MHI plays a role in these activities. (1) 

Finally, although this technology is based on what has been applied to large energy
consumers including manufacturing businesses, it has become clear that it is applicable to service
industries and management areas as in this case. In the future, we will utilize the MHI Group's
extensive product/service knowledge to support diverse customer value creation activities using
data and contribute to the formation of a society with further prosperity. 

 
ENERGY CLOUDTM and all related marks and logos are registered trademarks of Mitsubishi Heavy Industries,
Ltd. in Japan and other countries. 
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(1) CRM Association Japan 2017 CRM Best Practice White paper (2018)  p.128～137 
 

 



<<
  /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


