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Missing observation imputation in univariate time series

 To impute missing observations in univariate time series, statisticians mainly use
Interpolation, Moving Average, LOCF (Last Observation Carried Forward), Seasonal 

Decomposition, Kalman Smoothing and etc.

Imputation

 How precise are the results? Is this the best method?

missing observations imputed observations

→ Let’s build an Artificial Intelligence model and let’s compete with traditional models
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Missing rate aggregate ar.irmi locf approx interp StructTS HMLI
0.1 0.2221 0.1301 0.1218 0.0998 0.0901 0.0781 0.0658
0.4 0.2247 0.1107 0.1552 0.1020 0.1384 0.0880 0.0924
0.7 0.2280 0.1130 0.1749 0.1175 0.1432 0.0961 0.1001

(Missing rate)

Average RMSE* between actual and imputed observations 
(3,070 macroeconomic time series)

* RMSE: Root-Mean-Square Error

* Comparison of different Methods for Univariate Time Series Imputation in R, Steffen Mortiz, Oct 2015
- aggregate: replacing NA with the overall mean
- structTS:  filling NA through seasonal Kalman filter
- locf(Last observation carried Forward): replacing NA with most recent non-NA value
- approx: replacing NA with linear interpolation
- irmi(Iterative Robust Model-Based Imputation): filling NA through autoregressive imputation
- interp: linear interpolation for non-seasonal series. If seasonal series, a robust STL decomposition proceeded



fitting
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HMLI (Heuristic & Machine Learning Imputation) structure

 HMLI is a nonlinear regression model

 Heuristic method selects dependent variables without manual intervention

 Machine Learning method estimates parameters in the model

variables

V1 V2 V3 V4

V5 V6 V7 V8

V9 V10 V11 V12

V13 ············ 

Variable
set1

Variable
set2

Variable
set#

ANN

SVM

Artificial Neural 
Network

Support Vector 
Machine

FIN
A

L SET

selection
Macroeconomic

time series
Machine learning Heuristic search

Repeat this process until it meets pre-defined condition

Forecasting 
economic
time series

Imputing 
missing 
observation

Benchmarking 
economic
time series
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HMLI process – Idea from Mendelian Genetics

Adaptation in Natural and Artificial Systems, Holland, 1975
Natural Computing Algorithm, Barbazon et al., 2015

Time series

Dependent variable set

Evolutionary

process 
1st generation

2nd generation



6

Mean square error (MSE) by iteration

M
SE

Iteration

M:AGNA:CA:04(96 observations: 2010.01 – 2017.12)

1st MSE without iteration

M
SE

3,070 time series, 3 missing rates, 3 random seeds

# missing observation: 12

iteration 0 10 20 30 40 50 60 70 80 90 100

MSE 0.0169 0.0134 0.0113 0.0106 0.0102 0.0099 0.0097 0.0096 0.0095 0.0094 0.0093

Average MSE for 27,630 experiments

Iteration



Pre-processing: create gaps in a complete time series
(Number of gaps are decided by the exponential distribution and λ is missing rate)

Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17
0.011885 0.017447 0.019291 0.011446 0.004332 0 0.007348 0.007055 0.011885 0.004332 0.007055 0.017447

Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17
NA NA 0.019291 0.011446 NA 0 0.007348 NA 0.011885 0.004332 0.007055 0.017447

Mar-17 Apr-17 Jun-17 Jul-17 Sep-17 Oct-17 Nov-17 Dec-17
0.019291 0.011446 0 0.007348 0.011885 0.004332 0.007055 0.017447

STEP1: remove gaps from the time series

V1 V5 V33 V114 V555 V1116Set #1 V100 V455 V1333 V3114 V3555 V4116Set #2

V1 V5 V33 V114 V555 V1116······ Set #10

STEP2: (sampling) pick 6 time series from 3,070 for 
dependent variables and repeat this process 10 times

STEP4: calculate RMSE* between the actual and predict observations
STEP5: remove 5 lower ranked sets
STEP6: generate 2 new sets through top 5 sets
STEP7: redo STEP2, but repeat 3 times to generate 3 sets
STEP8: iterate 100 times from STEP3 to STEP7

RMSE ranking

SET #1 0.004 1

SET #2 0.019 10

⁞

SET #10 0.010 5

HMLI process
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Missing rate aggregate ar.irmi locf approx interp StructTS HMLI
0.1 0.2221 0.1301 0.1218 0.0998 0.0901 0.0781 0.0658
0.4 0.2247 0.1107 0.1552 0.1020 0.1384 0.0880 0.0924
0.7 0.2280 0.1130 0.1749 0.1175 0.1432 0.0961 0.1001

(Missing rate)

Average RMSE* between actual and imputed observations 
(3,070 macroeconomic time series)

* Comparison of different Methods for Univariate Time Series Imputation in R, Steffen Mortiz, Oct 2015
- aggregate: replacing NA with the overall mean
- structTS:  filling NA through seasonal Kalman filter
- locf(Last observation carried Forward): replacing NA with most recent non-NA value
- approx: replacing NA with linear interpolation
- irmi(Iterative Robust Model-Based Imputation): filling NA through autoregressive imputation
- interp: linear interpolation for non-seasonal series. If seasonal series, a robust STL decomposition proceeded
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Findings

 HMLI is one of the best solutions to impute missing observation from macroeconomic time series

 Heuristic & machine learning combination is effective in a complex space

Follow-up tasks
 Parameter calibration – number of dependent series, iteration, cutoff rate and etc.
 Test various time series data sets: different frequencies and pattern (trend, seasonality)
 Apply other machine learning functions like CNN(Convolutional Neural Networks)

Additional info
 HMLI is a Python script program and it is free. Please find the script on 

https://github.com/byeungchun/HeuristicImputation
 Also, experimental results are shared on this site



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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 <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


