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Abstract
During 2007 we conducted an empirical evaluatiorthaf accuracy of artificial Neural Networks (NN)

and other methods of Computational Intelligence) (@l time series prediction through a dedicated
forecasting competition: the NN3 (www.neural-forgaag-competition.com). The competition aimed to
resolve two research questions: (a) what is theenir performance of ClI methods in comparison to
established statistical forecasting methods, andafbat are the current “best practices” regardinbet
methodologies to model ClI such as NN for time sdaeecasting. The NN3 competition evaluated the ex
ante accuracy of multiple step ahead predictionsose multiple error metrics. The data sample
contained two homogeneous sets of 111 or 11 tinessef varying length (short and long) and diffetre
time series patterns (seasonal and non-seasonkdntdrom the original M3-competition, in order to
analyse the conditions under which a particular moet would perform well and to compare the accuracy
to the contenders in the earlier competition. TINSNMompetition attracted 60 submissions of Cl natho
as well as novel statistical contenders, one ofldingest forecasting competitions conducted to date
final results suggest that for monthly time seonéglifferent length and seasonality a variety dfegent

Cl methods are capable of forecasting automaticafiing a consistent methodology and show a robust

and comparative performance, but that statisticatimods still outperform the majority of Cl- methods

* Corresponding Report Author: Emaistas.nikolopoulos@mbs.ac.Tikl +44 07981 332913
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International Journal of Forecasting will be cokared by all three authors
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1. Introduction

Despite over 15 years of research and more thad @@Blications on artificial Neural Networks (NNrf
forecasting across various disciplines (Crone amdff@lle, 2004). Despite optimistic publications
indicating the competitive or even superior perfance of NN on single time series (Adya and Collopy,
1998, Zhang et al., 1998) or on a small subseint# series (Hill et al., 1996), NN have not yet hee
established as a valid and reliable forecastindhatein empirical forecasting competitions. The hessof

the M3 competition (Makridakis and Hibon 2000) hamdicated comparatively poor performance and
the computational challenges in forecasting a lamgmber of empirical time series with NN: following
an initial interest by various NN research groupgarticipate in M3, only one competitor (Balkindan
Ord, 2000) successfully submitted NN results to ¢benpetition. However, their modelling approach
showed only disappointing performance, leadingnferior results in comparison to the majority oé th
twenty statistical approaches that provided forescé$able 15, Makridakis and Hibon, 2000). As a
consequence, the performance of NN on batch fatiegasf monthly data fell far short of their presedh
potential.

Round table discussions with experts across diseiplat various international conferences,
including the European Symposium on Artificial NaluNetworks (ESANN 2004), the International
Conference on Artificial Intelligence (IC-Al 2005)he International Joint Conference on Neural
Networks (IJCNN 2005) and the International Symposbn Forecasting (ISF 2004), indicated that this
may in part be contributed to the heuristic anddlr ad-hoc modelling process to determine theelarg
degrees of freedom, questioning the validity, belity and robustness of application of NN for aga set
of time series. NN modelling seems to consist nafran ad-hoc ‘art’ of hand tuning individual models
than a scientific approach following a valid metblmd)y and modelling process. Consequently, the
necessity of manual expert interventions has piubarge scale automation of NN modelling andrthe
evaluation in forecasting competitions of valid arediable scope. To reflect this, past forecasting
competitions conducted within the NN domain, ehg. $anta Fe competition (Weigend, 1994), EUNITE

competition (Suykens and Vandewalle, 1998) or IJAMNCATS-competition, have focussed on the
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evaluation on a single time series and from sitighe origin, ignoring evidence within the forecasti
field on how to increase validity and reliability @évaluating forecasting methods (Fildes et alB8)9

More recently, publications using empirical evaiolas have documented a competitive
performance of NN on a larger number of time se(iégsmo and Fildes, 2005, Zhang and Qi, 2005, Crone,
2005), indicating the successful use of increasedputational power to model NN on a scale suitédnle
automatic forecasting. Therefore, a forecastingptition using a representative number of timeeseri
within a set time frame seems feasible. In addjtdespite research by Remus and O'Connor (20@2) lit
knowledge is disseminated on sound “principles”atsure valid and reliable modelling of NN for
forecasting, particularly considering the ever @aging number of NN paradigms, architectures and
extensions to existing models. Different researchugs and application domains favour certain
modelling paradigms, preferring specific data poepssing techniques (e.g. deseasonalising, outlier
correction or not etc.), data sampling, data ptmac(e.g. scaling and coding of variables), aettiire
specification (e.g. selection of the activationdtions, rules to guide the number of hidden nodes)the
training algorithms to parameterise the methodsvéder, the motivation for these decisions — derived
from objective modelling recommendations, intedoes$t practices or a subjective, heuristic andtitera
modelling process - is rarely documented in pukitice. In addition, original research often focueas
the publication of improvements to existing knovgedor practice, instead of the consolidation of
accepted heuristic methodologies.

Therefore we seek to encourage the disseminatiompfcit knowledge on NN for forecasting
through evidence of current “best practices” methogies on a representative set of time series.
Consequently, we have conducted a forecasting ciitiopeto evaluate a set of consistent NN
methodologies across a set of empirical time seNE#e sought to resolve two essential research
guestions, by inviting current experts in the NNagemic community to participate in a forecasting
competition: (a) what is the performance of NN amparison to established forecasting methods, land (
what are the current “best practice” methodologitiésed by researchers to model NN for time series

forecasting?
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The rest of the paper is structured as followstisectwo discusses the findings of major
forecasting competitions, section three the ratibmaanother competition; the following three sens
describe the setup and the results of the empieicaluation and provide a brief discussion of thesim

important results. The paper ends with conclus@rsan outlook for future activity.

2. The Importance of forecasting competitions andnevious findings
Forecasting competitions have received substaatiahtion and initiated stimulating discussionshit
the academic forecasting community. They have sstalty been established to provide evidence on the
empirical accuracy of competing forecasting methéeteding to prominent publications and new ardas o
academic discussion (Fildes and Makridakis 1995tiiEid 2000, Ord et al. 2000, Ord et al. 2001).
Despite various concerns regarding the design ofpetitions over time, forecasting competitions are
commonly accepted as one of the few approachemnfobjective evaluation of the empirical accuraty o
sophisticated or even theoretically superior fosting methods. To provide evidence of a methods’
empirical performance, the authors can utilisetaagsbenchmark datasets from previous competittons
determine the accuracy under specified conditialiewing a valid and reliable comparison to exigtin
evidence. This in turn can show the improvemena ahethod or method family over time, and hence
warrant replication of earlier competitions.

One of the most prominent forecasting competitichs, M3-Competition (Makridakis et. al.
2000), compared the accuracy of 26 different apgres on 3,003 univariate time series of historic
demand data, the largest dataset ever used in petibiom. The time series were selected from variou
domains of microeconomic, macroeconomic, industfiahncial and demographic activity, and included
different time intervals between successive obsemva (yearly, quarterly and monthly) in order tver
a wide variety of time series structures. The fasting methods were implemented by forecasting
experts from academic institutions (Wharton Sch@alse Western Reserve, INSEAD, Imperial College)
as well as from commercial software companies udimgr forecasting packages (Forecast Pro,

SmartForecasts, ForecastX, Autocast and Autobox).
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Results from the M-3 forecasting competition haw®erb reported by Makridakis and Hibon
(Makridakis et. al. 2000) and been analysed, rafgit and discussed in detail. Across all time setvweo
methods on average outperformed all other meththas:software expert system Forecast Pro using
automatic model selection and parameterisationxpbiential Smoothing and ARIMA models, and the
Theta model (Assimakopoulos et. al. 2000), a newauiate forecasting method. Further statistical
analysis has revealed statistically significantbttér results for a group of four methods, alsduitiog
Rule Base Forecasting and an equal weighted comntninaf Exponential smoothing methods (Konigig
al. 2005). These conclusions drawn from the M3-Contipeticonfirmed results of earlier studies
(Makridakis et. al. 1993, Makridakis et. al. 198&4)d are summarized below as hypotheses for future
evaluations:

H.: Statistically sophisticated or complex methodsndd necessarily provide more accurate forecasts
than simpler ones.

Hy: The relative ranking of the performance of theioss methods varies according to the accuracy
measure being used.

H.: The accuracy when various methods are being awedboutperforms, on average, the individual
methods being combined and does very well in coispaito other methods.

Hgq: The accuracy of the various methods depends tholength of the forecasting horizon involved.

3. The Rational for another forecasting competition

In the prominent M3-competition no computationaltyensive method was among the top performers,
including methods using NN or other Cl-approachesddition, only a single contestant had used NN,
which has been attributed to the high computationats in building and parameterising these methods
The underperformance of Cl-methods in an objeatv@apetition stands in contrast to the presumed high
accuracy frequently documented in academic puliicst Although this in part confirms earlier findm

that more sophisticated methods such as ARIMA-ModelKalman Filters do not necessarily lead to an
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increase in forecasting accuracy, the discreparsy dince raised concerns regarding the validity of
earlier results and the empirical performance efréthods in general, questioning their use in Iif=al

On the other hand, it may be argued, that the pmoformance of Cl-methods in the M3
competition is not representative of the past amdeat performance of the whole class of Cl-methods
because: (a) only one Cl-competitor in the formaomultilayer perceptron took part in M3, thus the
results are not representative even for the clabB\g (b) the sample of 3,003 heterogeneous tinese
was too large and hence prevented the participatiaonany computationally intensive methods, as the
heterogeneity required a flexible methodology farltiple time series structures, while the amount of
time series required an automation of these metbhgas without any expert user intervention, and (c
no contestant from the Cl-, Al-, Informatics or Eregering community with enhanced knowledge of the
methods took part in the competition.

The discrepancy between the theoretical and emapifp@rformance and the advanced in
modelling NN have provided the rationale to revfibgress in the development of NN in time series
prediction through a renewed competition, dedicai@dNN and Cl-methods. In particular, recent
developments in computational power could helpvercome the limitations in NN-modelling present in
1998 and facilitate automatic forecasting of a dangimber of time series. Also, substantial thecaéti
progress seems to have been made in forecastiglig sime series with NN in the past 10 years (laad
Fildes, 2005, Zhang and Qi, 2005, Crone, 2005), inndeveloping methodologies for their automated
application, that have not yet been evaluated inlgective empirical evaluation. In order to evaduany
potential progress in the development of Cl-methais NN in particular a renewed competition using

the original setup and a homogeneous subset afafzeseems most suitable.
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4. The NN3 competition: experimental setup

Following the rationale provided, we sought to exelthe current forecasting performance of NN and
Cl-methods using the data and experimental setam fthe latest and most renowned forecasting
competition. As a consequence we proposed the NiX®etition, created from a subset of 111 empirical
time series taken from the M3-dataset of monthigustrial data. We are very grateful to the SAS
corporation and the International Institution ofréeasters to have provided us with the opportutaity

conduct a two year project aiming to re-evaluate glerformance of contemporary Cl-methods for

automatic forecasting of many empirical time series

The choice of using only a subset of the M3-databheas motivated by the trade-off between
limiting the number of time series to limit the comtational intensity of the competition in order to
attract as many contestants as possible, and &g foe a sufficient number of time series in ortter
derive valid and reliable results from a singlegorievaluation for each of the classes of timeeseri
patterns, that can be generalised across the @itinder which the methods are evaluated. While
ideally a new competition should adhere to existlmgst-practices on how to conduct empirical
evaluations, evaluating the accuracy across aseptative and homogeneous subset of time series and
also across multiple time origins, this would regqusubstantial resources in conducting the coniqietit
Also, using an identical experimental setup asotignal M3-competition will allow a direct compaan
to evaluate the improvements in NN-forecasting wfitbse of the past, and also a direct comparison to
established statistical methods on a well analgseaset.

To balance computational requirements and religbidf the results we have prepared two
disguised data-subsets of 111 time series (congagsset, denoted by ‘C’) and 11 time series (redluce
dataset, denoted by ‘R’) of the monthly M3-competit data. Assuming that a fully automatic
methodology exists to predict the time series Wit all contenders should be able to equally ptetiie

reduced and the complete dataset. More submissioitise reduced dataset would indicate the need for
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manual tuning, limitations of automating the rel@vanethodologies or extremely computational
intensive approaches. In comparison to previouschifdpetitions using a single time series and a singl
time origin this would allow results of increasedlidity and reliability. The complete dataset camsaa
balanced sample of both long time series (more fltdhobservations per series) and short time series
(less than 50 observations per series), as walhasen split of seasonal and non-seasonal timessér

total the complete dataset is comprised of 10Gsgemcluding 25 short-seasonal, 25 long-seas@sal,
short—non-seasonal, and 25 long non-seasonal enesPlus the 11 time series of the reduced datase
The reduced dataset contained 11 time seriesyhioch were seasonal and the remaining 7 non-sesona

of which three were characterised as “difficultacecast” (including outliers, structural breaks).

All previous contenders of the M3-competition, umtihg the NN submission of Automat ANN
(Balkin and Ord 2000), may serve as a benchmarksvatuate progress in model development. The
competition was open to all varieties of NN arottiees, as well as other computational intelligence
methods, such as Support Vector Regression (SMRgyH_ogic, Evolutionary and genetic computation,

and alternative non-linear methods and hybrid naghdilising any kind of Cl-approach.

Our findings should either confirm established dosions from the M3-competition ;Ho Hy,
and hence prove the validity of the previous coiitipes, or indicate progress in modelling NN fané
series prediction and hence provide support for empirical evidence and stimulate further resedrch.
particular, we seek to explore hypothesis iH that (a) more sophisticated methods such asdblMot
show a higher forecasting accuracy, and (b) moraptex Cl-methods and methodologies should not
necessarily provide more accurate forecasts thapler ones such as the simple multilayer perceptron
trained with backpropagation (e.g. of Balkin andiOin order to test the validity of hypothesis, ldnd
to ensure consistency with the results of the Mi3yoetition, we have utilized all error measures uged
the M3 competition including Symmetric MAPE (SMARBJedian RAE, MASE, Average Rankings as

well as non-parametric errors and multiple compariwith the mean (ANOM) (Makridakis and Hibon



IIF/ISAS Grant 2005/6 Research Report — April 2008

2000, Koning et. Al. 2002, Hyndman and Koehler 20@ all the metrics the average SMAPE across
all forecasted values per time series and acrdsklabr 111 time series was used as the criteron t
determine the “winner” of the NN3 competition amahg pure Cl competitors.

All statistical and Cl-contenders were given counsige |IDs starting with ‘C’ for Cl-methods
eligible to “win” the competition and ‘B’ for estashed or novel statistical benchmarks not eligitae
win. All contestants were informed of their relativank prior to disclosing the names of the authiors
order to limit negative publicity of the outcomesdaencourage established academic and corporate
contenders to participate. In the case of non-ossck of the name, the submission was identifiedsby
ID and the description of the method was anonymised

Special sessions were held at various conferenbesughout 2007, including the 2007
International Symposium on Forecasting (ISF'07)New York, USA, the 2007 IEEE International Joint
Conference on Neural Networks (IJCNN'07) in Orland&A, the 2007 International Conference in Data
Mining (DMIN'0O7) in Las Vegas, USA, and the 2007HE South American Summer School in
Computational Intelligence (EVIC'07). Multiple séwmss were conducted to limit biases in the

participation through timing and location of thenterences.

5. Methods and Models

The NN3 competition attracted 46 contenders usiNgoNCl-methods to predict the reduced or complete
dataset. Due to the structure of the datasetdGationtenders provided predictions for the 11 tieges
of the reduced set, and 22 contenders providedagpiets for the 111 time series of the complete set

To provide a comparison against benchmarks of théo@ain we computed the results of the
only original NN-participant to the M3 competitidsy Balkin and Ord (Automat ANN, henceforth
abbreviated as B0) on both datasets, retrievind 1ieforecasts from the original M3 submission tigio

Michele Hibon. In addition, we computed variousnsiard Cl-benchmark methods to provide additional

! Unfortunatelya possible bias may have arisen from the concéntraf sessions in the Americas and

the strict visa regulations.



IIF/ISAS Grant 2005/6 Research Report — April 2008

levels of comparison of the entries, including avWdaSupport Vector Regression approach (B1) and a
Naive Mulitlayer Perceptron (B2), both developed3wen Crone and Nikolaos Kourentzes and Swantje
Pietsch, and a NN-extension of the successful Tkiettnod named Theata-Al (B8).

Five statistical Benchmarks were computed, sucth@d\Naive 1 method (B4) computed by the
organisers. Furthermore, we approached various resxp@ forecasting methods and software
manufacturers to attract the latest versions dfssitaal benchmark methods that had performed imell
the original M3-competition.We are grateful to hanexeived submissions from Eric Stellwagen of
Business Forecasting Systems, BFS, applying tlestlaersion of the forecasting expert system Fateca
Pro XE (B3, software version 5.0.2.6, submittedeJ@007), one of the most established forecasting
software packages to date and a strong benchmark earlier version of this software outperforméd a
other methods (together with Theta) on the monkhBsdataset. Also, we are grateful to Dave Reilly of
Autobox (B5), an expert software system for ARIMAdelling that had also participated in the M3
competition and provided predictions using thetesa version (software version 6.0, submitted June
2007). Furthermore, Tucker McElroy submitted benatesults prepared with the Census X12 method
for the reduced dataset (B6), and Nikolopoulos Bodgioukos provided predictions for the Theta model

(B7) using an identical setup as in the M3 comjmetit

In addition, we opened to competition to novelistaial benchmarks that had not participated in the
original M3-competition in order to allow a comgm not only with the leading statistical contesdsfr
1998 but also of contemporary approaches and ingpnewnts. Five contenders were classified as
statistical benchmark approaches, with neither NI any other CI- or hybridised components

contributing to the method. Due to the actual foonsNN and Cl-methods these benchmarks were

2

This novel hybrid Al approach was developed by Kansnos Nikolopoulos called Theta Al (B8)
that is based upon the original Theta model (Asipakilos and Nikolopoulos, 2000), which showed
superior performance in the M3-competition. For fah&l an NN is used to determine the optimal
weights for the Theta-lines following a learningeghexpert design. This approach has been
withdrawn as an official contender from the fineults of the competition as reported by Michele
Hibon and was ranked as a benchmark, as it wate(@loped from one of the competition co-
organisers, and (b) based on the Theta model theknown a-priori to perform extremely well on
the selected data-subset of the monthly M3-timeselt will be proposed in a separate paper.
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exempt from ‘winning’ the competition (full desctipns of all methods are available on the compmetiti
website, to allow replication of the methodologiesl predictions).

Most notably, Marc Wildi proposed a novel methoihgsan adaptive robust multi-step-ahead
out-of-sample combination approach (B9), which skdwxceptional performance on both datasets. The
approach was motivated by the perception thatttosdil forecasting approaches are subject to severe
model misspecifications due to non-stationarity aod-Gaussian time series. In order to overcomsethe
difficulties, Wildi proposed a prototypical desiderived from a traditional adaptive state-spaceaaah
to track non-stationarities, and to account for-@aussian time series, true out-of-sample perfooman
multiple-step-ahead performance and potential reigfipations.

In addition, Beadle proposed a novel statisticaichenark for forecasting using @mposite
forecasting strategy of seasonal schemata (B1Q) Itaan a seasonal schema made up of different
forecasting methods and use this schema to creetenlined forecast. This technique does not use a
simple weighted combination (see e.g. Bates & Geeng 1969) but a novel technique to combine
different forecasting methods. Lewicke proposedetcd equation based models (B11), combining a
variety of linear and non-linear trend-lines plusesies of sinusoidal error terms using conventiteest
squares regression, which has recently been desa:limp the ParaCaster forecasting software. Haaarik
submitted forecasts using a novel algorithm CRANS®BQ@mbination of RANdom SEQuences, B12)
which decomposes the target time series into afseandom sequences and then combines multiple
random sequences using a “temperature dependemdicer. Each random sequence is regarded as a
prediction model, which is combined using optima&ights based upon the previous performance of each
forecasting sequence, similar to an adaptive cagiproach. Njimi and Mélard suggest a novel expert
system TSE-AX (B13) based upon a configurable dxpgstem for automatic ARIMA-modelling,
implementing several algorithms of intervention lgsia and feedback to the users in multiple phases,

order to make the system applicable in a wide tsaoédomains and data sets.
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6. Empirical Results

In total we have received predictions for 14 beratkmmethods (4 Cl-benchmarks, 5 statistical
benchmarks and 5 new statistical methods) and 4®@tenders. We are therefore fortunate to evaluate
pool of 60 candidate methods for the 11 series3&nfbr the 111 respectively, resulting in evidefroen
one of the largest forecasting competitions corethdior NN, Cl and in general. The amount of
submissions covers the complete range of establistagistical methods, conventional Cl-methods of
feed-forward and recurrent NN, Fuzzy Logic, Gendtigorithms and Evolutionary Computation and
hybrid systems. Therefore we are confident thabimpetition provides a more comprehensive overview
of the performance of Cl-methods in predicting nigntime series. The results may contain some bias
due to the heterogeneous background of the auttimesmajority of submissions came from research
students, while more advanced and usually pateNtedCl- or Al-software companies (e.g. Siemens
SENN, Alyuda Neurolntelligence, NeuroDimensionsi &AS Enterprise Miner) have not responded to
the competition despite personal invitations.

Intermediate results of the competition have alyda®en presented at two major conferences: to
the forecasting community at the 2007 ISF in NewrkYdJSA, and to the Neural Network and
Engineering community at the 2007 IEEE IJCNN ina@do, USA. The official results in terms of

SMAPE-accuracy and rankings have been publishedhenNN3 website yww.neural-forecasting-

competition.con results for the complete dataset of 111 timéesesire provided in table 1, results for

the reduced dataset in table 2.
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Table 1.NN3 results on SMAPE for the complete dataset df ddries
(Source: http://www.neural-forecasting-competitamm/NN3/results.htm)
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Table 2.NN3 results on SMAPE for the reduced dataset cfekies
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On the complete dataset the team of lllies, J&gesuchinas, Rincon, Sakenas and Vaskevcius
(C27) provided the best results ranked by SMAPBsxcall time series and forecasting horizons. The
authors implemented a number of standard textboadigtion methods (exponential smoothing,
dampened exponential smoothing) as a baseline, a@ughese with likewise standard methods from
computational intelligence (incl. feed-forward NNspport vector regression, local methods, wavelet-
decomposition based predictors) and found no caimgnadvantages or disadvantages. They finally
opted for a set of Echo State Neural Networks,\&hparadigm of randomly connected recurrent neural
networks, which they bundled in large voting enskesbtrained on blocks of time series. They
successfully outperformed ForecastPro and Autobsxwell as the majority of established and novel
statistical benchmark methods, but not the highlgcessful Theta-method of the original M3-
competition.

On the reduced dataset, the predictions by Yan GHhdw the lowest SMAPE across all Cl-
methods, closely followed by the winner on the clatgset C27. Yan utilised conventional feed-fomvar
multilayer perceptrons to achieve multiple level dab fusion, using an ensemble of generalized
regression neural networks for time-series foréngsind direct prediction of each forecasting hamiz
His approach represents a fully automated methggosmd modelling process that is applicable to a
large number of time series, resulting & place on the complete dataset.

A thorough discussion and analysis of the methauk raethodologies of all contenders is not
feasible within the scope of this document, in ipafar due to the substantial heterogeneity of the
methods and methodologies applied. All approachesdacumented and published on the competition

website (www.neural-forecasting-comeptition.cyrfor further enquires. Therefore we have limitad o

discussion to those Cl-contenders that have prdvide best performance on the complete and on the
reduced dataset. A particular note should be diwehe new statistical method developed by Markdwil

(B9) that has managed to outperform in terms of $HAboth the Theta model and Forecast Pro, the
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respective “winners” of the Monthly-M3 data subsetglicating potential for further improvement of

statistical methods, although the returns may benishing for monthly data.

Results from tables 1 and 2 indicate that NN andoAICI-approaches can perform competitively
with established statistical benchmark methods aoffware packages in batch forecasting tasks.
Especially the contenders C27 and C44 outperformady established statistical and Cl-benchmarks
across seasonal and non-seasonal, long and gherséries. The majority of Cl-approaches outperform
the Naive benchmark, but also established stalstipproaches such as X12. However, the majority of
Cl-methods still cannot outperform the leading ekpeftware systems ForecastPro and Autobox, which
confirms their role as benchmarks and their widgliegtion in practice. Detailed results on the
conditions under which a particular method perforwall regarding SMAPE and alternative error
measures are contained in the tables in the apgEndi this report. We will restrict the discussion
summarise the most important findings. The resates consistent across multiple error metrics of
Average SMAPE, MASE (Table 13), Median RAE (Tabl8) land Average Ranking (Table 19):
contenders B09 and C17 were performing robustly regsibthe top methods (with the exception of
MASE in Table 13 where B0O7 equally performed with9 This was confirmed by the non-parametric
statistics: ANOM (multiple comparisons to the me&@P was the only significantly better benchmark
than any of the other approaches (and C17 the amgng the competitors), while MCB shown no
significant results

In considering the conditions of different timeissrformats, the competition revealed that for
the most difficult time series (25 short and noassmal series), some of the best Cl-contendergalctu
outperform all other approaches including the stiail benchmarks, thus proving evidence of the
potential benefit in using Cl-approaches in situadi of high uncertainty, also providing evidencat th

time series do not need to be long to consider arNidlrecasting (see Tables 5-12).
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The NN3 competition results will be analysed argtdssed in detail, and will be submitted for
publication as a research article to the Intermafidournal of Forecasting in 2008. The result$ aldo

be presented in ISF2008 in Nice with support frbim tIF/SAS grant.

7. Conclusions and Future Research

The NN3 competition evaluated the ex ante accuoddgrecasting 18 steps ahead on two representative
and homogeneous sets of 111 or 11 time seriesrgingalength and time series patterns, using migltip
established error metrics; conditions examineduhelthe presence of seasonality, the length cdehes
under examination, and the forecasting horizon. fiird results from 60 different forecasting method
suggest that methods of NN and Cl can perform ctithmdy to established statistical benchmark
methods in batch-time-series forecasting tasks,canhot outperform them significantly. A variety of
different Cl-approaches have been successful imligieg both datasets, showing an increase in
performance to the sole contestant entering theniment M3-competition some 10 years ago.

We consider this to be encouraging evidence forpibtential of NN and Cl-methods in time
series prediction even for an established domath Wmited data and patterns such as monthly time
series prediction. However, despite the large ttterthe competition has raised and the substantial
number of submissions from experts in their respedtelds, the majority of Cl-methods still show a
inferior empirical performance in comparison to espsoftware systems such as Autobox and
ForecastPro that contain much simpler and fastescésting engines. The discrepancy between the
theoretical capabilities of Cl-methods, their siumeperformance in academic papers and their lackin
empirical evidence still raises concern with regawdthe applicability of many of the approaches.
However, individual academic contenders have detratesl a preeminent performance. More research
should be directed to towards the development aatuation of Cl-methods in forecasting. For future
competitions, it will prove important to engage tla@ge corporations with patented Al forecasting

software to participate, assuming that their apginea may provide further increases in accuracy.
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However, the NN3 competition has proven a stimntpgxercise that has attracted, engaged and
unified researchers from both forecasting, inforosatmachine learning, data mining and engineering
domains, and has shown the value of large scaldriealpcompetitions to various disciplines previbyus
unaware of the standards on empirical evaluatiosthermore, the NN3 competition has provided a
means for an externalisation and dissemination est-practices and Cl-methods beyond previous
competitions. Its promising results motivate usomsider future competitions with a valid and reliéa

competition design to further existing knowledgeradelling neural networks for time series predicti
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APPENDICES

Appendix A. Expenses

The expenses exceeded the allocated budget of $6006he excess was (and is going to be) covered
from the home institutions (Lancaster Universityridgement School and Manchester Business School)
of the two researchers respectively

These expenses include(d):

Participation and presentation of preliminary res@ilom Dr S Crone to ISF 2007 and IJCNN

2007

Participation and presentation of final results disgussion from Dr K Nikolopoulos to ISF 2008
Creation of a research network with Dr. M. Hibor @ubmission of the final research to IJF
Running of a workshop in U.K. in Autumn 2008

Maintaining a website for 24 months (www.neuralefmasting-competition.com )

Appendix B. ADDITIONAL TABLES & FIGURES
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Table 3. AVERAGE SYMMETRIC MAPE 11 series

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series
BOO 154 195 190 210 128 166 20.6 200 215 228 266 343 330 254 276 253 254 260 22.93 11
BO1 205 184 201 200 75 116 89 132 164 106 151 229 228 139 172 106 133 17.7 15.60 11
B02 156 151 148 229 190 159 128 111 173 180 179 411 290 127 159 170 188 215 18.69 11
BO3 82 114 118 135 121 147 131 93 156 91 151 270 214 96 133 112 105 164 13.52 11
B0O4 20.1 352 36.7 37.0 226 178 19.2 201 16.3 10.2 196 29.7 30.0 325 353 308 268 227 25.71 11
B0O5 136 124 123 174 105 103 58 11.7 144 95 177 288 247 85 97 101 99 153 13.49 11
B0O6 145 182 172 217 183 175 170 148 228 128 219 379 29.7 220 243 221 250 290 21.48 11
BO7 16.1 103 83 108 130 154 139 105 126 98 133 227 236 125 152 122 102 16.3 13.70 11
B09 13.2 137 148 159 100 147 114 123 183 119 189 288 257 135 148 112 95 170 15.32 11
B10 121 101 90 113 159 227 169 233 204 173 125 264 26.2 121 164 20.0 133 226 17.14 11
B11 138 10.3 143 203 152 235 177 186 20.1 246 245 348 330 210 169 156 99 170 19.51 11
B12 151 277 255 36.6 27.0 319 194 198 30.2 384 420 431 398 234 21.7 194 250 291 28.62 11
B13 11.7 13.8 158 185 134 169 152 171 159 132 209 304 289 125 156 127 153 216 17.19 11
Co03 10.8 109 126 191 138 153 134 113 152 114 168 285 222 119 149 97 125 197 15.00 11
Cco8 109 112 9.2 121 158 199 155 13.0 169 108 142 235 256 10.8 158 139 132 244 15.35 11
Co09 212 111 96 214 9.0 205 18.7 148 194 161 260 299 275 154 193 139 120 16.3 17.90 11
C10 140 299 235 254 194 135 247 200 16.1 142 145 286 293 142 16.6 19.3 29.2 199 20.69 11
Cc11 232 112 262 173 305 82 138 204 219 184 26.1 344 359 109 134 203 80 16.0 19.77 11
C13 146 168 188 274 197 228 271 183 17.8 133 122 264 335 138 200 18.1 241 234 20.45 11
Cl4 220 300 278 309 30.0 349 389 318 317 39.1 345 472 403 252 333 311 355 37.2 33.42 11
C15 109 140 180 16.7 9.7 94 157 198 194 114 157 254 383 185 235 218 231 138 18.07 11
Cle 223 158 194 241 155 168 140 171 187 178 204 334 337 13.7 210 170 214 185 20.04 11
C17 470 303 369 339 176 295 295 254 365 324 36.3 517 380 247 262 19.7 111 27.7 30.81 11
C18 225 115 122 151 87 68 123 153 145 170 236 317 339 100 122 79 88 108 15.27 11
C19 138 18.1 184 16.1 140 210 187 159 290 126 224 315 215 206 253 158 120 204 19.27 11
C20 111 74 118 170 182 184 127 147 182 107 196 221 230 220 136 173 16.2 230 16.49 11
c21 129 18.7 190 243 208 185 205 188 20.1 134 210 31.8 344 258 244 200 250 254 21.94 11
C24 142 28.7 15.2 16.7 100 185 124 111 16.0 13.6 158 211 320 215 16.0 10.7 93 176 16.69 11
C26 171 180 203 186 80 176 250 20.1 243 135 225 351 278 279 199 137 120 233 20.26 11
c27 10.2 111 114 161 129 155 17.1 105 127 82 128 29.2 233 111 16.0 106 108 171 14.26 11
Cc28 16.2 278 193 148 79 263 340 299 260 30.0 265 272 270 339 155 91 146 195 22.54 11
C29 174 215 170 195 148 186 20.7 222 253 185 224 313 293 246 228 157 100 221 20.76 11
C30 375 170 139 256 241 243 339 373 307 245 304 382 36.0 236 268 157 259 274 27.39 11
C31 164 155 129 171 97 120 118 152 17.0 150 189 229 329 188 19.2 252 123 174 17.23 11
C32 219 232 237 245 7.1 207 140 171 190 136 17.2 257 346 238 251 206 165 231 20.63 11
C35 9.0 246 202 236 238 249 268 169 146 93 195 26.1 37.1 420 298 327 189 329 24.03 11

C36 29.0 137 16.2 189 121 181 188 174 193 122 166 284 252 125 136 74 91 206 17.16 11
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C37 6.2 149 130 147 133 148 16.7 180 189 121 190 283 227 152 169 148 142 210 16.37 11
C38 16.1 117 128 176 101 109 16.8 182 142 203 20.1 227 223 110 121 9.2 100 155 15.10 11
C39 28,6 235 17.7 21.7 220 240 30.7 291 204 229 154 249 232 254 180 130 164 216 22.13 11
C40 326 16.7 19.0 25.0 228 177 399 28.1 238 234 236 231 309 180 174 150 119 237 22.92 11
C41 28.0 304 304 344 404 436 406 36.4 39.0 40.1 438 479 444 317 371 307 312 304 36.71 11
C42 198 128 132 175 118 113 13.7 121 185 16.0 166 33.1 248 156 18.7 175 178 194 17.24 11
C43 19.1 30.1 294 323 274 415 392 437 368 316 345 343 359 534 577 458 46.7 52.6 38.45 11
C44 114 156 95 144 128 113 131 111 156 52 144 142 233 204 156 118 9.7 170 13.68 11
C45 22.3 304 26.7 274 192 304 308 229 260 221 201 349 266 319 295 20.1 196 280 26.04 11
C46 195 146 135 131 89 148 80 98 149 110 132 253 30.7 10.7 129 98 120 175 14.46 11
C47 13.3 132 165 206 99 159 115 147 19.7 141 177 259 287 222 202 16.2 146 252 17.78 11
C49 195 311 146 216 193 248 244 142 245 183 179 296 293 265 127 111 157 238 21.05 11
C50 225 166 125 126 79 147 111 98 181 75 151 190 237 148 140 9.2 13.0 193 14.52 11
C51 341 299 278 266 119 252 260 264 281 270 318 433 410 261 252 188 12.1 264 27.10 11
C52 19.7 28.0 134 234 229 218 226 106 206 94 154 195 414 328 158 229 7.3 188 20.35 11
C53 209 13.2 150 20.7 141 119 160 118 172 124 152 351 232 117 154 145 138 16.2 16.56 11
C54 139 19.1 226 190 159 181 186 176 304 142 184 321 263 208 256 154 133 211 20.12 11
C55 16.8 358 359 387 323 351 376 352 304 261 333 372 381 350 359 396 394 436 34.77 11
C56 23.2 399 20.7 29.7 23.0 293 188 311 383 241 257 413 415 406 313 310 44.0 452 32.15 11
C57 639 745 681 59.7 628 56.1 609 69.0 67.7 66.1 678 625 724 774 777 763 687 615 67.38 11
C58 43.2 33.0 439 529 404 409 550 443 393 442 401 585 49.7 432 588 556 511 629 47.62 11

C59 127 9.1 106 102 129 144 140 170 119 91 163 26.7 223 129 170 123 109 88 13.84 11
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Table 4. AVERAGE SYMMETRIC MAPE 111 Series

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average # Series
BOO 135 13 152 144 132 163 16.2 173 16 141 16.2 18 21.1 16.7 20.2 188 189 233 16.81 111
BO1 152 151 17 17.7 154 175 172 176 175 136 169 193 218 193 223 20 218 244 18.32 111
B02 13.3 13.1 157 184 17 172 161 178 172 143 173 209 216 16.6 208 19.8 20.3 23.6 17.84 111
BO3 115 119 138 147 153 154 156 155 139 11 149 172 172 144 182 17 18.7 215 15.44 111
B0O4 19.8 195 228 256 222 23 259 243 216 183 193 20 25.2 20.8 24 256 245 26.1 22.69 111
B0O5 123 118 16.2 155 141 155 151 16.7 149 132 158 18 17.9 14 19.2 171 188 21 15.95 111
B0O6 139 142 158 17.7 153 154 176 183 17.7 157 16.7 188 203 17.6 20 191 20.3 255 17.78 111
BO7 116 116 13.1 14 141 147 16 146 147 116 141 163 17.7 13.7 159 168 16.6 20.9 14.89 111
BO9 11.3 123 129 148 123 146 14 15.6 14 122 144 16.8 18 13.8 18 16.5 15.7 199 14.84 111
B10 147 155 16 174 159 198 222 202 18 16.2 16 22 227 204 204 217 203 25 19.14 111
B11 16.6 156 16.1 169 151 179 18.1 169 17.2 181 213 214 226 188 246 209 212 258 19.17 111
B12 209 204 222 246 20.7 257 22 225 254 216 243 225 295 208 229 255 231 323 23.72 111
B13 12.8 13.9 16 151 152 178 169 172 154 133 149 183 19.2 183 203 186 205 231 17.05 111
Co03 152 129 157 165 144 159 156 171 172 121 149 16 19.1 145 179 183 19.2 21 16.31 111
c11 15.7 15 17.6 19 17.8 17 16.7 182 183 15 18.6 20.5 23 163 20.7 215 195 25 18.62 111
C13 129 136 147 169 146 149 168 178 16.2 135 166 165 208 14.1 19.7 179 188 22 16.57 111
C15 17.3 184 189 19 185 189 213 206 198 156 18 191 238 206 224 206 223 248 20 111
C17 249 212 248 283 248 246 274 244 219 173 231 254 273 20 223 242 233 28.7 24.09 111
C20 151 146 142 159 164 188 193 184 189 165 178 204 224 20 223 236 232 235 18.97 111
C24 16.6 153 171 168 154 187 165 174 187 145 173 173 205 158 181 179 194 223 17.54 111
C26 16.3 156 16.1 19.2 159 17 18 18.2 184 15 16.1 208 221 171 204 211 193 218 18.24 111
c27 111 137 141 158 134 15 143 15 145 125 145 169 179 134 18 155 171 205 15.18 111
Cc28 184 16.5 18.7 18 144 223 218 203 194 193 196 214 21.8 208 21.7 225 224 24 20.19 111
C30 18 23.1 18 238 228 243 278 273 23 234 263 26.7 303 245 282 253 28.8 30.7 25.13 111
C31 14 151 148 181 168 171 18.1 17.7 156 139 16.7 17.7 20.8 17 19.8 20 199 241 17.62 111
C36 17.4 15 155 18.1 187 19.2 195 198 187 172 216 191 228 191 23 20 20.6 25.8 19.51 111
C37 16.2 144 17.7 205 16.7 176 222 184 18 157 16.8 182 214 16.7 193 20.1 213 249 18.68 111
C38 138 15.1 155 175 145 17.1 18 193 183 155 163 20.1 213 185 209 18.1 188 23.2 17.87 111
C44 157 16.1 141 192 163 16.6 19.1 16.8 159 129 19.7 20 20.7 205 239 214 223 234 18.58 111
C46 149 125 155 165 146 169 154 17.7 169 13.7 16.1 172 208 155 18 168 176 211 16.55 111
C49 18 151 163 16.2 151 184 189 196 193 17.2 189 211 226 183 205 194 184 237 18.72 111
C50 13.6 122 138 148 128 16 157 175 156 158 177 174 212 16.8 21.2 195 187 244 16.92 111
C5h1 235 203 227 232 219 228 238 227 21.7 186 21.2 243 27 212 22 227 211 26.1 22.6 111
C57 281 288 29.1 306 289 312 32 311 37 301 30.7 316 378 335 376 348 384 36.5 32.66 111

C59 16.2 123 153 18.1 16.1 175 18 193 164 156 194 216 20.6 19 218 205 227 26.8 18.73 111
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Table 5. AVERAGE SYMMETRIC MAPE Short - Seasonal

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series
BO1 12.7 144 155 13.1 157 128 143 189 143 109 176 154 228 195 248 216 248 305 17.77 25
B02 139 116 137 174 153 109 134 165 108 109 169 114 22 145 186 17.8 142 241 15.22 25
BO3 12.6 14 131 136 199 142 157 176 98 109 151 16.2 21.8 19 213 19.2 239 278 16.99 25
B0O4 28.2 263 243 293 222 218 237 228 205 211 234 199 36.1 257 224 306 252 30.2 25.21 25
B0O5 10.2 129 126 134 154 9.7 125 16.6 132 115 128 112 178 141 167 171 169 234 14.33 25
B0O6 16.1 177 184 215 183 114 199 158 165 153 147 135 24 203 135 221 16.9 22 17.67 25
BO7 106 145 123 135 138 114 145 129 122 105 156 107 191 13.1 127 181 16.8 24.2 14.25 25
BO9 104 132 114 126 111 98 122 132 83 81 133 89 19.7 122 157 179 14 215 12.98 25
B10 158 231 16.7 163 141 126 18.1 226 14 15 12 16.2 258 319 214 209 156 238 18.66 25
B11 15 16.7 13 135 16.2 132 153 123 128 118 176 129 213 139 181 147 19 28.8 15.89 25
B12 18.7 17.3 17 229 152 205 165 151 163 13.7 224 111 264 176 206 263 175 29.7 19.16 25
B13 11.7 142 13.8 12 151 10.2 136 164 11 108 11.7 11.8 196 154 196 185 184 247 14.9 25
Co03 11.8 155 153 159 17 119 126 158 112 85 158 11.8 20.7 151 17 196 173 23.6 15.34 25
c11 16,9 152 135 168 131 8.6 126 157 131 9.2 152 131 22 149 187 176 181 223 15.37 25
C13 13.7 152 133 16.3 13 8 104 154 116 107 172 86 225 13 18 185 17 243 14.81 25
C15 195 172 182 208 182 164 192 158 154 137 182 159 26.7 214 203 176 16.7 294 18.92 25
C17 21.3 22 234 278 271 202 236 224 186 145 19.2 183 252 208 249 271 284 347 23.31 25
C20 154 18.1 127 11.9 17 13 199 105 139 121 153 125 241 177 174 213 202 232 16.45 25
C24 142 148 164 15 168 123 151 169 175 109 153 122 20 156 186 219 188 26.9 16.63 25
C26 177 178 158 16.3 12.7 13.1 129 151 154 131 12 12 217 128 178 205 16.8 264 16.1 25
c27 9.5 14 109 115 12 103 111 136 121 93 147 86 198 126 165 157 153 23 13.37 25
Cc28 189 142 185 20.8 17 16.7 158 16.7 142 17.1 186 138 205 176 21.2 258 202 275 18.62 25
C30 121 185 129 16 153 18.2 186 252 19.7 16.7 275 189 291 209 251 249 238 305 20.76 25
C31 119 157 123 122 161 143 156 155 12 143 164 124 221 171 173 181 199 219 15.84 25
C36 18.7 143 191 206 229 17 172 234 195 171 236 119 238 231 243 268 225 336 21.08 25
C37 189 172 142 234 175 137 238 165 135 195 157 137 273 209 172 229 213 281 19.17 25
C38 135 14 12.6 16.5 15 98 147 135 126 128 155 118 23 153 21.8 235 204 26.8 16.28 25
C44 154 183 126 216 154 146 154 165 138 148 218 19.2 253 247 229 213 253 26.6 19.19 25
C46 12.8 12.7 13 16,5 149 101 113 15 128 9.1 138 9.2 194 16 16.8 194 158 24 14.58 25
C49 184 125 115 14.2 16 128 126 154 16 11.7 165 122 20.3 143 185 19.7 172 295 16.08 25
C50 126 12.8 11 125 125 85 127 127 8.9 9 144 10 242 122 158 20 146 223 13.7 25
C5h1 26.8 253 258 278 263 20.7 274 24 268 218 21.3 216 288 257 21.8 289 219 299 25.16 25
C57 165 214 249 253 21.8 213 251 223 305 182 18.1 221 346 254 347 279 427 394 26.24 25

C59 17 135 16.8 17 16 143 144 201 154 114 172 164 192 203 239 169 206 26.6 17.61 25
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Table 6. AVERAGE SYMMETRIC MAPE Short - Non Season al

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series
BO1 222 146 213 263 186 185 193 154 187 149 178 211 21 165 248 214 254 222 20.01 25
B02 23.3 183 244 269 206 212 17 20 16.7 158 215 225 205 171 249 206 229 229 20.95 25
BO3 22.6 16.2 23.6 246 19 19 17 146 16 128 20.7 21 227 158 221 219 21 18.9 19.41 25
B0O4 26.7 18.7 29.3 27 224 219 248 22 222 219 222 236 247 191 239 232 231 219 23.24 25
B0O5 21.7 143 278 264 185 194 181 151 157 174 181 204 178 14.9 26 222 272 21.2 20.12 25
B0O6 246 19.2 235 254 183 17.7 183 20.2 183 199 195 215 237 175 265 182 243 288 21.42 25
BO7 20.8 153 224 221 171 186 156 148 158 165 186 21.8 214 174 225 185 20.8 19.9 18.89 25
BO9 198 16.2 198 236 17.2 189 137 163 16.2 181 19 244 213 193 249 198 194 226 19.48 25
B10 196 176 211 28.2 20 20 23.7 16.1 197 177 221 289 233 25 23 27.7 29 259 22.7 25
B11 279 221 259 255 173 22 199 18 19.1 235 257 284 253 208 338 258 257 279 24.14 25
B12 261 199 274 29.7 176 291 215 26.6 243 193 234 221 348 158 26.7 245 295 408 25.52 25
B13 20.3 144 2238 22 181 196 17.8 141 164 154 179 217 20.2 16 194 198 229 198 18.8 25
Co03 349 177 261 26.1 194 234 182 21 235 174 191 19.2 264 156 21.8 228 26.6 20.7 22.22 25
c11 185 223 263 289 209 225 16.1 179 202 202 254 30 314 247 34 351 281 344 25.39 25
C13 20.3 16.8 225 276 204 17 178 156 134 17.7 232 209 232 16.7 27.1 187 234 246 20.39 25
C15 30.7 293 305 271 282 264 272 234 268 221 223 19.7 261 23 273 266 318 257 26.33 25
C17 30.7 22 30.7 325 264 203 283 237 19.7 186 31 231 335 192 225 248 256 254 25.44 25
C20 235 209 231 208 16.7 226 165 185 179 235 216 281 25 217 293 305 299 291 23.29 25
C24 281 178 272 269 194 204 14 158 17.3 17 205 207 208 17.1 218 168 264 18.6 20.38 25
C26 209 182 233 274 188 186 186 183 182 195 20.1 242 219 209 228 233 238 206 21.09 25
c27 16.9 173 205 233 137 172 141 144 139 16.6 18.1 227 199 155 227 17 217 20.2 18.1 25
Cc28 26 169 269 206 147 229 211 209 204 218 237 26.7 243 238 314 224 268 247 23.11 25
C30 246 363 309 364 278 283 322 328 244 282 333 312 392 304 389 317 409 408 32.67 25
C31 221 199 254 29.1 158 20 19 19.2 16.8 165 243 231 246 218 274 241 227 29 22.27 25
C36 259 20.1 20.2 256 25 194 216 196 227 169 248 199 25 20.6 295 226 26.7 246 22.81 25
C37 30.6 191 343 323 216 226 27 188 232 163 249 208 284 233 265 245 292 26.7 25 25
C38 235 194 249 264 18 26.3 223 253 218 215 227 30 30.2 23.7 295 191 23 27.8 24.18 25
C44 28.3 223 259 32 175 237 28.1 195 16.6 191 264 268 231 199 354 29.7 282 26.6 24.95 25
C46 223 146 225 236 178 20.1 156 184 172 154 187 208 189 169 215 181 229 193 19.14 25
C49 23.6 13.7 24.7 23 179 215 156 193 163 17.8 204 26.1 227 188 23 203 223 247 20.65 25
C50 195 144 214 248 144 175 139 196 171 21 193 253 235 179 277 189 226 253 20.22 25
C5h1 246 154 247 229 215 212 189 16.8 182 13.1 209 215 241 186 23 19.7 239 217 20.58 25
C57 27.6 187 191 315 245 275 245 183 328 201 18 264 327 255 257 241 319 255 25.24 25

C59 22.1 144 20 273 194 204 234 16.7 189 193 238 231 25 245 243 29.1 347 297 23.12 25
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Table 7. AVERAGE SYMMETRIC MAPE Long - Seasonal

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series
BO1 95 119 133 122 16.1 198 178 16.1 154 115 13.7 193 20.7 203 174 17 18.2 20.2 16.14 25
B02 64 6.7 93 8§ 128 158 114 12 157 109 131 18.1 203 193 205 185 222 236 14.71 25
BO3 66 57 78 6.1 105 138 111 94 77 58 86 97 9 88 99 79 117 193 9.41 25
BO4 143 151 169 217 25 328 328 318 235 194 157 96 193 169 248 229 274 278 22.09 25
BO5 7.2 8 11 8 1277 146 111 125 9 9 104 113 14 127 148 133 142 195 11.85 25
BO6 81 59 92 54 9 117 98 102 84 74 89 11 125 99 123 106 11.8 19.2 10.08 25
BO7 62 59 838 7 11 119 125 88 97 6 89 101 115 103 91 91 109 165 9.68 25
B09 6.2 61 86 6 84 114 93 108 78 6.6 8 95 126 91 124 98 123 153 9.46 25
B10 11 99 144 102 134 208 273 154 124 99 147 141 192 146 189 163 146 26.6 15.75 25
B11l 13.8 10.1 135 115 141 17 152 155 159 123 156 168 196 156 238 215 222 255 16.64 25
B12 244 187 243 212 276 247 296 229 293 213 253 22 285 244 253 289 242 322 25.25 25
B13 11.2 133 146 94 139 19 15.7 159 109 9 9 126 135 228 212 18 198 233 15.18 25
Co03 84 7.7 107 81 8 119 116 113 104 87 83 99 144 107 114 124 1277 1438 10.63 25
Cc11 88 71 113 89 109 153 132 109 103 82 838 10 138 118 134 109 128 153 11.2 25
C13 82 82 89 67 76 129 139 152 119 75 91 109 138 125 143 126 14 16 11.34 25
C15 10.6 13 11.7 104 153 187 13 133 11.7 138 145 169 17.7 20.7 16.2 143 16.7 23.8 15.12 25
C17 24 203 231 274 284 333 324 245 16.7 118 187 227 269 20.2 205 24 243 293 23.8 25
C20 116 73 89 97 117 178 188 179 149 143 139 17 195 187 248 216 219 228 16.28 25
C24 12 10.1 12 11 15.2 18.7 16 133 146 119 143 15.2 19 136 11.2 159 16.9 21 14.55 25
C26 129 99 118 149 17 173 149 16.2 14 135 138 198 238 146 205 214 196 159 16.21 25
c27 83 69 125 93 121 132 82 94 103 72 94 105 124 108 121 122 14 18.7 10.97 25
Cc28 125 149 143 118 122 224 186 158 142 155 135 178 181 174 16.2 227 214 222 16.75 25
C30 12.1 17 126 22 231 26.6 253 11.7 174 221 197 217 263 274 303 212 243 196 21.13 25
C31 104 7.1 10.9 10 163 171 128 88 89 64 85 122 147 109 108 129 15 224 12 25
C36 10.3 10.8 11 9 134 183 17 10.7 11 111 151 16 176 16.2 153 154 189 21.3 14.35 25
C37 10.3 8 10.7 121 13 16 154 135 13 116 11 115 119 98 144 141 157 215 12.98 25
C38 83 116 97 7.8 11 142 128 147 158 8.4 113 15 13.1 209 158 125 141 16.2 12.95 25
C44 94 74 93 72 115 109 111 109 84 7 115 135 189 137 114 131 156 1838 11.65 25
C46 97 75 108 89 119 152 144 134 119 103 116 136 196 126 123 126 135 183 12.67 25
C49 152 137 174 132 133 143 225 212 198 185 151 191 228 16.8 216 189 158 147 17.44 25
C50 85 91 103 83 144 156 16 13 112 102 133 124 16 15.1 13.9 14 15.7 21 13.22 25
C51 18.8 17.7 184 237 26 259 236 234 153 13.7 184 219 263 186 205 236 255 25 21.46 25
C57 12.7 16.7 16.7 145 17.8 19.2 184 20.3 25 173 199 183 211 15 19.2 188 164 194 18.14 25

C59 9.7 10 104 14 151 16.6 11.2 13.7 125 11 153 186 179 154 134 153 158 20 14.22 25
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Table 8. AVERAGE SYMMETRIC MAPE Long - Non-Seaso nal

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series
BO1 141 179 16.6 182 145 214 212 219 221 186 194 198 222 234 247 24 225 27.7 20.58 25
B02 8.5 15 16 19.2 183 21.3 241 255 256 181 175 225 205 172 214 236 226 249 20.1 25
BO3 58 119 117 153 133 151 196 232 212 156 149 175 137 16.2 218 215 219 222 16.8 25
B0O4 9.7 11 146 193 193 179 252 224 225 144 159 228 187 165 199 232 212 259 18.9 25
B0O5 9.7 118 152 133 115 208 226 249 219 166 211 242 19 16,5 23.6 18.7 20.8 223 18.58 25
B0O6 6.6 121 11.7 16.7 143 198 228 288 253 215 214 206 16.6 208 258 242 26.2 305 20.32 25
BO7 6.6 111 111 148 152 166 224 236 219 142 135 197 165 146 195 234 208 249 17.24 25
BO9 78 129 111 163 136 185 217 236 218 163 152 19.2 152 149 204 207 19.8 213 17.24 25
B10 13.7 13.8 15 176 159 245 219 254 25 22 16.7 269 212 139 201 226 25 24.8 20.34 25
B11 111 159 13 155 125 17 221 209 199 22 248 215 195 241 262 238 226 249 19.85 25
B12 171 225 187 194 195 26 218 268 29.6 249 182 258 238 243 194 249 201 279 22.81 25
B13 84 136 132 153 146 227 214 224 23 181 184 221 19.1 214 231 206 23.1 255 19.23 25
Co03 74 119 121 148 135 16.6 209 227 247 141 156 17.6 135 17.7 228 222 232 255 17.61 25
c11 153 17.1 154 22 20.7 25.7 26.1 27.2 28 208 21.7 227 19.1 16.1 199 229 242 318 22.04 25
C13 87 129 124 125 149 182 205 248 272 183 191 213 18 144 191 22 184 223 18.05 25
C15 114 158 157 188 16.3 185 284 303 255 1438 18 212 186 183 255 232 234 252 20.49 25
C17 138 163 16.7 228 205 223 242 266 26.1 178 174 259 19 179 194 228 203 258 20.87 25
C20 11.8 153 132 20.7 194 219 251 283 293 187 196 233 207 21.3 218 238 238 193 20.95 25
C24 13.3 125 13.7 144 128 234 227 264 264 185 196 197 172 145 215 203 199 25 18.99 25
C26 134 156 115 186 186 189 225 224 233 146 156 209 187 153 20.7 222 201 235 18.69 25
c27 10.2 175 138 189 16.2 19 227 245 226 189 166 20.2 173 154 216 19.2 202 216 18.71 25
Cc28 171 15 15 204 168 251 26.3 23.6 259 183 19.7 248 222 187 205 247 245 235 21.23 25
C30 146 232 176 199 242 242 324 352 272 259 229 299 239 198 19.2 277 276 334 24.94 25
C31 104 174 116 216 222 19 278 283 243 182 164 206 164 175 239 226 253 261 20.54 25
C36 95 155 115 17 164 224 224 266 214 258 252 246 238 194 27 20.8 195 259 20.83 25
C37 94 133 137 168 164 193 251 251 221 17 145 226 173 133 20 214 221 249 18.57 25
C38 8.7 16.9 16 191 158 21 227 239 247 172 139 223 186 175 203 21.3 214 256 19.28 25
C44 11.8 169 104 18 221 194 244 226 248 142 214 23 145 237 294 257 255 246 20.69 25
C46 129 144 165 186 163 232 237 275 268 214 215 218 208 18.7 23.6 201 20.7 244 20.71 25
C49 139 132 124 121 112 223 225 249 226 205 24 233 215 196 224 225 19.7 259 19.69 25
C50 10.1 105 131 144 122 228 223 281 239 26.9 25 211 198 229 30.7 295 243 313 21.6 25
C5h1 19.3 185 199 169 183 222 243 25 23.7 222 195 24 225 197 214 202 171 274 21.22 25
C57 40 38.1 384 381 364 459 474 471 463 49 50.6 46.1 47.7 48.8 53.2 505 494 50.6 45.76 25

C59 175 125 158 17.7 153 202 248 278 208 23.7 227 26 19.7 185 27.6 242 247 389 22.14 25



Table 9. AVERAGE SYMMETRIC MAPE

Short
METHODS 1 2 3 4 5 6
BO1 175 145 184 19.7 172 157
BO2 186 149 19 221 179 16.1
BO3 176 151 184 19.1 194 16.6
B0O4 27.4 225 268 282 223 219
BO5 16 13.6 20.2 199 16.9 145
BO6 20.3 185 21 235 183 14.6
BO7 157 149 173 178 154 15
B0O9 151 14.7 156 181 142 143
B10 17.7 204 189 222 17 163
B11 21.4 194 195 195 16.8 17.6
B12 224 186 222 263 164 248
B13 16 143 183 17 16.6 14.9
Cco03 234 16.6 207 21 182 17.6
C11 17.7 18.8 199 229 17 155
C13 17 16 179 219 16.7 125
C15 25.1 233 244 239 232 214
C17 26 22 271 302 26.7 202
C20 195 195 179 16.3 16.8 17.8
c24 21.2 163 21.8 209 181 164
C26 19.3 18 195 21.8 158 159
c27 13.2 15.6 157 17.4 129 138
Cc28 224 155 22.7 20.7 158 19.8
C30 183 274 219 262 215 232
C31 17 17.8 189 206 16 17.2
C36 223 172 197 231 24 182
C37 248 181 242 278 195 182
C38 185 16.7 187 215 165 18.1
C44 21.8 20.3 193 26.8 16.5 19.2
C46 176 13.6 178 20 16.3 15.1
C49 21 131 18.1 186 169 17.1
C50 16 13.6 16.2 187 134 13
C51 257 204 252 254 239 21
C57 22.1 201 22 284 232 244
C59 196 14 184 221 177 173

7
16.8
15.2
16.4
24.3
15.3
19.1

15

13
20.9
17.6

19
15.7
154
14.4
14.1
23.2

26
18.2
14.6
15.8
12.6
18.5
25.4
17.3
19.4
254
18.5
21.8
135
14.1
13.3
23.2
24.8
18.9

8
171
18.2
16.1
22.4
15.9

18
13.8
14.7
19.4
151
20.8
15.2
18.4
16.8
155
19.6
23.1
145
16.4
16.7

14
18.8

29
17.4
215
17.7
19.4

18
16.7
17.4
16.2
20.4
20.3
18.4

9
16.5
13.7
12.9
214
14.5
17.4

14
12.3
16.8
159
20.3
13.7
17.4
16.7
12.5
21.1
19.1
15.9
17.4
16.8

13
17.3

22
14.4
211
18.3
17.2
15.2

15
16.2

13
22.5
31.6
171

10
12.9
13.4
11.8
215
14.4
17.6
135
13.1
16.3
17.7
16.5
13.1
12.9
14.7
14.2
17.9
16.5
17.8

14
16.3

13
19.4
22.4
154

17
17.9
17.2
16.9
12.2
14.7

15
17.5
19.2
15.3

11
17.7
19.2
17.9
22.8
155
17.1
17.1
16.2
17.1
21.6
22.9
14.8
17.4
20.3
20.2
20.2
251
18.5
17.9

16
16.4
211
30.4
20.4
24.2
20.3
19.1
241
16.2
18.5
16.8
211

18
20.5

12
18.3

17
18.6
21.7
15.8
17.5
16.2
16.7
22.6
20.7
16.6
16.7
155
215
14.7
17.8
20.7
20.3
16.5
18.1
15.7
20.3
25.1
17.8
159
17.2
20.9

23

15
191
17.6
215
24.2
19.7

13
21.9
21.2
22.3
30.4
17.8
23.9
20.2
20.5
245
23.3
30.6
19.9
23.5
26.7
22.8
26.4
29.3
245
20.4
21.8
19.9
22.4
34.2
23.3
24.4
27.9
26.6
24.2
191
215
23.9
26.5
33.7
22.1

14

18
15.8
17.4
22.4
14.5
18.9
15.3
15.7
28.4
17.3
16.7
15.7
15.3
19.8
14.8
22.2

20
19.7
16.4
16.9
14.1
20.7
25.6
19.4
21.8
22.1
19.5
22.3
16.4
16.5
151
22.2
255
22.4
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15 16 17 18 Average #Series
248 215 251 264 18.89 50
218 19.2 186 235 18.08 50
21.7 206 224 233 18.2 50
23.2 269 241 26.1 24.23 50
21.3 19.6 22 223 17.23 50

20 20.2 20.6 254 19.55 50
176 183 18.38 22 16.57 50
20.3 189 16.7 22 16.23 50
22.2 243 223 248 20.68 50
259 203 224 284 20.02 50
23.7 254 235 353 22.34 50
195 19.1 206 222 16.85 50
194 21.2 22 221 18.78 50
26.3 264 23.1 284 20.38 50
22.6 186 20.2 245 17.6 50
23.8 221 243 276 22.63 50
23.7 25.9 27 30 24.37 50
234 259 251 26.1 19.87 50
20.2 194 226 228 18.51 50
20.3 219 203 235 18.59 50
19.6 16.4 185 21.6 15.73 50
26.3 24.1 235 26.1 20.87 50

32 283 323 356 26.72 50
223 21.1 213 254 19.05 50
269 247 246 29.1 21.95 50
219 237 252 274 22.09 50
256 213 217 273 20.23 50
29.1 255 26.7 26.6 22.07 50
19.2 18.7 193 21.6 16.86 50
20.7 20 19.7 271 18.36 50
21.8 195 186 238 16.96 50
224 243 229 258 22.87 50
30.2 26 37.3 325 25.74 50
24.1 23 276 281 20.36 50



Table 10. AVERAGE SYMMETRIC MAPE

Long
METHODS 1 2 3 4 5 6
BO1 11.8 149 15 152 153 206
B02 74 109 126 13.6 156 186
BO3 6.2 88 97 107 119 144
BO4 12 13.1 158 205 22.1 253
BO5 84 99 131 107 121 17.7
BO6 7.4 9 104 11.1 116 158
BO7 64 85 10 109 13.1 143
B09 7 95 98 112 11 149
B10 124 118 147 139 146 227
B11 125 13 132 135 133 17
B12 20.7 20.6 215 20.3 236 253
B13 9.8 135 139 124 142 2038
C03 79 98 114 115 107 142
C11 121 121 133 155 158 205
C13 85 105 106 9.6 11.3 156
C15 11 144 137 146 158 186
c17 18.9 183 19.9 251 244 278
C20 11.7 113 111 152 156 198
C24 127 113 128 127 14 211
C26 13.1 12.8 11.7 167 17.8 181
c27 93 122 131 141 142 16.1
C28 148 149 146 16.1 145 238
C30 13.3 20.1 151 209 237 254
C31 104 123 11.2 158 19.2 18
C36 99 132 113 13 149 203
C37 9.9 106 122 144 147 176
C38 85 142 128 135 13.4 176
C44 10.6 121 9.9 126 16.8 151
C46 11.3 11 136 13.7 141 192
C49 146 135 149 126 123 183
C50 93 98 117 113 133 192
C51 19 18.1 19.1 203 222 24
C57 26.4 274 275 263 271 325
C59 136 11.3 131 158 152 184

7
195
17.8
154

29
16.8
16.3
17.5
155
24.6
18.6
25.7
18.6
16.3
19.6
17.2
20.7
28.3
21.9
19.3
18.7
155
22.5
28.9
20.3
19.7
20.2
17.7
17.7

19
22.5
19.1

24
32.9

18

8

19
18.7
16.3
27.1
18.7
19.5
16.2
17.2
20.4
18.2
24.8
19.2
17
19.1
20
21.8
25.5
23.1
19.9
19.3
16.9
19.7
23.4
18.6
18.7
19.3
19.3
16.8
20.5
23.1
20.5
24.2
33.7
20.7

18.7
20.7
14.5

23
154
16.9
15.8
14.8
18.7
17.9
29.5

17
17.6
19.1
19.6
18.6
21.4
22.1
20.5
18.7
16.4
20.1
22.3
16.6
16.2
17.6
20.2
16.6
19.3
21.2
17.6
19.5
35.6
16.6

10
151
14.5
10.7
16.9
12.8
145
10.1
11.4
15.9
17.2
23.1
135
11.4
145
12.9
14.3
14.8
16.5
15.2

14
13.1
16.9

24
12.3
18.4
14.3
12.8
10.6
15.8
19.5
18.5

18
33.1
17.3

11
16.6
15.3
11.8
15.8
15.8
151
11.2
11.6
15.7
20.2
21.8
13.7
11.9
15.2
141
16.2
18.1
16.7
16.9
14.7

13
16.6
21.3
12.4
20.1
12.7
12.6
16.5
16.6
19.5
19.2
18.9
35.3

19

12
19.6
20.3
13.6
16.2
17.8
15.8
14.9
14.3
20.5
19.2
23.9
17.4
13.7
16.3
16.1
19.1
24.3
20.1
17.4
20.3
15.3
21.3
25.8
16.4
20.3
171
18.7
18.2
17.7
21.2
16.8

23
32.2
22.3

13
215
20.4
11.3

19
16.5
145

14
13.9
20.2
19.6
26.1
16.3

14
16.5
159
18.1
22.9
20.1
18.1
21.2
14.8
20.1
251
155
20.7
14.6
15.8
16.7
20.2
22.2
17.9
24.4
34.4
18.8

14
21.8
18.3
125
16.7
14.6
15.3
12.4

12
14.3
19.8
24.3
22.1
14.2

14
13.5
19.5

19

20

14

15
13.1
18.1
23.6
14.2
17.8
11.6
19.2
18.7
15.6
18.2

19
19.2
31.9

17
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15 16 17 18 Average #Series
21.1 205 20.3 23.9 18.36 50
20.9 21 224 243 17.4 50
15.8 147 16.8 20.7 13.11 50
224 231 243 26.8 20.49 50
19.2 16 175 209 15.21 50
19.1 174 19 24.8 15.2 50
143 16.3 159 20.7 13.46 50
16.4 153 16.1 18.3 13.35 50
195 194 19.8 257 18.05 50

25 22,6 224 252 18.24 50
22.3 269 221 30 24.03 50
22.1 193 215 244 17.2 50
17.1 173 18 20.1 14.12 50
16.6 169 185 235 16.62 50
16.7 17.3 16.2 19.2 14.69 50
20.8 18.7 20.1 245 17.81 50

20 23.4 223 27.6 22.33 50
23.3 227 229 21.1 18.61 50
16.3 18.1 18.4 23 16.77 50
206 21.8 19.8 19.7 17.45 50
16.8 15.7 17.1 20.2 14.84 50
18.4 237 229 229 18.99 50
248 245 259 26.5 23.04 50
174 17.7 202 243 16.27 50
21.2 181 19.2 236 17.59 50
172 17.8 18.9 232 15.77 50

18 16.9 17.7 20.9 16.11 50
20.4 194 20.6 21.7 16.17 50
179 164 17.1 21.4 16.69 50

22 20.7 17.8 20.3 18.57 50
22.3 21.7 20 26.1 17.41 50
209 219 213 26.2 21.34 50
36.2 346 329 35 31.95 50
20.5 19.7 20.3 295 18.18 50



Tablell. AVERAGE SYMMETRIC MAPE

Seasonal
METHODS 1 2 3 4 5 6
BO1 11.1 13.1 144 127 159 16.3
BO2 101 9.2 115 127 141 134
BO3 96 9.9 104 99 152 14
B0O4 21.3 20.7 206 255 236 27.3
BO5 87 104 118 10.7 141 121
BO6 12.1 11.8 13.8 135 136 11.6
BO7 84 10.2 106 10.3 124 117
B0O9 83 97 10 93 97 106
B10 13.4 165 155 13.3 13.8 16.7
B11 14.4 134 133 125 152 151
B12 215 18 206 221 214 226
B13 115 13.8 14.2 10.7 145 146
Cco03 10.1 116 13 12 125 119
C11 129 112 124 129 12 119
C13 11 11.7 11.1 115 103 104
C15 15 151 15 156 16.8 17.6
C17 22.7 212 233 276 278 26.7
C20 135 12.7 10.8 10.8 144 154
Cc24 13.1 125 142 13 16 155
C26 153 13.8 13.8 156 149 152
c27 89 105 11.7 104 12 118
C28 157 145 164 16.3 146 19.6
C30 12.1 177 127 19 192 224
C31 11.1 114 116 111 162 157
C36 145 126 151 14.8 18.1 17.6
C37 146 12.6 12.4 17.7 152 148
C38 109 128 111 122 13 12
C44 12.4 128 11 144 135 128
C46 11.2 101 119 127 134 126
C49 16.8 13.1 145 13.7 147 135
C50 10.5 109 10.6 104 134 12
C51 228 215 221 258 26.2 233
C57 146 19.1 20.8 19.9 19.8 20.3
C59 13.4 11.8 136 155 156 154

7

16
12.4
13.4
28.2
11.8
14.9
135
10.7
22.7
15.3
23
14.6
12.1
12.9
12.1
16.1
28
194
155
13.9
9.6
17.2
22
14.2
171
19.6
13.7
13.2
12.9
175
14.3
255
21.8
12.8

8
17.5
14.3
135
27.3
14.6

13
10.8

12

19
13.9

19
16.2
13.5
13.3
15.3
14.5
23.5
14.2
151
15.7
115
16.3
18.5
12.2
17.1

15
14.1
13.7
14.2
18.3
12.9
23.7
21.3
16.9

9
14.9
13.3

8.8
22
111
12.5
11

13.2
14.3
22.8

11
10.8
11.7
11.7
13.6
17.7
14.4
16.1
14.7
11.2
14.2
18.5
10.4
15.2
13.2
14.2
111
12.3
17.9
10.1
211
27.7
13.9

10
11.2
10.9

8.3
20.2
10.2
114

8.3

7.4
12.4
121
17.5

9.9

8.6

8.7

9.1
13.7
131
13.2
114
13.3

8.3
16.3
19.4
10.3
141
155
10.6
10.9

9.7
151

9.6
17.8
17.7
11.2

11
15.7

15
11.9
19.6
11.6
11.8
12.3
10.7
13.3
16.6
23.9
10.4

12

12
13.1
16.3

19
14.6
14.8
12.9

12
16.1
23.6
12.5
19.4
13.3
13.4
16.6
12.7
15.8
13.8
19.9

19
16.2

12
17.4
14.8

13
14.7
11.3
12.3
10.4

9.2
151
14.8
16.5
12.2
10.8
115

9.7
16.4
20.5
14.7
13.7
15.9

9.6
15.8
20.3
12.3
13.9
12.6
13.4
16.3
11.4
15.6
11.2
21.8
20.2
17.5

13
21.8
21.2
154
27.7
15.9
18.3
15.3
16.2
22.5
20.4
27.4
16.5
17.6
17.9
18.1
22.2
26.1
21.8
195
22.7
16.1
19.3
27.7
18.4
20.7
19.6
18.1
22.1
19.5
21.6
20.1
27.5
27.8
18.5

14
19.9
16.9
13.9
21.3
134
151
11.7
10.6
23.3
14.7

21
19.1
12.9
134
12.8
211
20.5
18.2
14.6
13.7
11.7
175
24.2

14
19.7
154
18.1
19.2
14.3
155
13.7
22.2
20.2
17.9
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15 16 17 18 Average #Series
211 193 215 253 16.95 50
196 18.2 182 238 14.97 50
156 136 17.8 235 13.2 50
23.6 26.7 26.3 29 23.65 50
157 152 156 21.4 13.09 50
129 164 144 206 13.87 50
109 136 139 203 11.97 50
141 139 132 184 11.22 50
20.2 186 151 25.2 17.21 50
209 181 206 27.1 16.27 50
229 276 209 31 22.21 50
20.4 183 19.1 24 15.04 50
14.2 16 15 19.2 12.99 50

16 143 154 188 13.29 50
16.2 155 155 20.2 13.07 50
18.3 159 16.7 26.6 17.02 50
22.7 255 26.3 32 23.56 50
211 214 21 23 16.37 50
149 189 17.8 239 15.59 50
19.1 21 182 21.1 16.15 50
14.3 14 14.7 20.9 12.17 50
18.7 243 20.8 2438 17.69 50
27.7 231 241 25 20.95 50
141 155 174 221 13.92 50
19.8 21.1 20.7 27.4 17.71 50
158 185 185 248 16.08 50
18.8 18 17.2 215 14.62 50
17.2 172 205 227 15.42 50
14.6 16 146 21.2 13.63 50

20 193 165 221 16.76 50
14.8 17 152 216 13.46 50
21.2 26.2 237 275 23.31 50
269 233 295 294 22.19 50
18.7 16.1 182 233 15.91 50
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Table 12. AVERAGE SYMMETRIC MAPE Non - Seasonal

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series
BO1 18.2 16.3 189 223 16.6 20 20.3 186 204 16.8 186 205 21.6 20 248 227 24 25 20.29 50
B02 159 16.6 202 231 194 213 206 227 211 169 195 225 205 172 232 221 228 239 20.52 50
BO3 142 141 176 199 161 17 183 189 186 142 178 193 182 16 219 217 214 20.6 18.11 50
B0O4 182 149 219 231 208 199 25 222 223 181 19.1 232 217 178 219 232 221 239 21.07 50
B0O5 15.7 13 215 1938 15 20.1 20.3 20 18.8 17 196 223 184 157 248 205 24 21.8 19.35 50
B0O6 156 157 176 211 16.3 188 206 245 218 20.7 204 21.1 20.2 19.2 262 212 253 29.6 20.87 50
BO7 13.7 132 168 184 16.1 17.6 19 19.2 189 154 16 20.7 18.9 16 21 209 208 224 18.06 50
BO9 138 145 155 20 154 18.7 17.7 19.9 19 172 171 218 182 171 227 203 196 219 18.36 50
B10 16.7 15.7 18 229 179 223 228 208 224 198 194 279 222 195 216 251 27 253 21.52 50
B11 19.5 19 194 205 149 195 21 195 195 227 253 25 224 224 30 248 242 264 22 50
B12 216 21.2 23 246 186 275 21.7 26.7 27 221 20.8 24 29.3 20 231 247 248 343 24.16 50
B13 14.4 14 18 186 163 211 196 183 19.7 16.7 182 219 19.7 187 212 20.2 23 226 19.02 50
Co03 21.2 148 191 204 165 20 196 218 24.1 157 174 184 199 16.6 223 225 249 231 19.91 50
c11 16.9 19.7 208 254 208 241 211 226 241 205 236 264 252 204 26.9 29 26.1 331 23.71 50
C13 145 148 174 20 17.7 176 19.1 20.2 20.3 18 211 211 20.6 155 23.1 203 209 235 19.22 50
C15 21 226 231 23 223 224 278 268 26.1 184 20.1 205 223 20.7 264 249 276 254 23.41 50
C17 222 19.2 237 277 234 213 26.2 251 229 182 242 245 262 185 209 238 229 256 23.15 50
C20 177 18.1 182 20.8 18 222 208 234 236 211 206 257 228 215 255 271 269 242 22.12 50
C24 20.7 151 205 206 16.1 219 184 211 218 17.8 20 20.2 19 158 217 186 232 218 19.69 50
C26 171 169 17.4 23 187 188 206 203 208 171 17.8 225 203 181 21.7 228 219 221 19.89 50
c27 136 174 172 21.1 15 18.1 184 195 183 178 173 214 186 155 222 18.1 21 209 18.4 50
Cc28 215 159 209 205 158 24 237 223 231 20 21.7 258 232 213 26 236 25.7 241 22.17 50
C30 19.6 29.7 242 28.2 26 26.2 323 34 258 271 281 306 316 251 29.1 29.7 342 371 28.8 50
C31 16.2 18.7 185 253 19 195 234 238 205 173 204 219 205 19.7 256 234 24 27.6 214 50
C36 177 17.8 158 213 20.7 20.9 22 231 221 213 25 222 244 20 282 217 231 252 21.82 50
C37 20 16.2 24 245 19 21 26 22 226 16.7 19.7 217 229 183 233 229 256 258 21.79 50
C38 16.1 18.1 204 227 16.9 237 225 246 232 194 183 261 244 206 249 202 222 26.7 21.73 50
C44 20 19.6 182 25 198 215 263 21.1 20.7 16.6 239 249 188 218 324 277 269 256 22.82 50
C46 176 145 195 211 171 216 19.7 229 22 184 201 21.3 198 178 225 191 218 218 19.92 50
C49 18.8 134 186 175 145 219 19 221 194 191 222 247 221 192 227 214 21 253 20.17 50
C50 148 125 172 196 133 20.1 181 239 205 239 221 232 217 204 292 242 235 283 20.91 50
C5h1 219 169 223 199 199 217 216 209 209 17.7 20.2 227 233 191 222 20 205 246 20.9 50
C57 33.8 284 28.7 348 304 36.7 36 327 395 345 343 363 402 372 394 373 406 381 35.5 50

C59 198 135 179 225 174 203 241 223 198 215 233 246 224 215 26 26.6 29.7 34.3 22.63 50
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Table 13. MEAN ABSOLUTE SCALED ERROR 111Series

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 | Average | # Series
BOO 0.68/ 0.78| 0.87| 0.86) 0.86] 1.03] 1.21| 1.23| 1.33] 1.16| 1.21) 1.18 1.35 142 154 160 1.52| 1.88 1.21 111
BO1 1.06| 1.23) 1.44| 1404 143 154 1.70] 1.65 194 1.78 206y 219 257 281 3.32| 3.90| 4.38] 4.97 2.30 111
B02 0.75| 0.92| 1.18| 1.43} 156| 1.73] 1.96| 2.00| 2.08/ 1.97| 2.12| 2.24) 250 249 270 282 2.85 3.15 2.03 111
BO3 0.61] 0.73] 082 0.89| 096, 1.01| 124/ 1.18 1.21| 111 1.14| 1.13] 128 1.31] 145 152/ 1.61| 1.88 1.17 111
BO4 101 1.06| 1.20| 1.38 1.27| 1.51| 1.73| 162 149 137 134 119 161 156/ 166, 1.79) 1.78 2.16 1.48 111
B0O5 0.60| 0.69| 0.89) 0.88| 0.86) 1.04| 1.23] 1.25 1.32| 1.19 1.23| 1.23] 1.26| 1.28] 143 151 157 1.86 1.18 111
BO6 0.63] 0.79] 0.93| 1.01) 0.96| 1.01] 1.30| 1.31| 1.33] 1.24| 1.24 122 140 156/ 166 1.73] 1.72| 2.11 1.29 111
BO7 0.63| 0.70/ 0.80/ 0.85| 0.91, 097 126/ 1.17 1.30| 1104 1.11| 112 1.27| 125 1.30] 1.44| 1.43| 181 1.13 111
BO9 0.66| 0.73| 0.77| 0.88 0.83] 0.96| 1.22| 1.21| 1.26| 1.13| 1.13} 1.11, 1.27 1.22| 140 1.43| 1.38] 1.77 1.13 111
B10 0.84| 0.97| 1.06/ 1.07| 1.15 131 152 162 151 132 130/ 146/ 1.60] 156| 159 1.67| 1.75| 2.06 1.41 111
B11 091 0.93] 1.00/ 1.08 1.08 1.23] 1.43| 1.37| 155 1.40f 1.49 138 157 152 179 186/ 1.91| 2.20 1.43 111
B12 161 150 150/ 158 153 186/ 1.73] 181 201 168 193 169 205 180 1.81 191 1.79] 256 1.80 111
B13 0.68/ 0.84| 0.95| 0.97, 1.04 1.21] 1.39| 1.38| 1.43| 1.27| 1.24 132 149 163 171 1.75 1.80| 2.04 1.34 111
C03 0.69| 0.77/ 0.89] 0.94| 091, 1.03] 125 1.26) 1.36| 1.09) 1.16| 1.12] 1.30| 1.34] 143 1.55 155 1.89 1.20 111
C11 1.06| 1.17| 1.27| 1.49 167, 1.73| 1.82| 1.71) 1.71| 1.48| 1.41] 133 159 146/ 160 1.76/ 1.78 2.29 1.57 111
C13 0.80| 0.91] 096, 1.07| 0.99) 1.08| 1.30| 1.34) 1.46| 123 1.26| 1.17| 1.34] 1.28 145 1.52| 159 1.89 1.26 111
C15 1.02) 113} 1.17| 131 1.27| 1.30| 1.67| 166/ 1.63] 1.43| 145 142 1.68 1.75 1.80 1.78 182 219 1.53 111
C17 186/ 1.64 158 191 178 191 204 175 181 157 1.73] 168 1.78 1.75 1.68 195 1.81| 2.39 1.81 111
C20 0.75/ 0.83] 0.91| 098 1.03] 1.07| 1.37| 1.28/ 1.41| 1.29| 1.31 142 156 150 154/ 1.70| 1.74 1.91 1.31 111
C24 0.96| 1.05 1.12) 1.19| 1.14) 1.32| 145 142 168 142 145 1.35 148 155 159 1.77| 1.75 2.07 1.43 111
C26 0.89] 1.01| 1.07| 1.24) 119 1.30| 1.43| 145 1.49| 1.28 124 131 147 143 153 161 149 181 1.35 111
Cc27 0.71) 0.88] 0.96/ 1.09| 1.06) 1.10| 1.32] 1.28) 1.42| 1.26) 1.23| 1.20| 1.34| 1.33] 155/ 1.47| 151 1.86 1.25 111
C28 0.95| 1.05| 1.17| 1.21, 1.14| 132 158 1.54| 1.64| 159/ 157, 150 160 1.70/ 1.73| 1.88| 1.87| 2.06 1.50 111
C30 1.06| 1.36) 1.23| 145 142 157 185 1.89] 182 1.74/ 193 1.83] 197 1.76| 1.86| 1.87| 2.17| 2.43 1.73 111
C31 0.74| 0.86| 0.92| 1.06) 1.03] 1.07| 1.39| 1.25| 1.27| 1.18 1.15 1.20, 1.38 1.38 148 1.57| 1.57| 1.83 1.24 111
C36 091 0.97| 100y 118 1.23) 1.38] 153 156, 1.51| 135 1.44| 1.33] 1.52| 1.62| 163 1.69 1.70| 2.05 1.42 111
C37 0.82| 0.85| 1.01| 1.14) 1.05| 1.15 1.44| 1.33| 1.40| 1.27| 1.19) 1.19 143 136 147 164 1.64 1.97 1.30 111
C38 0.80| 0.98| 1.01) 1.17| 1.08 1.24| 142 135 149 125 131 1.37| 148 145 163 1.60 1.64| 1.98 1.35 111
C44 0.77/ 0.95| 0.98| 1.13| 1.14| 1.10| 1.46| 1.25| 1.28| 1.13| 1.41 1.44) 153 163 1.73] 184 190 2.04 1.37 111
C46 091 0.95 112} 1.16| 111, 1.24| 1.34| 141 154 130 1.34| 1.29] 150/ 1.48 1504 155 155/ 1.88 1.34 111
C49 1.01] 094/ 1.00{ 1.04 1.08 1.18 1.48 141 166/ 135 140 1.29 1.42| 145 156, 1.74 158 213 1.37 111
C50 0.68/ 0.79] 0.89/ 0.93| 0.98 1.19| 1.37| 139 138 136, 137 1.36|] 1.49| 145 151 157 151 1.88 1.28 111
C51 1.71) 160/ 1.62| 1.74 168 1.75 187 182 181 165/ 1.71] 1.72 1.87| 1.84| 176/ 1.89 1.74 2.16 1.77 111
C57 3.13| 3.33] 3.18| 3.42| 3.28) 3.40| 3.59| 3.56, 3.93| 3.62) 3.52| 3.53] 3.89| 3.72| 3.93] 3.91] 4.09| 3.99 3.61 111
C59 0.96| 0.92| 1.11| 1.20) 1.22| 1.28/ 1.49| 1.51| 1.41| 1.28 1.34 135 130 147 149 152/ 1.68 1.94 1.36 111
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Table 14. MEAN ABSOLUTE SCALED ERROR - SHORT

Methods 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average # Series
BO1 0.76 0.65 0.76 0.84 068 058 073 069 0.78 064 0.70 0.75 098 0.75 0.96 0.84 096 0.94 0.78 50
B02 0.80 0.63 0.77 094 069 057 064 073 062 066 0.75 0.64 090 0.66 0.89 0.87 0.79 0.92 0.75 50
BO3 0.78 0.71 0.71 0.86 078 059 0.71 064 058 063 0.65 0.76 1.00 0.72 0.87 0.86 091 0.88 0.76 50
B0O4 122 099 105 122 088 093 1.01 090 0.85 092 095 0.88 136 094 096 1.11 1.00 1.18 1.02 50
BO5 0.62 058 0.75 0.79 067 053 070 065 0.70 0.72 0.58 0.70 0.76 0.65 0.84 0.83 0.84 0.86 0.71 50
B0O6 0.75 0.70 0.77 095 0.76 053 074 073 064 073 0.65 0.74 098 0.79 0.81 0.87 085 1.06 0.78 50
BO7 0.67 0.66 0.66 081 065 053 070 056 0.66 0.69 0.68 0.70 0.87 0.63 0.67 0.77 0.75 0.86 0.70 50
B09 0.68 0.63 0.61 081 059 047 060 058 055 059 0.62 0.68 091 0.60 0.78 0.77 0.65 0.85 0.67 50
B10 0.75 095 0.73 092 076 061 094 098 0.76 082 0.70 096 1.12 1.15 0.92 0.98 0.93 1.00 0.89 50
B11 091 0.82 0.75 085 077 069 072 061 064 074 090 0.89 1.10 0.73 0.94 0.84 091 1.08 0.83 50
B12 104 088 087 122 073 105 091 091 0.88 0.78 113 0.73 129 074 098 095 1.01 1.58 0.98 50
B13 0.71 0.63 0.72 0.71 069 051 070 065 0.67 068 0.58 0.73 0.87 0.72 0.82 0.82 0.83 0.88 0.72 50
Co3 0.79 0.75 0.84 0.87 075 063 063 069 0.69 061 0.67 0.66 093 0.71 0.78 0.89 0.83 0.88 0.76 50
Ci11 0.70 0.68 0.67 0.80 069 054 062 066 0.75 067 0.76 0.84 1.15 0.80 1.10 1.16 101 1.17 0.82 50
C13 0.79 0.70 0.70 0.93 067 046 058 062 0.63 069 0.76 0.63 0.97 0.65 0.83 0.80 0.76 0.96 0.73 50
Ci15 114 101 099 115 092 0.76 097 0.84 096 0.85 084 085 124 099 104 090 0.95 1.17 0.98 50
C17 120 106 110 150 125 081 1.31 1.00 095 0.88 1.03 093 130 090 103 130 1.22 1.35 1.12 50
C20 0.80 0.81 0.67 0.66 065 060 078 068 0.73 0.79 0.81 098 1.23 0.89 093 1.09 105 1.10 0.85 50
C24 0.88 0.67 0.87 090 076 060 070 069 0.87 073 0.69 0.76 091 0.72 0.85 0.86 0.86 0.91 0.79 50
C26 0.77 0.75 0.80 092 065 061 069 068 0.85 0.77 0.67 0.71 0.97 0.67 0.85 0.93 0.79 0.93 0.78 50
c27 0.59 0.64 060 0.75 056 048 057 057 0.68 0.64 0.64 0.65 0.84 059 0.82 0.68 0.73 0.83 0.66 50
C28 091 0.67 082 085 075 066 081 076 081 090 091 0.79 094 0.87 106 096 0.88 1.03 0.85 50
C30 0.73 1.03 105 115 099 099 092 119 1.12 1.14 1.48 127 152 1.11 137 120 141 146 1.17 50
C31 0.79 0.79 0.69 0.87 061 062 077 063 054 064 069 0.74 096 0.73 0.83 0.85 0.82 0.87 0.75 50
C36 0.96 0.70 0.87 105 096 077 084 095 1.02 081 097 0.73 1.05 1.01 1.08 1.07 107 121 0.95 50
C37 108 083 092 116 079 080 1.02 0.83 0.77 0.80 0.81 0.79 122 084 085 104 105 1.14 0.93 50
C38 091 0.78 0.78 095 0.77 069 079 074 073 0.76 0.80 0.85 1.22 0.84 1.07 1.02 098 1.09 0.88 50
C4a4 0.83 0.85 0.80 107 072 069 090 071 070 0.79 1.01 1.10 1.12 1.12 114 116 113 1.09 0.94 50
C46 0.71 059 0.72 0.86 067 051 059 068 0.73 058 0.62 0.66 0.80 0.68 0.78 0.80 0.75 0.85 0.70 50
C49 0.98 055 0.70 0.81 072 062 064 073 088 072 081 0.72 092 0.70 0.84 090 0.75 114 0.79 50
C50 0.70 0.62 063 0.71 055 046 061 062 056 063 064 0.74 1.06 0.63 0.85 0.77 0.72 0.90 0.69 50
C51 106 086 100 106 100 0.79 099 0.87 1.03 0.81 0.87 0.89 108 089 096 1.04 0.90 1.16 0.96 50
C57 094 106 091 149 108 106 1.12 101 151 1.15 0.82 120 173 127 164 129 203 151 1.27 50

C59 0.68 0.61 0.79 083 074 069 0.78 077 077 067 0.77 093 0.80 092 098 091 103 1.08 0.82 50
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Table 15. MEAN ABSOLUTE SCALED ERROR - LONG

Methods 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18| Average| # Series
BO1 1.43| 1.75 211 2.03) 2.39| 271 291 277 333 3.10| 3.60| 3.94| 4.47 512 6.15 755/ 8.53 9.85 4.10 50
B02 0.72) 1.17| 1.64| 195/ 255/ 3.07| 3.45| 3.50| 3.79| 3.49| 3.60, 4.00, 4.26] 4.51| 4.81| 5.03| 5.25| 5.74 3.47 50
BO3 0.47, 0.72| 090/ 0.93] 1.15 1.47 187 1.84| 198 1.72| 1.67 159 158 194 216| 232 252| 3.13 1.66 50
B0O4 0.89) 0.92| 1.23] 145/ 1.72| 2.12| 2.60| 2.41| 229 1.93| 1.73) 1.60 191 2.02| 2.32| 247, 2.66| 3.33 1.98 50
BO5 0.62) 0.76/ 1.02| 0.97| 1.13| 1.67, 1.94| 195 204 1.75 1.86) 1.85 1.82| 196/ 2.21| 232 249 3.04 1.74 50
B0O6 0.51, 0.74| 1.02| 1.00| 1.15| 151, 1.97| 1.99| 2.11] 1.85/ 1.80, 1.75 1.80| 2.04| 2.33| 2.47| 2.63| 3.27 1.77 50
BO7 0.55/ 0.72| 0.92| 0.94| 1.19| 1.43} 1.88| 1.84| 2.03] 1.60/ 1.50 1.60 1.65 1.85 1.97| 222 226/ 293 1.61 50
B09 0.68/ 0.81| 0.91| 0.97| 1.14| 152, 1.94| 1.92| 203 1.75/ 1.59 1.61 1.67| 1.84| 2.13| 2.20| 2.27| 2.87 1.66 50
B10 1.02| 1.01| 1.36/ 1.25 1.54| 2.06| 2.21| 2.26) 2.29) 1.89| 1.94| 2.11| 222 2.06 234 240/ 2.67| 3.26 1.99 50
B11 0.97, 0.99| 1.19] 1.24| 1.40| 1.75| 2.18| 2.15| 251 2.15| 217 2.01 2.13] 238 2.77| 3.07| 3.19| 3.60 2.10 50
B12 231 2.01) 2.09| 1.93| 224| 2.72| 266/ 271 3.13 250 251| 252 279 274 274 299 2.68 3.70 2.61 50
B13 0.70, 1.00/ 1.16| 1.21| 1.43| 1.97, 2.19| 2.19| 2.34| 1.99| 1.91, 2.03| 2.16| 258 2.71| 2.79| 2.93| 3.42 2.04 50
Co3 0.66/ 0.78/ 0.98| 102/ 1.11| 151, 1.93| 1.89| 212 1.65 1.60 1.65 1.73] 198 2.18| 2.36| 2.40| 3.04 1.70 50
Ci11 1.51| 1.80| 2.03] 2.37, 2.85| 3.19| 3.26| 2.92) 2.78| 2.43| 2.07| 1.93] 2.08 2.22| 2.24| 251| 2.80| 3.69 2.48 50
C13 0.87) 1.07| 1.15 1.05/ 1.30| 1.70, 2.01| 2.08| 2.39| 1.87| 1.78 1.79| 1.73] 1.89| 2.10| 2.29| 2.33| 2.95 1.80 50
C15 0.99, 1.22| 1.37| 151 1.71] 2.00) 2.45| 2.44| 2.39| 2.03| 2.04 2.02| 2.06| 2.42| 255 2.64 2.80| 3.43 2.12 50
C17 2,25 2.04) 1.84| 2.22| 2.34| 3.01| 2.88 259 249 217 2.29| 2.28 226 250 228 260 255 357 2.45 50
C20 0.78/ 0.86| 1.13] 1.28| 1.42| 1594 2.07| 195 219 1.92| 1.83) 1.98 1.94| 2.06| 2.23] 2.36/ 2.55| 281 1.83 50
C24 1.16| 1.21| 1.36/ 1.53] 1.64| 2.18| 2.36| 2.29 2.64 2.24| 222| 2.07| 2.10 2.29| 2.44| 2.84| 2.83| 3.46 2.16 50
C26 1.05| 1.20| 1.31| 1.58, 1.86| 2.05| 2.22| 2.24) 223 1.87| 1.78| 1.99| 2.06, 2.12| 2.31| 242| 2.37| 281 1.97 50
c27 0.86) 1.10, 1.33] 147/ 1.61| 1.80) 2.13| 2.08 231 2.03| 1.86, 1.82| 1.89] 2.09] 2.35 239 247 3.08 1.93 50
C28 1.04| 1.31| 1.48| 1.64, 1.65| 2.02| 2.50| 2.30) 2.59| 2.36| 2.27| 2.35| 2.30, 2.48 255/ 3.00| 3.08/ 3.28 2.23 50
C30 1.24| 1.68| 1.44| 171 1.88| 223 289 273 273 252| 243| 255/ 253 236 242 2.63| 3.01| 3.56 2.36 50
C31 0.73/ 0.88| 1.12| 1.25| 1.48| 158 2.11| 1.96| 2.15 1.80| 1.63) 1.75 1.80| 1.98| 2.18| 2.34| 2.47| 3.03 1.79 50
C36 0.94 1.22| 120/ 1.39| 1.60| 2.12) 2.32| 2.22| 211} 1.99| 1.90 2.02| 2.09] 228 238 253 253 311 2.00 50
C37 0.67, 0.84| 1.14| 1.16| 1.36| 1.60) 2.01| 1.94| 2.14| 1.86| 1.56, 1.70| 1.69| 1.86| 2.14| 2.31 2.37| 2.97 1.74 50
C38 0.80, 1.22| 1.28] 141| 151 192, 2.14| 2.03| 241 190 1.85 2.02| 1.85 213 2.33] 232 248 3.09 1.93 50
C44 0.76/ 0.99/ 1.16| 1.25| 1.60| 1.60| 2.15| 1.90| 2.05| 1.64| 1.92) 1.97| 2.07| 2.19| 2.49| 2.72| 2.95| 3.24 1.93 50
C46 1.19] 1.25| 1.54| 155 1.68 2.08 226/ 224 246, 2.09| 206/ 2.00] 2.24 228 231 242 250 3.09 2.07 50
C49 1.11| 1.16| 1.29| 1.27, 1.46| 1.74 2.31] 2.15 249 205 198/ 1.93] 1.98 2.12| 245 275 251 3.24 2.00 50
C50 0.70, 0.89| 1.15] 1.20| 1.50| 2.04, 2.29| 2.32| 2.31] 2.24| 213 2.05 201 228 229 253 241 3.03 1.97 50
C51 242| 232 225| 248 253| 2.81| 291 2.85 267 252 248 257 264 268 258 280 2.69 3.28 2.64 50
C57 470/ 4.82| 4.81| 4.73] 4.83 5.18 548 547, 580/ 551 558 538 561 545 571 590 565 6.00 5.37 50
C59 1.33] 1.26| 1.51| 1.70, 1.80| 2.02| 2.37| 234, 221 205 198/ 1.87| 1.88 2.04/ 2.11| 2.31| 2.55/ 3.08 2.02 50
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Table 16. MEAN ABSOLUTE SCALED ERROR - seasonal

Methods 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average # Series

BO1 0.73 086 0.88 086 101 092 090 089 110 080 099 111 133 127 119 110 116 1.19 1.02 50
B02 058 0.60 068 070 075 074 076 0.88 103 090 098 100 140 130 139 144 139 143 1.00 50
BO3 056 0.71 057 060 0.76 073 074 069 064 062 062 075 087 084 0.78 074 092 1.03 0.73 50
BO4 120 114 110 133 129 155 154 146 120 117 111 080 152 116 130 142 141 1.66 1.30 50
BO5 053 064 064 063 074 073 067 079 081 073 066 074 086 084 081 079 0.85 1.02 0.75 50
B0O6 0.54 064 068 068 0.70 059 0.75 065 0.75 070 0.66 0.76 098 0.86 0.83 092 0.81 1.05 0.75 50
BO7 0.53 066 058 061 068 062 071 059 0.76 059 0.64 0.70 087 0.76 057 0.76 0.72 0.89 0.68 50
B09 0.51 060 053 055 054 058 063 061 067 054 058 061 089 066 0.75 0.75 0.68 0.84 0.64 50
B10 0.80 107 081 0.78 092 084 138 123 097 091 0.88 103 141 134 115 114 102 1.30 1.05 50
B11 091 081 0v5 079 082 082 083 081 106 084 102 093 125 104 118 114 120 131 0.97 50
B12 140 124 115 132 122 138 142 109 142 111 156 123 153 130 124 154 121 173 1.34 50
B13 060 0.73 068 057 068 065 077 087 083 074 059 077 094 105 103 099 097 111 0.81 50
Co03 062 072 071 071 068 074 067 0.71 081 065 069 068 095 086 0.77 099 0.83 0.97 0.76 50
c11 0.70 065 0.65 0.64 0.74 066 0.76 0.68 081 062 0.67 069 104 085 0.87 0.82 0.83 0.93 0.76 50
C13 066 0.75 0.60 0.66 058 062 0.69 083 088 069 0.67 0.63 098 084 0.88 095 0.88 1.01 0.77 50
C15 094 095 0.88 095 088 093 098 087 1.00 093 100 100 129 125 100 0.95 096 1.30 1.00 50
C17 143 141 131 172 164 154 184 139 121 093 109 128 143 132 121 144 146 174 1.41 50
C20 069 073 059 056 068 070 088 0.77 088 087 087 097 129 102 107 113 1.19 117 0.89 50
C24 079 081 085 087 093 087 09 08 121 088 089 092 108 101 086 1.15 1.00 1.18 0.95 50
C26 075 079 076 083 077 084 082 084 108 088 0.77 093 121 089 106 117 091 0.99 0.90 50
c27 053 066 061 063 062 064 065 066 086 064 070 064 088 0.76 0.80 080 0.83 0.99 0.72 50
Cc28 082 083 0.8 084 089 080 0.87 087 1.06 105 102 097 112 107 101 119 112 1.22 0.98 50
C30 0.73 100 0.79 108 105 132 129 115 127 126 149 140 162 136 147 126 135 145 1.24 50
C31 0.70 0.75 0.60 0.65 0.72 0.75 0.78 0.63 0.69 0.67 066 0.77 1.02 083 0.74 0.82 0.86 0.93 0.75 50
C36 080 0.79 092 091 099 102 100 102 1.09 093 105 092 116 127 111 1.18 110 1.34 1.03 50
C37 082 083 072 091 081 086 090 086 090 090 0.78 082 113 092 0.83 1.03 0.99 117 0.90 50
C38 071 074 066 078 081 076 078 0.71 097 0.77 084 086 109 106 106 1.15 1.03 114 0.88 50
C44 059 072 059 073 068 068 077 073 075 0.72 093 103 127 119 098 113 128 124 0.89 50
C46 062 069 071 078 078 072 074 0.76 097 070 074 0.77 101 094 0.84 094 0.83 0.99 0.81 50
C49 1.08 082 080 081 082 070 099 095 138 093 095 095 118 102 1.02 120 0.87 117 0.98 50
C50 063 069 063 061 071 069 079 068 0.78 070 0.81 0.78 121 096 0.86 0.97 0.87 1.02 0.80 50
C51 130 126 118 137 139 121 138 127 124 103 114 127 143 130 120 144 125 148 1.29 50
C57 088 128 114 137 120 118 127 133 173 115 114 138 164 133 169 150 189 1.68 1.38 50

C59 0.69 0.73 0.80 0.77r 085 084 077 097 101 075 090 110 093 1.09 099 092 1.00 1.09 0.90 50
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Table 17. MEAN ABSOLUTE SCALED ERROR - Non-Sea sonal

Methods 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average # Series

BO1 147 154 199 201 205 237 274 257 3.02 295 330 358 412 461 592 7.29 833 9.60 3.86 50
B02 093 119 172 218 249 291 333 334 338 325 337 364 376 388 431 446 4.64 5723 3.22 50
BO3 068 072 104 118 118 133 185 179 192 173 169 161 170 182 224 243 252 298 1.69 50
BO4 090 0.77 117 134 131 150 206 184 194 167 157 168 176 181 197 216 225 284 1.70 50
BO5 072 070 1.14 113 106 147 197 181 194 174 178 180 171 177 224 236 249 289 1.71 50
B0O6 071 079 111 127 121 145 196 207 200 188 179 173 180 197 231 242 267 3.28 1.80 50
BO7 069 072 100 114 116 134 187 181 194 170 154 160 165 1.71 207 222 229 290 1.63 50
B09 085 084 099 123 119 142 191 188 192 180 163 169 169 1.78 217 223 224 2389 1.69 50
B10 097 089 127 139 137 184 178 201 208 181 177 2.04 193 188 211 224 258 296 1.83 50
B11 097 100 119 130 135 162 207 195 210 206 205 198 198 207 254 277 290 3.38 1.96 50
B12 195 165 181 183 175 239 215 252 259 217 208 202 255 218 248 239 248 3.55 2.25 50
B13 080 090 121 135 144 183 212 197 218 194 190 199 209 225 250 262 279 319 1.95 50
Co03 084 081 111 118 118 140 189 187 199 161 158 163 171 183 219 226 240 296 1.69 50
c11 151 183 205 253 280 3.07 313 291 273 248 217 208 218 217 247 285 297 3.93 2.55 50
C13 1.00 103 125 132 140 153 191 188 214 187 187 1.79 172 169 205 214 222 290 1.76 50
C15 118 127 148 172 175 183 244 242 235 196 188 187 201 216 258 259 279 3.30 2.09 50
C17 202 169 162 200 195 228 235 220 223 212 222 194 213 207 210 247 232 3.18 2.16 50
C20 089 094 121 138 139 148 197 186 204 184 176 199 189 192 209 233 241 274 1.79 50
C24 125 107 138 156 146 190 210 213 230 208 202 191 193 200 244 255 270 3.19 2.00 50
C26 108 116 135 167 174 182 208 208 200 176 168 177 182 190 210 219 225 275 1.85 50
c27 092 109 132 159 155 164 206 199 213 202 179 183 185 192 237 226 237 291 1.87 50
Cc28 113 115 145 165 151 188 244 219 234 221 215 217 211 228 260 277 284 3.09 2.11 50
C30 124 171 170 178 182 190 252 277 258 240 242 241 244 211 231 256 3.06 3.56 2.29 50
C31 082 093 121 148 137 144 210 19 201 178 165 172 174 188 228 237 244 297 1.79 50
C36 1.09 113 114 152 157 188 216 215 204 187 182 183 198 202 235 242 250 298 191 50
C37 092 084 134 140 134 154 212 191 201 176 159 167 177 178 216 232 243 294 1.77 50
C38 100 126 139 159 146 185 216 206 217 189 181 201 198 191 234 219 244 3.05 1.92 50
C44 101 112 137 159 165 162 228 189 200 170 200 204 191 211 265 275 281 3.09 1.98 50
C46 128 1.15 154 163 157 187 211 216 222 197 194 190 203 203 225 228 241 295 1.96 50
C49 101 090 119 128 136 167 196 193 198 185 184 170 1.72 181 227 244 239 321 1.81 50
C50 078 082 116 131 134 181 211 226 209 217 196 201 186 195 228 234 226 2091 1.86 50
C51 219 192 207 216 214 239 252 245 246 230 221 219 229 227 234 239 234 296 2.31 50
C57 476 4.60 458 485 472 506 533 515 558 551 526 520 570 540 566 569 579 5.83 5.26 50

C59 132 115 150 176 168 187 238 214 197 197 185 170 174 187 210 230 258 3.07 1.94 50
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Table 18. Median RAE 111 series

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average #Series

BOO 086 1.09 084 076 076 084 073 084 088 091 104 099 101 093 099 097 0.88 1.00 0.91 111
BO1 109 139 091 089 095 095 080 111 104 091 104 105 134 114 121 106 1.02 117 1.06 111
B02 090 092 091 097 101 087 092 092 100 093 100 106 104 0.88 1.09 1.03 094 1.04 0.97 111
BO3 0.74 091 087 084 092 087 085 079 084 072 095 094 090 0.86 1.00 098 1.04 1.00 0.89 111
BO4 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 1.00 1.00 1.00 1.00 111
BO5 074 099 093 083 076 090 071 094 089 100 103 100 109 0.86 1.03 100 0.90 1.07 0.93 111
BO6 079 092 088 088 088 072 077 09 094 100 100 100 096 094 099 093 098 1.02 0.92 111
BO7 083 086 074 077 085 082 089 078 092 090 091 099 098 092 091 093 0.89 0.97 0.88 111
B09 0.77 088 066 074 071 079 073 080 085 095 090 091 091 071 091 0.87 0.79 0.96 0.82 111
B10 098 114 099 086 099 096 094 105 108 106 098 126 116 104 112 100 096 1.16 1.04 111
B11l 120 121 098 076 083 106 086 090 104 104 109 105 116 089 130 114 111 102 1.04 111
B12 178 181 107 121 112 138 113 141 143 150 168 111 154 131 126 118 102 1.36 1.35 111
B13 080 115 08 0.71 088 083 083 088 103 095 089 104 102 105 120 097 103 1.17 0.96 111
Co3 086 100 082 0.76 0.76 085 087 099 102 095 100 096 100 093 093 094 091 1.12 0.93 111
Cc11 095 115 0.76 0.77 097 084 068 102 096 097 093 091 111 095 089 085 0.85 1.09 0.92 111
C13 097 097 083 079 072 081 082 101 109 098 097 088 097 0.89 103 087 082 1.01 0.91 111
C15 141 124 100 093 104 103 129 110 112 102 101 100 120 123 120 1.15 1.06 1.04 1.12 111
C17 169 169 147 133 149 139 128 143 133 109 127 145 136 116 109 128 124 126 1.35 111
C20 090 101 083 075 084 084 091 100 098 101 109 120 121 095 104 108 098 117 0.99 111
C24 118 126 100 093 091 092 083 103 109 104 103 098 097 106 106 112 092 0.96 1.02 111
C26 091 110 094 086 086 100 084 119 105 108 085 097 116 105 111 109 098 0.92 1.00 111
c27 087 098 0.76 084 078 075 077 08 075 091 086 087 092 0.72 094 0.77 079 0.92 0.84 111
Cc28 116 114 108 096 0.77 109 114 109 106 140 128 115 120 117 130 112 110 115 1.13 111
C30 110 159 102 114 133 128 118 143 136 154 180 156 157 135 136 120 151 125 1.36 111
C31 083 127 083 097 098 083 09 101 087 093 095 100 100 094 101 1.05 0.90 0.98 0.96 111
C36 112 130 102 093 110 107 089 130 108 105 120 110 127 116 110 114 117 121 1.12 111
C37 096 096 103 098 091 101 093 101 099 100 098 100 107 099 1.02 1.04 1.04 1.00 1.00 111
C38 102 106 086 091 086 116 091 093 103 095 107 101 110 093 108 094 103 1.06 1.00 111
C44 103 126 09 088 104 088 103 092 080 097 107 119 114 124 116 130 1.15 1.07 1.06 111
C46 103 092 093 077 08 080 076 098 099 097 090 100 1.11 107 090 098 0.89 1.00 0.94 111
C49 123 098 091 078 092 089 078 114 143 109 125 116 136 094 105 101 0.88 1.18 1.05 111
C50 08 078 077 078 079 084 069 103 095 099 097 101 109 092 091 091 090 1.07 0.90 111
C51 188 153 118 104 128 108 099 134 120 146 138 138 143 119 112 116 105 121 1.27 111
C57 150 172 138 135 140 119 116 130 182 165 154 151 171 164 159 141 175 166 1.52 111

C59 093 100 100 091 104 096 089 107 091 087 100 100 100 1.07 103 1.14 1.02 1.04 0.99 111
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Table 19. Average Ranking 111 Series - All method s

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average

BOO 16.0 164 166 147 160 164 153 16.7 157 159 168 165 162 176 168 175 163 16.7 16.3
BO1 187 189 186 190 178 180 16.7 170 177 164 180 178 19.2 189 188 182 191 183 18.2
B02 169 163 175 185 185 174 162 180 176 169 178 177 172 168 185 176 185 18.0 17.5
BO3 13.8 149 150 151 174 155 157 153 132 146 152 152 149 148 160 155 174 159 15.3
B0O4 217 196 209 226 205 223 212 204 194 20.1 188 172 20.7 19.7 201 212 19.7 198 20.3
B0O5 143 151 172 156 16.2 166 152 166 159 16.7 164 170 150 155 163 16.1 175 16.3 16.1
B0O6 13.7 154 168 168 16.1 148 165 163 155 180 165 166 166 171 174 165 175 184 16.5
BO7 142 148 148 144 160 151 158 146 152 147 149 158 145 150 142 149 151 152 15.0
B09 144 144 139 149 139 146 139 151 142 159 152 150 149 138 154 145 131 146 145
B10 181 188 193 176 188 191 193 194 183 185 172 200 190 179 178 187 175 19.0 18.6
B11 19.7 184 179 174 174 186 172 166 182 184 196 183 185 173 201 189 190 193 18.4
B12 236 234 214 224 202 234 210 208 229 221 232 203 223 206 196 212 195 220 21.7
B13 16.0 172 176 145 174 165 166 173 164 163 156 175 164 185 182 172 179 165 16.9
Co03 150 162 168 164 163 165 159 166 16.7 157 156 151 158 164 156 168 16.7 16.7 16.2
c11 183 161 160 161 176 165 16.7 169 180 171 161 162 179 168 176 16.7 16.2 18.0 16.9
C13 173 178 163 163 162 158 160 183 177 168 168 160 166 164 17.0 16.1 163 17.2 16.7
C15 206 213 193 196 196 189 226 205 191 188 189 180 188 208 194 180 187 194 19.6
C17 248 239 234 253 234 224 240 217 215 196 213 217 223 214 188 216 208 218 22.2
C20 165 171 171 157 169 172 187 168 179 19.0 187 199 190 186 19.0 187 192 185 18.0
C24 199 183 192 189 185 181 176 175 199 182 182 175 172 17.1 16,7 182 186 16.6 18.1
C26 180 189 186 196 182 180 176 187 193 175 169 180 188 180 187 193 171 165 18.2
c27 140 16.7 158 16.2 154 155 149 152 160 16.0 153 159 152 148 172 13.7 154 151 155
Cc28 199 196 193 192 169 193 204 191 198 222 203 198 18.7 206 19.7 193 189 187 195
C30 186 224 198 204 212 215 224 214 204 218 235 229 218 213 218 210 220 20.7 214
C31 166 171 173 185 168 165 184 16.2 143 167 164 167 174 168 166 17.2 16.7 16.7 16.8
C36 186 190 176 185 195 199 187 201 192 186 201 180 190 195 180 188 188 188 18.9
C37 184 174 189 198 176 182 199 186 175 186 16.7 163 183 166 174 190 190 18.2 18.1
C38 6.8 1v.7 180 185 178 185 183 181 187 173 170 183 176 174 177 170 176 174 17.8
C44 171 186 166 180 183 16.7 187 160 151 16.6 187 188 174 199 19.2 19.2 189 174 17.9
C46 169 155 170 170 16.7 16.7 144 169 179 166 16.7 16.7 158 165 155 156 161 16.0 16.4
C49 207 1vo0 177 171 179 172 186 190 206 189 20.2 175 185 176 174 194 165 198 18.4
C50 155 147 155 142 151 162 156 175 160 180 173 177 184 165 175 166 16.6 17.6 16.5
C5h1 251 227 226 213 232 209 209 206 208 206 208 211 213 207 191 199 186 1938 211
C57 226 223 221 225 226 228 218 215 259 232 217 229 229 238 227 228 240 215 22.8

C59 177 162 176 176 183 183 175 191 177 177 177 201 164 191 183 172 196 17.8 18.0
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Table 20. Average Ranking 111 Series - All Benchm  arks

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average
BOO 6.7 6.6 6.6 6.1 6.4 6.7 6.4 6.8 6.6 6.6 6.8 6.6 6.6 7.2 6.5 7.0 6.4 6.6 6.6
BO1 7.7 7.7 7.3 7.7 7.1 7.1 6.9 6.9 7.5 6.6 7.3 7.2 7.7 7.6 7.6 7.1 7.6 7.3 7.3
B02 7.1 6.8 7.0 7.6 7.5 6.9 6.7 7.2 7.1 6.9 7.3 7.2 7.0 6.8 7.3 6.9 7.3 7.1 7.1
BO3 5.9 6.2 6.2 6.3 7.1 6.4 6.6 6.3 5.4 5.9 6.2 6.2 6.1 6.1 6.4 6.3 7.0 6.5 6.3
BO4 8.8 7.9 8.3 8.9 8.2 8.6 8.5 8.3 7.8 8.1 7.5 7.0 8.2 8.0 7.9 8.3 7.8 7.7 8.1
B0O5 6.0 6.3 6.9 6.3 6.5 6.6 6.4 6.9 6.7 6.7 6.8 7.0 6.1 6.6 6.6 6.4 7.1 6.5 6.6
B0O6 5.7 6.2 6.7 6.8 6.5 6.1 6.7 6.6 6.5 7.3 6.6 6.7 6.7 6.8 6.9 6.8 7.0 7.2 6.7
BO7 5.9 6.0 6.0 6.1 6.5 6.1 6.5 6.0 6.3 6.0 6.1 6.4 6.1 6.0 5.6 6.1 6.1 6.0 6.1
B09 6.1 6.1 5.6 6.1 5.6 5.8 5.8 6.2 6.1 6.6 6.3 6.1 6.2 5.7 6.2 59 5.2 59 6.0
B10 7.4 7.7 7.9 7.3 7.6 7.5 7.8 7.8 7.6 7.5 6.9 8.3 7.6 7.2 7.0 7.4 7.0 7.5 7.5
B11 7.9 7.4 7.2 7.0 7.0 7.4 7.1 6.7 7.5 7.3 7.8 7.4 7.4 7.1 8.3 7.5 7.6 7.6 7.4
B12 9.3 9.2 8.5 8.9 8.0 9.1 8.5 8.2 9.2 8.8 9.1 8.0 8.8 8.3 7.7 8.2 7.8 8.5 8.6

B13 6.7 7.0 7.0 6.1 7.0 6.6 7.0 7.0 6.9 6.7 6.5 7.1 6.7 7.6 7.2 7.0 7.2 6.6 6.9
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Table 21. Average Ranking 111 Series - All Compet itors

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average
Co03 93 100 106 101 103 104 9.6 10.2 103 9.8 9.7 9.3 99 101 99 105 106 105 10.1
Cc11 11.3 102 103 101 111 104 103 105 110 10.7 101 102 111 103 111 10.7 103 11.2 10.6
C13 108 11.0 102 101 10.1 9.9 97 113 108 105 105 101 104 102 10.7 101 102 111 10.4
C15 127 131 123 122 123 119 139 129 117 118 118 113 119 131 122 112 117 122 12.2
C17 155 151 146 159 147 141 149 135 134 124 135 137 139 135 120 135 130 137 13.9
C20 10.2 10.6 10.6 98 106 109 117 105 112 120 117 125 120 117 120 119 121 119 11.3
C24 123 114 121 118 115 115 110 109 122 112 112 110 10.7 105 106 114 116 105 11.3
C26 112 116 117 121 114 113 108 114 120 108 106 11.3 118 111 118 122 108 103 11.4
c27 8.7 104 99 101 9.7 9.8 9.3 9.5 99 10.0 9.6 9.9 9.4 9.2 109 8.7 9.7 9.6 9.7
Cc28 125 123 123 121 108 122 127 119 122 138 127 124 116 129 124 121 119 117 12.2
C30 116 140 126 128 132 136 139 134 127 136 146 143 135 133 137 132 138 132 134
C31 10.2 104 106 114 105 104 112 101 89 103 102 105 108 106 103 110 105 10.6 10.5
C36 114 118 110 115 123 126 116 124 117 115 126 111 119 121 115 117 119 118 11.8
C37 115 108 120 122 108 115 123 115 109 116 105 101 114 102 110 119 120 115 11.3
C38 104 1121 113 115 112 116 111 113 115 108 106 114 109 108 113 108 11.0 109 111
C44 104 116 104 111 115 105 116 10.2 93 104 117 116 110 123 120 120 119 111 111
C46 10.3 9.7 108 105 104 105 88 106 109 103 101 104 99 10.2 9.9 9.7 101 101 10.2
C49 129 10.7 111 107 112 109 114 119 128 118 126 109 114 110 110 123 104 126 115
C50 9.6 9.2 9.8 8.8 9.4 10.0 9.7 109 98 113 109 110 115 103 110 105 105 111 10.3
C5h1 156 141 141 133 145 133 132 129 130 128 130 132 134 130 120 125 117 125 13.2
C57 139 139 139 141 141 143 136 135 160 144 138 143 144 150 143 143 151 136 14.2

C59 110 102 110 109 114 115 108 118 108 111 112 126 104 118 115 108 122 114 11.3
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Table 22. Average Ranking 111 Series - All STAT Benchmarks

METHODS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Average
B0O4 6.2 5.6 5.9 6.2 5.8 6.0 6.0 5.8 55 5.6 5.3 4.9 5.8 5.7 5.6 59 55 5.4 5.7
B0O5 4.3 4.4 4.8 4.5 4.7 4.6 4.4 4.8 4.6 4.7 4.8 4.9 4.3 4.6 4.7 4.5 5.0 4.6 4.6
BO6 4.1 4.4 4.7 4.8 4.7 4.3 4.7 4.8 4.5 5.0 4.7 4.8 4.7 49 4.8 4.8 5.0 51 4.7
BO7 4.2 4.3 4.2 4.3 4.7 4.4 4.6 4.3 4.4 4.1 4.4 4.5 4.3 4.3 3.9 4.3 4.5 4.3 4.3
BO9 4.3 4.3 3.9 4.3 4.0 4.2 4.1 4.5 4.2 4.6 4.4 4.3 4.3 4.0 4.4 4.1 3.8 4.1 4.2
B10 5.2 54 5.4 5.2 5.4 53 5.6 54 5.2 5.2 4.9 5.8 5.4 5.2 5.0 5.2 5.0 53 53
Bl11l 55 5.2 5.2 5.0 4.9 5.2 5.0 4.7 5.3 51 5.6 5.2 5.3 51 5.9 5.4 55 5.4 5.2
B12 6.4 6.5 5.9 6.3 5.8 6.4 5.9 5.8 6.4 6.2 6.4 55 6.2 5.8 55 5.8 55 6.0 6.0

B13 4.8 5.0 5.0 4.5 51 4.7 4.9 4.9 4.8 4.7 4.7 5.0 4.8 5.3 5.2 5.0 51 4.7 4.9
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Table 23. Multiple Comparison with the Mean (ANOM)  Average Ranking 111 Series - All Methods

H0_05,35 =3.135 00535111 = 3.049 Interval = [ 18.-3.049; 18+3049] = [14951,21049]
Min Endpoint of the Max Endpoint of the Significantly Worse Significantly Better than
METHODS Average Interval Interval than Average Average

1 BOO 16.33 14.951 21.049 No No
2 BO1 18.17 No No
3 BO2 17.54 No No
4 BO3 15.30 No No
5 B0O4 20.33 No No
6 BO5 16.07 No No
7 BO6 16.48 No No
8 BO7 14.96 No No
9 B09 14.53 No Yes
10 B10 18.57 No No
11 B11 18.37 No No
12 B12 21.65 Yes No
13 B13 16.87 No No
14 Co3 16.15 No No
15 C11 16.94 No No
16 C13 16.70 No No
17 Ci15 19.57 No No
18 C17 22.20 Yes No
19 C20 18.03 No No
20 Cc24 18.11 No No
21 C26 18.20 No No
22 c27 15.47 No No
23 Cc28 19.54 No No
24 C30 21.39 Yes No
25 C31 16.80 No No
26 C36 18.92 No No
27 C37 18.14 No No
28 C38 17.75 No No
29 Ca4 17.85 No No
30 C46 16.35 No No
31 C49 18.41 No No
32 C50 16.48 No No
33 Ch1 21.11 Yes No
34 C57 22.75 Yes No

35 C59 17.98 No No



IIF/ISAS Grant 2005/6 Research Report — April 2008

Figure 1.

Analysis of Means (  ANOM)
Average ranks of 35 methods over 111 series
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Table 24. Multiple Comparison with the Mean (ANOM) Average Ra

METHODS
Co03
C11
C13
C15
C17
C20
C24
C26
c27
C28
C30
C31
C36
C37
C38
C44
C46
C49
C50
C51
C57
C59

r 005,222,111 = 1.832

Average
10.06
10.59
10.42
12.24
13.92
11.32
11.30
11.35
9.68
12.24
13.39
10.47
11.80
11.31
11.08
11.13
10.18
11.52
10.29
13.22
14.24
11.25

Competitors

) ] . Significantl
Min Endpoint of Max Endpoint W%rse thar)1/

the Interval of the Interval Average
9.668 13.332 No
No
No
No
Yes
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes
No
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nking 111 Series - All

Interval = [ 11.5-1.832; 11.5+1.832] = [9.668;13.332]

Significantly Better
than Average

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
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Figure 2.

Analysis of Means (  ANOM)
Average Ranks of 22 Competitors over 111 series
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Table 25. Multiple Comparison with the Mean (ANOM) Average Ra  nking 111 Series - All

Benchmarks

H0,05’13 =2.757 l0.05,13,111 = 1.019 Interval = [ 7-1.019; 7+1019] = [5981,8019]

) ) ) Significantly

Min Endpoint of Max Endpoint of  gjgnificantly worse Better than

METHODS Average the Interval the Interval than Average Average

1 B0OO 6.62 5.981 8.019 No No
2 BO1 7.33 No No
3 B02 7.09 No No
4 BO3 6.28 No No
5 BO4 8.10 Yes No
6 B0O5 6.57 No No
7 B0O6 6.66 No No
8 BO7 6.09 No No
9 B09 5.97 No Yes
10 B10 7.49 No No
11 B11 7.41 No No
12 B12 8.55 Yes No
13 B13 6.86 No No
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Figure 3.

Analysis of Means (  ANOM)
Average Ranks of 13 Benchmarks over 111 series

9.0

8.5 A

8.0 -

~N

(6]
!
[ J

Average Rank
N
o
o

o
o
—@
o

60 U @ T T T T mrmmrmmimmmmmm

5.5 4

5.0 T T T T T T T T T T T
BOO BO1 B02 BO3 BO4 BO5 BO6 BO7 B09 B10 Bl1 B12 B13



IIF/ISAS Grant 2005/6 Research Report — April 2008

Table 26. Multiple Comparison with the Best (MCB ) Average Ranks 35 methods - 111 Series - Horizon 12

d0.05,35 =5.408 l0.0535111 = 5.26 Interval +/- 5.26/2
METHODS Min Interval Rank Horizon12 Max Interval Sig.worse than the best

1 BOO 13.87 16.50 19.13 NO

2 BO1 15.19 17.82 20.45 NO

3 BO2 15.07 17.70 20.33 NO

4 BO3 12.60 15.23 17.86 NO

5 B0O4 14.61 17.24 19.87 NO

6 BO5 14.36 16.99 19.62 NO

7 B0O6 14.00 16.63 19.26 NO

8 BO7 13.20 15.83 18.46 NO

9 B0O9 12.33 14.96 17.59 NO
10 B10 17.40 20.03 22.66 NO
11 B11 15.67 18.30 20.93 NO
12 B12 17.62 20.25 22.88 B12 YES
13 B13 14.87 17.50 20.13 NO
14 Cco3 12.44 15.07 17.70 NO
15 Ci11 13.58 16.21 18.84 NO
16 C13 13.35 15.98 18.61 NO
17 Ci15 15.39 18.02 20.65 NO
18 C17 19.10 21.73 24.36 C17 YES
19 C20 17.30 19.93 22.56 NO
20 C24 14.90 17.53 20.16 NO
21 C26 15.41 18.04 20.67 NO
22 c27 13.29 15.92 18.55 NO
23 C28 17.15 19.78 2241 NO
24 C30 20.30 22.93 25.56 C30 YES
25 C31 14.05 16.68 19.31 NO
26 C36 15.34 17.97 20.60 NO
27 C37 13.69 16.32 18.95 NO
28 C38 15.64 18.27 20.90 NO
29 C44 16.14 18.77 21.40 NO
30 C46 14.02 16.65 19.28 NO
31 C49 14.90 17.53 20.16 NO
32 C50 15.04 17.67 20.30 NO
33 C5h1 18.47 21.10 23.73 Cs1 YES
34 C57 20.22 22.85 25.48 C57 YES
35 C59 17.44 20.07 22.70 NO

BEST 14.96 17.59 BO9
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Figure 4.

Multiple comparison with the Best( MCB)
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Table 27. Multiple Com parison with the Best (MCB ) Average Ranks 35 methods - 111 Series - overall Horizons

d0.05,35 =5.408 l0.0535111 = D.26 Interval +/- 5.26/2
METHODS Min Interval Average Rank Max Interval Sig. worse than the best

1 BOO 13.70 16.33 18.96 NO

2 BO1 15.54 18.17 20.80 NO

3 BO2 14.91 17.54 20.17 NO

4 BO3 12.67 15.30 17.93 NO

5 BO4 17.70 20.33 22.96 B0O4 YES

6 BO5 13.44 16.07 18.70 NO

7 BO6 13.85 16.48 19.11 NO

8 BO7 12.33 14.96 17.59 NO

9 B09 11.90 14.53 17.16 NO
10 B10 15.94 18.57 21.20 NO
11 B11 15.74 18.37 21.00 NO
12 B12 19.02 21.65 24.28 B12 YES
13 B13 14.24 16.87 19.50 NO
14 co3 13.52 16.15 18.78 NO
15 Ci11 14.31 16.94 19.57 NO
16 C13 14.07 16.70 19.33 NO
17 C15 16.94 19.57 22.20 NO
18 C17 19.57 22.20 24.83 C17 YES
19 C20 15.40 18.03 20.66 NO
20 C24 15.48 18.11 20.74 NO
21 C26 15.57 18.20 20.83 NO
22 c27 12.84 15.47 18.10 NO
23 C28 16.91 19.54 22.17 NO
24 C30 18.76 21.39 24.02 C30 YES
25 C31 14.17 16.80 19.43 NO
26 C36 16.29 18.92 21.55 NO
27 C37 15.51 18.14 20.77 NO
28 C38 15.12 17.75 20.38 NO
29 C44 15.22 17.85 20.48 NO
30 C46 13.72 16.35 18.98 NO
31 C49 15.78 18.41 21.04 NO
32 C50 13.85 16.48 19.11 NO
33 C51 18.48 21.11 23.74 C51 YES
34 C57 20.12 22.75 25.38 C57 YES
35 C59 15.35 17.98 20.61 NO

BEST 14.53 17.16 BO9
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Figure 5.
Multiple comparison with the Best ( MCB)

Average Ranks of 35 methods over 111 series overa Il horizons
28

26

>
L

P
e

24

20 +

18

i
»’
L

Average Ranking

161" *

>

10

BOO
BO1
B02
BO3
B0O4
BO5
B0O6
BO7
B09
B10
B11
B12
B13
Cco3
Ci11
C13
Ci15
C17
C20 ]
C24
C26
c27
Cc28
C30
C31
C36
C37
C38
C44
C46
C49
C50
C51
C57
C59



