OpenML,
metafeatures
and
analyzing the results of
experiments with filtering
anomalies

Katarina Svecova
PV115
2020







= OpenML Search HELP SIGN IN

beta_2

. ..' .%.

.-:'ffOpenI\/IL

Machine learning, better, together

Find or add data to analyse Download or create scientific Find or add data analysis flows Upload and explore all results
tasks online.

ython AP1 0.10 is released

t started now or read the paper first :)




OpenML
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£ Doto 20885 * Main goal — to make machine learning accesible
* e ”” e open source project on GitHub
ii 11 * Datasets, Tasks, Flows, Runs
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c 8 * API (REST, Python, R, Java, C#) — enable
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Press to exit full screen

2992 results

Only showing active (verified) datasets.
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credit-g (1)

blood-transfusion-service-c...

monks-problems-2 (1)

tic-tac-toe (1)

monks-problems-1 (1)

steel-plates-fault (1)

kr-vs-kp (1)

Y FILTERS SORT: MOST RUNS ~ =ID'S EE TABLE <+ ADD NEW

This dataset classifies people described by a set of attributes as good or bad credit risks. This da...
% 505316 runs W 16 likes & 195 downloads X 211reach % 12impact
1000 instances - 21 features - 2 classes - 0 missing values

Data taken from the Blood Transfusion Service Center in Hsin-Chu City in Taiwan - this is a classi...
% 464739 runs W 5likes & 67 downloads  72reach % 29 impact
748 instances - 5 features - 2 classes - 0 missing values

Once upon a time, in July 1991, the monks of Corsendonk Priory were faced with a school held in ...
W 394292 runs W 1likes & 21downloads ™ 22reach % 28 impact
601 instances - 7 features - 2 classes - 0 missing values

This database encodes the complete set of possible board configurations at the end of tic-tac-toe...
% 385593 runs W 1likes & 65downloads * 66 reach % 2impact
958 instances - 10 features - 2 classes - 0 missing values

Once upon a time, in July 1991, the monks of Corsendonk Priory were faced with a school held in ...
% 358449runs W 2likes & 18 downloads X 20reach ¥ 31 impact
556 instances - 7 features - 2 classes - 0 missing values

A dataset of steel plates’ faults, classified into 7 different types. The goal was to train machine lea...
% 277313 runs W 1 likes & 38 downloads  39reach ¥ 18 impact
1941 instances - 34 features - 2 classes - 0 missing values

1. Title: Chess End-Game - King+Rook versus King+Pawn on a7 (usually abbreviated KRKPA7). Th...
% 270777 runs W 0O likes & 36 downloads  36reach % 5impact
3196 instances - 37 features - 2 classes - 0 missing values
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ARFF csv

'

= tic-tac-toe

m B8 ARFF [g Publicly available @ Visibility: public & Uploaded 06-04-2014 by Jan van Rijn
¥ 1likes & downloaded by 65 people, 74 total downloads £ 0issues W 0 downvotes

A yibusing.1 | Open 15 | OpenL100 stdy.1 | suy_ 125 sty 135 | stuy 14 tucy. 144 tucy.15 sy, 20  suy_29 [ stuy30 | sty 37 s 41
w52 vy 7 stuty70 .5 [ sy 50 [ sy 59 ot [y o0 R

2"+ Loading wiki
Author: David W. Aha
Source: [UCI](https://archive.ics.uci.edu/ml/datasets/Tic-Tac-Toe+Endgame) - 1991
Please cite: [UCI](http://archive.ics.uci.edu/ml/citation_policy.html)

Tic-Tac-Toe Endgame database

This database encodes the complete set of possible board configurations at the end of tic-tac-toe games, where "x" is assumed to have played first. The target concept
is "win for x" (i.e., true when "x" has one of 8 possible ways to create a "three-in-a-row").

* Show all

10 features

Class (target) nominal 2 unique values 626

negative positive
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10 features

Class (target) nominal 2 unique values 626
’ miSSing _ﬂz -
negative pasitive
top-left-square nominal 3 unique values 335 He
0 missing 205 [ | -
——
[ [
b o X
top-middle-square nominal 3 unique values 250 330 _
Jmssn — I I
b ] X

v Show all 10 features

10/ properties

lihl NumberOfinstances 958 Number of instances (rows) of the dataset.

[l NumberOfFeatures 10 Number of attributes (columns) of the dataset.

lihl NumberoOfClasses 2 Number of distinct values of the target attribute (if it is nominal).
Ll NumberOfMissingVal... 0 Number of missing values in the dataset.

lihl NumberOfinstancesW... 0 Number of instances with at least one value missing.

w Show all 107 properties

23 tasks

%  Supervised Classification on tic-tac-toe
270253 runs - estimation_procedure: 10-fold Crossvalidation - target_feature: Class

e ] o 2] P lace fimad mem oy $om F o e




Tasks

» Dataset with a specific task — clustering/classification and a method of evaluation

Search HELP SIGN IN

Explore
= - 111443 results YFILTERS ~ SORT: MOST RUNS ¥ I=1D'S
% Task 111443

%  Supervised Classification on credit-g
% 418765runs O 4 likes X 62 downloads N 66 reach ¥ 407180 impact

‘g Flow uploader_id : 1 - estimation_procedure : 10-fold Crossvalidation - target_feature : class - reuse : 407175 ...
Run
* % Supervised Classification on blood-transfusion-service-center
% 383297 runs W 1likes & 13 downloads N 14reach % 374959 impact
A Study uploader_id : 1 - estimation_procedure : 10-fold Crossvalidation - target_feature : Class - reuse : 374959
[ Task type 8

%  Supervised Classification on wilt
% 297282 runs W 0 likes & 3 downloads N 3 reach ¥ 290757 impact
lshl Measure uploader_id : 1 - estimation_procedure : 10-fold Crossvalidation - target_feature : Class - reuse : 290757
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S oae ¥ Supervised Classification on tic-tac-toe

® Task 145804 M Supervised Classification £ tic-tac-toe W 270253 runs submitted

'ﬁg Flow W 0Olikes & downloaded by 8 people, 8 total downloads A 0 issues
& Visibility: Public
* Run » ETEd + Addtag
& Study
|l EVALUATIONS & PEOPLE i= RUNS + ADD RESULTS
[ Task type
Metric: PREDICTIVE ACCURACY hd
[shl Measure
[B0) Help
Evaluations per flow (multiple parameter settings)
Blog every point is a run, click for details
Predictive accuracy
«! Contact 0.65 0.675 07 0.725 0.75 0.775 0.8 0.825 0.85 0.875 0.9 0.925 0.95 0.975 1
*

mir.classif.swm(6)

' Please cite us mir.classif.xgboost{f)
mir.classif.xgboost{9)

mlr.classif.-ranger(13)

mir.classif.-ranger{9)

mir.classif.-ranger{16)

mir.classif.-ranger{15)

weka kf AttributeSelectio._ liefF-5tandardize-1Bk5(1)
weka kf AdaBoostM1-IBkS(1)

mir.classif.kknn(10)

weka.kf.Bagging-1Bk5(1)

mir.classif.glmnet{11)

weka_kf AttributeSelection-Ranker-ReliefF-SMO(1)

.0.. ‘
$ o0 ’00.;
*
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Flows

* Flow — a specific algorithm in a specific implementation

L% Flow 14768

A Study

3 Task type 8

[shl Measure

& People

[N Help

14768 results

o milr.classif.ranger (13)

o SubgroupDiscovery (1)

o mir.classif.glmnet (11)

o mlr.classif.xgboost (9)

o mir.classif.rpart (29)

o mlr.classif.svm (6)

Learner mir.classif.ranger from package(s) ranger.
W 1231351 runs W 0 likes & 32 downloads X 32reach ¥ 0impact

Subgroup Discovery search algorithm.
W 1171422 runs W 0 likes & 7 downloads 3 7 reach % 0 impact

Learner mir.classif.glmnet from package(s) glmnet.
W 1121354 runs W 0 likes & 6 downloads X\ 6reach ¥ 0impact

Learner mir.classif.xgboost from package(s) xgboost.
W 1029849 runs W 1likes & 11 downloads ® 12reach ¥ 2impact

Learner mir.classif.rpart from package(s) rpart.
W 1028856 runs W 0 likes & 1downloads 3 1reach ¥ 1028855 impact

Learner mir.classif.svm from package(s) e1071.
W 937925 runs W 0likes & 2 downloads 3 2 reach % 937923 impact
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= ID'S

HELP

SIGN IN



Search HELP SIGN IN

e & [ [l [ v
- £ weka.kf.ReplaceMissingValues-J48

.g.g Flow & Visibility: public &8 Uploaded 27-02-2018 by William Raynaut &a Weka_3.9.2 W 812runs
W 0Olikes & downloaded by 0 people A 0issues " 0downvotes, 0 total downloads

* aun > + adaeg

(@

P Task

& Study
I3 Task type 4% Loading wiki
A Weka KnowledgeFlow using ReplaceMissingValues-J48. kf
il Measure
& People Parameters
4 »
[B0) Help
Blog
818 Runs
! Contact
SUPERVISED CLASSIFICATION v PREDICTIVE ACCURACY v Parameter: NONE ~ i= LIST ALL RUNS

@ Please cite us

Evaluations per dataset (multiple parameter settings)

every point is a run, click for details

collins

mushroom *
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clean2
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Run

* A specific run with specific settings

HELP SIGN IN

= 0. 10025716 results Y FILTERS SORT: MOST RECENT ~ i=ID'S
Task
Y Koralp Catalsakal © 4 hours ago
W ranflow sklearn.pipeline.Pipeline(Shap ... peline.CustomPipelineModel)(1) on task Supervised Regression on data set analcatdata_negotiation
ﬁg Flow W 0likes - & 0downloads- 3 0reach- mean_absolute_error: 0.6959, mean_prior_absolute_error: 0.8544, number_of_instances: 92, relative_absolute_error: 0.8145, root_mean...
Run 10025716
* Koralp Catalsakal @ 4 hours ago
W ran flow sklearn.pipeline.Pipeline(Shap ... peline.CustomPipelineModel)(1) on task Supervised Regression on data set analcatdata_negotiation
A Study W 0likes - & 0downloads - 0 reach - mean_absolute_error: 0.6959, mean_prior_absolute_error: 0.8544, number_of_instances: 92, relative_absolute_error: 0.8145, root_mean...
J Task type 8
| e Koralp Catalsakal ©® 4 days ago
W  ran flow sklearn.pipeline.Pipeline(Shap ... peline.CustomPipelineModel)(1) on izsk Supervised Regression on data set liver-disorders
IL" Measure W 0likes - & 0Odownloads- 3 0reach- mean_absolute_error: 2.4516, mean_prior_absolute_error: 2.623, number_of_instances: 345, relative_absolute_error: 0.9346, root_mean...
People
ﬁ P Prabhant Singh @ 4 days ago

W ran flow torch.nn.modules.container.Sequential.a33ac9039500e765(1) on task Supervised Classification on data set mnist_784
W 0likes - & 0downloads - R 0 reach - area_under_roc_curve: 0.9965, f_measure: 0.935, kappa: 0.9279, kb_relative_information_score: 0.9168, mean_absolute_error: 0.0239, ...

[N Help
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Explore
e Run 23504

(@

P Task
% Task 2076 (Supervised Classification) £ kropt & Uploaded 25-06-2014 by Joaquin Vanschoren
¢§ Flow @ 1likes & downloaded by 0 people A 0issues ™ 0 downvotes, 0 total downloads
W + Addtag
% Run
& Study
Flow
I3 Task type
Wl Measure weka.RandomForest(1) Leo Breiman (2001). Random Forests. Machine Learning. 45(1):5-32.
L]
3 People weka.RandomForest(1)_l 11
weka.RandomForest(1)_K 0
) Help weka.RandomForest(1)_S 1
Blog weka.RandomForest(1)_num-slots 1
4 »
+!} Contact
@ Please cite us Result files
Description ol
XML file describing the run, including user-defined evaluation measures.
arff

Predictions

ARFF file with instance-level predictions generated by the model.

10 Evimaliiatimarm maas ol IFac
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19 Evaluation measures

Area under ROC curve

F measure

0.9444

Per class

draw zero one two three four five six seven eight nine ten eleven twelve

0.9897 0.9993 0.992 0.9987 0.9978 0.9944 0.9867 0.9804 0.9641 0.9684 0.9579 0.9335 0.9177 0.916

Cross-validation details (10-fold Crossvalidation)

b |
2 0 t I l [ P
[+
0.938 0.939 0.94 0.941 0.942 0.943 0.944 0.945 0.946 0.947 0.948 0.949
Score
Per class
draw zero one two three four five six seven eight nine ten eleven tweh

0.8442 0.4286 0.6406 0.8187 0.5547 0.6431 0.6694 0.6705 0.5631 0.6436 0.6087 0.5549 0.5584 0.59¢

Cross-validation details (10-fold Crossvalidation)

Repeat
(=]

0.61 0.615 0.62 0.625 0.63 0.635 0.64 0.645 0.65 0.655 0.66
Score



import openml
from sklearn import impute, tree, pipeline

# Define a scikit-Learn classifier or pipeline
clf = pipeline.Pipeline(
steps=[
('imputer', impute.SimpleImputer()),
('estimator', tree.DecisionTreeClassifier())

)
# Download the OpenML task for the german credit card dataset with 1é-fold

# cross-validation.

task = openml.tasks.get_task(31)

# Run the scikit-Learn model on the task.

run = openml.runs.run_model on_task(clf, task)

# Publish the experiment on OpenML (optional, requires an API key.

# You can get your own API key by signing up to OpenML.org)
run.publish()

print(f'View the run online: {openmlL.config.server}/run/{run.run_id}")






Types of metafeatures

 Basic data description (number of instances, dimensionality, number
of classes, majority class percentage...)

e Statistical methods (mean, median, skewness, kurtosis...)

* Landmarking — results with (quite a few) selected methods (

random tree depth,

DecisionStumpKappa, NaiveBayesKappa - the agreement between two raters,
similar to accuracy, but considering the probability of a chance agreement,

J48 error rate,

Area Under the ROC Curve, which is made by plotting true positive rate and
false positive rate)



lshl NumberOfinstances

Ll NumberOfFeatures

il NumberOfClasses

Al NumberOfMissingVal...
liil NumberOfinstancesW...
lil NumberOfNumericFe...
Ll NumberOfSymbolicFe...

il PercentageOfBinaryF...

Number of different things

1000

21

14

14.29

Number of instances (rows) of the dataset.

Number of attributes (columns) of the dataset.

Number of distinct values of the target attribute (if it is nominal).

Number of missing values in the dataset.

Number of instances with at least one value missing.

Number of numeric attributes.

Number of nominal attributes.

Percentage of binary attributes.



il Quartile2StdDevOfNu...

il RandomTreeDepth1A...

il Dimensionality

il MaxMutualinformation

il MinNominalAttDistinc...

|ﬂ PercentageOfinstanc...

Ll Quartile3AttributeEntr...

0.66

0.02

0.09

1.87

Second quartile (Median) of standard deviation of attributes of the n...

Area Under the ROC Curve achieved by the landmarker weka.classifie...

Number of attributes divided by the number of instances.

Maximum mutual information between the nominal attributes and th...

The minimal number of distinct values among attributes of the nomi...

Percentage of instances having missing values.

Third quartile of entropy among attributes.



sl

kNN1NKappa

DecisionStumpAUC

J48.00001.ErrRate

J48.00001.Kappa

J48.0001.ErrRate

Kappa coefficient achieved by the landmarker weka.classifiers.lazy.IBk
data quality

Area Under the ROC Curve achieved by the landmarker weka.classifiers.trees.D...
data quality

Error rate achieved by the landmarker weka.classifiers.trees.J48 -C .00001
data quality

Kappa coefficient achieved by the landmarker weka.classifiers.trees.J48 -C .00...
data quality

Error rate achieved by the landmarker weka.classifiers.trees.J48 -C .0001
data quality



On the predictive power of meta-features
in OpenML

e 2017
e Study on 61 metafeatures and 720 datasets
* Feature selection gains better results

* Information on response, mutual information, noise to signal, shape
of extremes, dimensionality, minimum variability of numeric
attributes, information of categorical attributes and mutual
information



Analyzing the results of
experiments with filtering
anomalies



bataset,"NumberOfInstances","NumberOfFeatures","NumberOfClasses","NumberOfMissingValues , "NumberOfInstancesWithMissingValues", "NumberOfNumericFeatures”, "Num
berOofSymbolicFeatures”, "RandomTreeDepthlKappa”, "J48.00001.AUC", "MaxSkewnessOfNumericAtts"”, "MinStdDevOfNumericAtts", "Percentage0fMissingValues”, "Quartile3Kur
tosisOfNumericAtts","AutoCorrelation”, "RandomTreeDepth2AUC","J48.00001.ErrRate", "MaxStdDevOfNumericAtts", "MinorityClassPercentage", "Percentage0OfNumericFeatu
res","Quartile3MeansOfNumericAtts", "CfsSubsetEval_DecisionStumpAUC”, "RandomTreeDepth2ErrRate”,"J48.00001.Kappa", "MeanAttributeEntropy", "MinorityClassSize","
PercentageOfSymbolicFeatures"”, "Quartile3MutualInformation”,"CfsSubsetEval DecisionStumpErrRate", "RandomTreeDepth2Kappa", "]48.0001.AUC", "MeanKurtosisOfNumeri
cAtts"”,"NaiveBayesAUC", "QuartilelAttributeEntropy", "Quartile3SkewnessOfNumericAtts","CfsSubsetEval_DecisionStumpKappa", "RandomTreeDepth3AUC","J48.0001.ErrRa

te", "MeanMeansOfNumericAtts”,"NaiveBayesErrRate”, "QuartilelKurtosisOfNumericAtts"”, "Quartile3sStdDevOfNumericAtts"”,"CfsSubsetEval NaiveBayesAUC","CfsSubsetEva
1 NaiveBayesErrRate", "RandomTreeDepth3ErrRate”,"J48.0001.Kappa", "MeanMutualInformation”, "NaiveBayesKappa", "QuartilelMeansOfNumericAtts", "REPTreeDepthlAUC","
CfsSubsetEval_NaiveBayesKappa", "RandomTreeDepth3Kappa","J148.001.AUC", "MeanNoiseToSignalRatio", "NumberOfBinaryFeatures"”, "QuartilelMutualInformation”, "REPTree
DepthlErrRate", "CfsSubsetEval_kNNINAUC", "StdvNominalAttDistinctValues","J48.001.ErrRate”, "MeanNominalAttDistinctValues", "QuartilelSkewnessOfNumericAtts","RE
PTreeDepthlKappa", "REPTreeDepth2AUC", "CfsSubsetEval_kNN1INErrRate","kNNINAUC","J48.001.Kappa", "MeanSkewnessOfNumericAtts", "QuartilelStdDevOfNumericAtts", "REP
TreeDepth2ErrRate", "CfsSubsetEval_kNN1NKappa", "kNNINErrRate", "MajorityClassPercentage”, "MeanStdDevOfNumericAtts”, "Quartile2AttributeEntropy"”, "REPTreeDepth2K
appa","ClassEntropy"”, "kNN1NKappa", "MajorityClassSize", "MinAttributeEntropy", "Quartile2KurtosisOfNumericAtts", "REPTreeDepth3AUC", "DecisionStumpAUC”, "MaxAttri
buteEntropy”, "MinKurtosisOfNumericAtts"”, "Quartile2MeansOfNumericAtts"”,"REPTreeDepth3ErrRate”, "DecisionStumpErrRate”, "MaxKurtosisOfNumericAtts"”, "MinMeansOfNu

mericAtts"”,"Quartile2MutualInformation”, "REPTreeDepth3Kappa", "DecisionStumpKappa”, "MaxMeansOfNumericAtts", "MinMutualInformation”, "Quartile2SkewnessOfNumeric

]
wooa

Atts","RandomTreeDepthlAUC", "Dimensionality"”, "MaxMutualInformation”, "MinNominalAttDistinctValues", "PercentageOfBinaryFeatures”, "Quartile2StdDevOfNumericAtts
","RandomTreeDepthlErrRate", "EquivalentNumberOfAtts", "MaxNominalAttDistinctValues", "MinSkewnessOfNumericAtts", "PercentageOfInstancesWithMissingValues", "Quar
tile3AttributeEntropy"”

"banknote-authentication",1372,5,2,0,0,4,1,2,20,3.576396338280576,0.8148164881029215,0.0036443148688046646,null, -
1.022243043654092,0,null,0.22448979591836735,null,2,2.101013136739067,0,1.0877230875627456,0.9992706053975201,0.5620538416256953,0.9854814767006583,1.0885685
435217796,44.460641399416915,80,1.79117161989796,0.8344961490469428,0.9330450496966567,0.021137026239067054,5.8690467435803795,610,20,null,0.193148688046647
23,0.09912536443148688,0.9571796328821847,null,0.9396067294866831,null,,0.7790794824458168,0.6220644978877691,0.8005251139599922,0.9854814767006583,0.1447946
9144119225,0.1588921282798834, -
©.6729889170841984,5.47929258026428,0.9528828363667657,0.9764080719418269,0.021137026239067054,0.6405147434402338,0.6763618735987396, -
©.785368576530612,0.8344961490469428,0.12463556851311954,0.0663265366122449,0.9571796328821847,null,null,1,null,0.19314868804664723,0.74667870223205064,0.867
4539679304253,0.9854814767006583,2,-0.8652081513981438,0.6220644978877691,0.9382578202314874,0,0.021137026239067054, -
©.1192914188861707,2.2864504991155923,0.9101996471752506,0.061224489795918366,0.9986876640419947,0.9571796328821847,3.7807131392201496,null,0.11443148688046
648,0.8763125584909549,0.0014577259475218659,55.539358600583085,null,9.030142115780319223,0.7692363729859445,0.9911281257467461,0.9970492846881102,762, -
©.7515813814324717,0.9156811869533534,0.9400972419431177,0.8344961490469428,null, -
1.1916565211370262,null,0.07434402332361516,0.19314868804664723,1.2704759156366023,null, -
©.27174558770618523,0.8515038072681896,0.6220644978877691,1.9223531209912545



Example of data

"dataset","clf","clf_family","clf_params","od_name , 'od_params","removed”,"
_time","clf _time","total time","gain_clf","gain_clfBest","gain_random"
“JM1t,"IBk","lazy","[]","CODB","{jar_path: data/java/WEKA-

3

CODB.jar}",0.5,0.76463,318.14848,6.88443,325.03291,0.00193, -0.05255,0.00165
“JM1i","1Bk","lazy","[]","CODB","{jar_path: data/java/WEKA-

. ]

CODB.jar}",1,0.76601,318.14848,6.76814,324.91662,0.00331,-0.05117,0.00257
“JM1t,"IBk","lazy","[]","CODB","{jar_path: data/java/WEKA-

3

CODB.jar}",2,0.77042,318.14848,6.76459,324.91307,0.00772,-0.04676,0.0079

accuracy”,"o

d



?- search _data(all, [gain clfBest > @], R),
| stats(R, dataset, count, [dataset], Result),

| make csv(Result, "c:/users/katka/desktop/lab/prolog/
10jul/grafy/dataset best over © count.csv").

_| dataset_best over 0 _count.csv - Notepad

File Edit Format View Help
dataset,count:dataset
"wilt2",32

"wdbc",11
"wall-robot-navigation”,7
"vehicle",32
"texture",8

"spf3",47
"gsar-biodeg",57
"pima-diabetes",98
"phoneme”, 13
"phishing”,16
"pc4", 28

"pc3",47

"madelon”,45
"letter”,1

"ilpd",63

L e [ Ty I — n__ a




?- search _data(all, [gain clfBest > @], R), stats(R, gain clfBest,
count, [], Result).

Result = [[count:gain_clfBest], [1178]].

?- search_data(R), stats(R, dataset, count, Result).
Result = [['count:dataset'], [21373]]

?- search data(all, [gain clfBest > @], R), stats(R, gain clfBest,
count, [od name], Result).

Result = [[od name, count:gain clfBest], ['"TDWithPrunning"', 145],
[*"TD""', 97], ['"Random"', 122], ['"NearestNeighbors"', 122], ['"L
OF"', 115], ['"KDN"', 88], ['"IsolationForest"'|...1, [...]|...]1]...

].



?- search data(all, [gain clfBest > 0], R1), stats(R1l, gain_clfBest
, count, [od name], R2), condi(R2, [ , BestCount], BestCount > 100,

Result).
Result = [[od name, ‘count:gain clfBest'], ['"TDWithPrunning"', 145

1, [""Random"', 122], ['"NearestNeighbors"', 122], ['"LOF"', 115],
['"DS"', 102], ['"ClassLikelihood"', 108]].






Positive
gain_clfBest
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Sheet 3

Dataset
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Sheet 3 (12)

gain clfBest
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