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Agenda

» MOA — opis
» Klasyfikacja
» Klastfrowanie
» Systemy rekomendacyjne

» Witasny klasyfikator



MOA

» Massive On-line Analysis
®» Framework do przetwarzania strumieni danych
®» Open source

» Napisany w Javie

» Powigzany z Wekqg

» /awiera zbidr istniejgcych algorytmow i miar




Algorytmy uczenia maszynowego

» Klasyfikacja
®» Regresja
» Klastrowanie

» Detekcja anomalii

» Wykrywanie concept drift
» Systemy rekomendacyjne

» Active Learning




Wymagania dla przetwarzania
sfrumieni danych

training
examples

» Przetwarzanie przyktadu po
orzyktadzie, kazdy przyktad L, 77 A

@ learning
requirements 2 & 3

czytany tylko raz

» Ograniczona ztozonosc
pamieciowa

/

» Ograniczona ztozonos$¢ czasowa Q) model

®» /awsze przygotowany do .
klasyfikacii . N

examples predictions




Workflow
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Extension points




Klasyfikacja

= Naive Bayes

» Hoeffding Tree

= Bagging

= Boosting

» Stochastic Gradient Descent

» Single Classifier Drift



Klasyfikacja

|£ ] MOA Graphical User Interface

- O X
Classification Regression MultiLabel MultiTarget Clustering Outliers Concept Drift Active Learning Other Tasks
Configure | EvaluatePrequential -1 trees.HoeffdingTree -i 100000 -f 10000 Run
command status

time elapsed current activity % complete

EvaluatePrequential -| tree... completed 100,00
EvaluatePrequential -| bay... completed

100.00

Pause Resume Cancel Delete

Final result | Refresh | Auto refresh: |ewery second

6770950459664, 77. 07006365426752, 73, 7964077669903, 20000.0, 201424.0, €3.0,47.0,47.0,3.0,0.0,0.0,1.0 ~
50.33391375601762, 91.28654970760235, 77.19714964370547, 30000, 0, 218520.0,74.0, 54.0, 54.0,4.0,0.0,0.0,1.0
72490833822629, 76. 92307692307693, 73. 91304347826087, 40000.0, 283136.0,97.0,67.0,67.0,4.0,0.0,0.0,1.0

000000000001, 79.84381446025262, 78. 0744466800804, 6. 3079498861048, 50000.0, 301592.0,105.0,71.0,71.0,5.0,0.0,0.0,1.0
.19931980583312, 80. 9523908523809, 78.403755869544€1, 60000.0, 322336.0,117.0,77.0,77.0,5.0,0.0,0.0,1.0

000000001, 80.2974150544627, 81.2, 78. 63636363636364, 70000.0, 394048.0,144.0,95.0,95.0,5.0,0.0,0.0,1.0

00000000001, 82.7611683002512, 82, 53638253€38255, 80.2616901408450%, 200000, 407504.0, 146.0,96.0,96.0,5.0,0.0,0.0,1.0
.16912972085387, 83. 3671398594320, 80. 4761904761805, 90000.0, 457136.0,172.0,108.0,108.0,5.0,0.0,0.0,1.0

0000000001, 84.09118369648397,52.93736501079914,82. 3736263736264, 100000.0,500824.0,187.0,118.0,118.0,5.0,0.0,0.0,1.0 ¥
<

>
Export as .t file...
Evaluation
Values Plot
Measure Current Mean Zoom in 'Y Zoom outY Zoom in X Zoom out X
@ Accuracy 92,10 - 89,98 -
O Kappa 84,00 - 79,43 - 93/0‘}f¢,
() KoppaTemp 82,94 - 79,53 -
() Ram-Hours 0,00 - 000 -
O Time 075 - 045 -
O Memory 048 - 031 -
46,50+
0,00 T T T T
0 500000 1000000 1500000 2000000

Configure task

class moa.tasks.EvaluatePrequential

Purpose

Evaluates 2 cla

example in sequence.

learner

stream

evaluator
instancelLimit
timeLimit
sampleFrequency
memCheckFrequency
dumpFile

outputPredictionFile

Help

fier on a stream by testing then training with each

trees.HoeffdingTree

erators.RandomTreeGenerator | Edit

sificationPerformanceEvaluator | Edit

100 000 000

-1

100 000

100 000

Browse

Browse

Reset to defaults

OK Cancel

4k

L




Klasyfikacja

®» ava -Cp moa.jar - = |Ova-Cp Moa.jar -
javaagent:sizeofag-1.0.4.jar javaagent:sizeofag-1.0.4.jar
moa.DoTask moa.DoTask
LearnModel | trees.HoeffdingTree "EvaluateModel -m file:modell.moa -s
-s generators. WaveformGenerator -  (generators.WaveformGenerator -i 2)
m 1000000 -O modell.moa -i 1000000"

EN Administrator: Windows PowerShell — (=] x \Users\Agnieszka\Desktop\moa-release-2818.6.8-bin\moa-release- 2! ib» java moa. jar sizeofag-1.
0.4.jar moa.DoTask

modell.moa
{M}assive {O}nline {A}nalysis

Version: 18.86 June 2018

Copyright: (C) 2007-2018 University of Waikato, Hamilton, New Zealand
Wleb: http://moa.cms.waikato.a

Hamilto

FfdingTree

Task completed in 4,385 (CPU time)

classified instances = 1 000 000
classifications correct (percent) = 8
Kappa Statistic (percent) = 76,711
Kappa Temporal Statisti ercent) = 76,768
t) = 76,679
model training instances = 1 000 000
model serialized size (bytes) = 1 961 760
(nodes) = 319
(leaves) = 168
ve learning leaves = 160
tree depth = 11
ve leaf byte size estimate =
ive leaf byte size estimate
byte size estimate overhead = 1,011
PS C:\Users\Agnieszka\Desktop\moa-release-2018.6.0-bin\moa-release-201

4,053]8|2 777,143}

7]0]920,857}




Klastrowanie

®» SfreamKM++
» CluStream
» ClusTree

®» DenStream
» CobWeb



Klastrowanie

|£2) MOA Graphical User Interface

Setup  visualization

Cluster Algorithm Setup

Stream | domRBFGeneratorEvents -n|  Edit

Algorithml | ClusterGenerator Edit
Algorithm2 | clustream.Withkmeans Edit
Resume Stop Import

Clear

Export

Evaluation Measures
Purity
GPrecision
GRecall
Redundancy
numCluster
numClasses

R

Weka Explorer

Classification Regression Multilabel MultiTarget Clustering Outliers Concept Drift Active Learning Other Tasks

K

|

K

1

Export CSV

Fl took 2.0ms (Mean:2.5095577999559997)
General took 1.0ms (Mean:1.9357244)
Regressionkccuracy took 0.0ms (Mean:0.0)
Separation took 0.0ms (Mean:0.4513134)

Export as .t file...

Editing option: Stream

class moa.streams. clustering.RandomRBFGeneratorEvents

Purpose
enerates 2 random radial basis
modelRandomSeed
instanceRandomSeed
numiluster
numClusterRange
kernelRadius

kernelRadiusRange

densityRange
speed

speedRange

Help

function stream.

Reset to defaults

Cancel

500
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Klastrowanie - wizualizacja

|£| MOA Graphical User Interface - O
Classification Regression MultiLabel MultiTarget Clustering Outliers Concept Drift Active Learning Other Tasks
Setup Visualization
W ¥ Dim1 v . Vil e Processed:5000
Foints I
Stop Y [Dim2 ~ Reicellsi=ung Pause in: 5000
2 2 o
O O
o o
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o
o o
c =T
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Evaluation
Values Plot
@ s RS G o Zoom inY Zoom outY Zoom in X Zoom out X
O F1-R 0,830,74 0,77 0,72
) Purity 0,980,89 0,91 0,89 1,00
O GPrecision 1,001,001,00 1,00
O GRecall 0,920,880,90 0,87
O Redundancy 0,000,000,01 0,00
O numCluster 5,005,00 5,00 5,00
() numclasses 5,005,00 5,00 5,00 0,50
() meanabs. error - - - =
O root mean sq.er. - - - <
O Ram-Hours © = o <
O Time - - - -
) Memo .-, |ow T T T T
L 0 50000 100000 150000 200000

» Po lewej Clustream

» Po prawej Kmeans



Systemy rekomendacyjne

» W oknie ,Inne zadania” wybieramy zadanie EvaluateOnilneReccomender
» Wybieramy rating predictor i zbidr danych
» /bidr danych w postaci frojek [uzytkownik, rzecz, ocena]

» BRISMPredictori BaselinePredictor

» Wynik — nauczony predykator wraz z wartoscig RSME dla kazdego punktu
pomiarowego

» Przyktadowy zbidr danych Movielens:
hitps://grouplens.org/datasets/movielens/




Systemy rekomendacyjne

|£:| MOA Graphical User Interface — O X

Classification Regression MultiLabel MultiTarget Clustering Outliers Concept Drift Active Learning Other Tasks
E Configure !1p\.Mwie\ensDataset—fC:\Users\}\gn\eszka\Deskmp\mI-lm\rahngs.dat)—s (BRISMFPredictor -d MemRecommenderData) | Run

command status time elapsed current activity % complete

EvaluateOnlineRecommen... completed 11m24s
EvaluateOnlineRecommen...

100,00
100.00

Pause Resume Cancel Delete

Final result | Refresh  Auto refresh: |ewvery second

n,RM5SE, trainingTime,evalTime -~
959.0,1.0121832718183593,0.0,0.0

18%.0,1.0160718705958103¢,0.0,0.0

259.0,1.0593976825083538,0.0,0.0

359%.0,1.128%690453400603,0.0,0.0

439.0,1.1129426635813408,0.0,0.0
599.0,1.075992253832316,0.0,0.0
€39.0,1.054029095518073,0.0,0.0
799.0,1.0269342523876€15,0.0,0.0
£99.0,1.0112153092868825,0.0,0.0 v
Export as .t file...
Evaluation
Values Plot
ZoominY Zoom out Y Zoom in X Zoom out X
1,00 5
Measure Current Mean
@ Accuracy = = = =
O Kappa = = = =
O Kappa Temp = = = =
() Ram-Hours < > < < 0,50
O Time - - - -
() Memory - - - -
0,00 T T T T
0 50000 100000 150000 200000

Configure task it

class moa.tasks.EvaluateOnlineRecommender i
Furpose

Evaluates a online reccommender system.

dataset ‘Agnieszka'\Desktop\ml-1m\ratings.dat

ratingPredictor |AFPredictor -d MemRecommenderData | Edit
sampleFrequency 1005

taskResultFile Browse

Help Reset to defaults

0K Cancel




Wtasny klasyfikator

Klasyfikacja Klastrowanie

» /aimplementowanie interfejsu ®» /aimplementowanie interfejsu
Classifier.java Clusterer.java
void resetLearninglmpl() » void resetLearninglmpl()

» void trainOninstancelmpl(Instance) » void trainOninstancelmpl(Instance)

» double[] getVotesForinstance(Instance) = Clustering getClusteringResult()




Wtasny klasyfikator

Decision Stump Classifier

Jedno warstwowe drzewo

Sprawdza podziaty po atrybutach i wybiera ten najlepszy
Extend moa.classifiers.AbstractClassifier

Implement MultiClassClassifier



resetLearninglmpl()

/

@override

}

public void resetlLearningImpl() {

this.bestsplit = null;

this.observedClassDistribution = new Doublevector();
this.attributeoObservers = new AutoExpandvector<AttributeClassObserver>();
this.weightSeenAtLastsplit = ©.0;

Metod wywotywana przed
rozpoczeciem uczenia, ustawia
domysine wartosci

bestSplit — obecnie najlepszy
wybrany podziat

observedClassDistribution — rozktad
klas zaobserwowany przez
klasyfikator

attributeObservers — frzyma
informacje potrzebne do podjecia
decyzji po ktorym atrybucie
najlepiej dokonywac podziatu

weightSeenlLastSplit — czas
wykonania ostatniej ewoluacii



@override
public void trainOnInstanceImpl(Instance inst) {
this.observedClassDistribution.addTovalue((int) inst.classvalue(), inst
.weight());
for (int i = @; 1 < inst.numAttributes() - 1; i++) {
int instAttIndex = modelAttIndexToInstanceAttIndex(i, inst);
AttributeClassObserver obs = this.attributeObservers.get(i);
if (obs == null) {
obs = inst.attribute(instAttIndex).isNominal() ?
newNominalClassObserver() : newNumericClassObserver();
this.attributeObservers.set(i, obs);

obs.observeAttributeClass(inst.value(instAttIndex), (int) inst
.classValue(), inst.weight());

if (this.trainingWeightSeenByModel - this.weightSeenAtLastsSplit »>=
this.gracePeriodoption.getvalue()) {
this.bestsplit = findBestsplit((SplitcCriterion)
getPreparedClassOption(this.splitCriterionOption));
this.weightSeenAtLastSplit = this.traininglWleightSeenByModel;
¥
1

frainOninstancelmpl(Instance inst)

Gtdéwna funkcja w algorytmie
uczgcym

Wywotywana dla kazdego
przyktadu

Aktualizacja rozktadow klas

Dla wszystkich argumentow jesli nie
byto jeszcze obserwaciji to tworzymy
nowy observer

Uaktualniamy obserwacije na
podstawie nowego przyktadu

Sprawdzamy czy mingt czas
mozliwy na znalezienie nowego
podziatu jesli tak fo uaktualniamy
pestSplit



findBestSplit(SplitCriterion criferion

protected AttributeSplitSuggestion findBestSplit(SplitCriterion criterion) {
AttributeSplitSuggestion bestFound = null;
double bestMerit = Double.NEGATIVE INFINITY;
double[] preSplitDist = this.observedClassDistribution.getarrayCopy();
for (int i = @; i < this.attributeObservers.size(); i++) {
AttributeClassObserver obs = this.attributeObservers.get(i);
if (obs I= null) {
AttributesplitSuggestion suggestion =
obs.getBestEvaluatedSplitSuggestion(
criterion,
presplitDist,
1,
this.binarysplitsoption.isSet());
if (suggestion.merit > bestMerit) {
bestMerit = suggestion.merit;
bestFound = suggestion;

¥

return bestFound;

® |[teracja po mozliwych podziatach
I wybor najlepszego



public double[] getVotesForInstance(Instance inst) {

h

if (this.bestsplit != null) {

int branch = this.bestSplit.splitTest.branchForInstance(inst);

if (branch >= 8) {

return this.bestSplit
.resultingClassDistributionFromSplit(branch);

h

return this.observedClassDistribution.getArrayCopy();

getVotesForinstance(lnstance inst)

Wykorzystanie wyuczonego
modelu do predykciji

Wywotanie metod
zaimplementowanych w
AttributeSplitSuggestionClass



Kompilacjo

javac -cp moa.jar DecisionStumpTutorial.java
W folderze musi znajdowac sie moa.jar i sizeofag.jar
Otrzymujemy DecisionStumpTutorial.class

Nalezy jg umiescic w moay/classifiers/



Dziekuje za uwage




