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Abstract: Outliers are records that deviate from normal behavioral pattern. This causes a serious issue when it comes to
analysing data. In the recent years there has been great research to identify these outliers. Identifying them not only helps
improve analysis of data but also provides many applications. The paper presents a way of indenting these outliers based on
priority assigned to the attributes. The priorities are then added for each record in the dataset and the pattern is analysed. A
concept based on interquartile range is used to eliminate the outliers. Hence the classifier divides the dataset into two classes:
outliers and normal data.
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1. Introduction

Outlier detection has been used since a long time to detect anomalous behavior. Outliers are caused by faults in
machines, frauds, human error or simply a phenomenon of natural deviations. Identifying them provide extremely
valuable information and early identification of them can help prevent catastrophic consequences. Victoria Hodge
et al. discuss various algorithm for outlier detection and compare them by analysing their advantages and
disadvantages [1]. Robert.L.Lipnik et al. discuss how molecular descriptors and molecular toxicity can help
identify the outlier behaviour as well as provide information about the predictive capability of such models. The
paper uses QSAR baseline prediction and compares it with toxicity levels for identifying outliers and impress the
classification process by removing the same[2]. Yang Zing et al. discuss how the identification of outliers in
wireless sensor networks can provide valuable information such as noise, errors and malicious attack affecting the
network. Traditional outlier methods fail when used on wireless networks due to various requirements and
limitations specific to networks. The paper provides an algorithm based on taxonomy and comparative table to
select a technique from the available wireless network outlier detectors based on data type, outlier type, outlier
identity and its degree[3]. Jorm Laurikkala et al. discuss the identification of outliers with the help of box plot in
the field of medicine. They plotted the distance on box plot using Mahalanobis distances to identify multivariate
outliers and univariate outliers were detected directly using a box plot. The identification of outliers not only
helped increase the predictive ability of the classification but also the most experts in the field actually recognized
the records to be outliers in their area[4]. Sofie Verbaeten at al. uses outlier detection as an application in noisy
training examples where certain records are mislabelled. They use outliers methods as a pre-processing task and
then proceed with the classification process. They use a number of filtration techniques like cross validation,
boosting and bagging. They evaluate these techniques in an Inductive Logic programming setting and use decision
tree to construct these ensembles[5]. Outliers provide valuable information about the data and should not be
ignored. Identifying them not just provides various applications but it also provides industries the ability to get a
clean dataset and identify the normal patterns in the data.

2. Methodology

The algorithm uses posterior likelihood in Bayesian statistics as a measure for assigning priority to each
attribute.

Posterior likelihood — In Bayesian Statistics, the posterior likelihood of a random event or associate degree
uncertain proposition is that the chance that's assigned when the relevant proof or background is taken under
consideration.

Let us have a prior belief that the probability distribution function is P(0©) and observations X with the
likelihood then the Posterior likelihood is:
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p(%): P(g) «P(8) |/P(X)

The outliers are eliminated by interquartile range. IQR stands for ‘interquartile range’. It is used in statistics to
help analyse set of numbers. IQR is preferred over range as it is better at identifying outliers.
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Fig 1.Workflow
Work Flow:
A dataset is first imported for outliers detection.
The Binary Outlier Classifier identifies the Outliers.

A dataset without the outliers is generated.
D(0..N) — A(0..K) O

For each attribute in A,

P~ (r()-r)ren

A(0 ... K) — Ascending order sort based on P(L/A)

Assign each attribute a priority based on P (L/A) from 0 to K in increments of 1.

For each training data records imported calculate the sum of priorities for the attributes that occur in that
record.

H{O ...M) = X crecora Each attribute occuring value 3)

H(0 ...M) — Ascending order sort
Calculate interquartile range for H(0...M)

IQR=Q3-Q 1 (4)

Find farthest entries in H (0...M)

If H (0... M)>1.5% IQR (5)
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Find corresponding record and remove it from dataset as it an outlier.

M=M-0O (6)

Symbols:

D (0...N) - Dataset with N records A (0...K) — Record with K attributes

H (0...M) — Sum of priorities for each record in training set of point M L: Label in the dataset

The above algorithm is only used for identifying outliers for a single label. The attributes for other labels can
be calculated in similar way.

3. Data Set & Tool used

Adult Census Income dataset is downloaded from the UCI Machine Learning Repository. Total number of
instances are 48842, number of attributes are 14 and it is a multivariate data set. Attributes are Categorical,
Integer. Tool used is Jupyter Notebook. The Jupyter Notebook is net application that enables you to make and
share documents that contain live code, equations, visualizations and narrative text. Uses include: information
cleansing and transformation, numerical simulation, applied mathematics modeling, information visual image,
machine learning, and a far lot. The Notebook can be used to code in many languages, including Python, R, Julia,
and Scala.

4. Experimental Result and Discussion
Data Pre-processing

One of the main shortcomings of the given algorithm is that it only works for categorical data. The reason for
this is because the algorithm needs to calculate posterior probability for each distinct attribute. For continuous
attributes the no of distinct values may be extremely large. Hence it is important to convert this continuous data
into categorical data. The attributes age, capital gain, capital losses are converted into categorical data. Missing
values are also removed.

age workclass education education.num \
1 Senior Private HS-grad 9
3 Adult Private 7th-8th 4
4 Adult Private Some-college 10
5 Adult Private HS-grad 9
6 Adult Private 16th 6
7 Senior State-gov Doctorate 16
8 Senior Federal-gov HS-grad 9
10 Adult Private Doctorate 16
11 Adult Self-emp-not-inc  Prof-school 15
12 Adult Private Bachelors 13
13 Adult Private Masters 14
15 Adult Private Prof-school 15
16 Adult Private 11th 7
17 Adult Private Masters 14
19 Adult Private Bachelors 13
20 Adult Private Bachelors 13
21 Adult Private 11th 7
22 Adult Private HS-grad 9 5
~n adre ol el A miasican X A .

- AT . ™

Fig 2.Preprocessed Data
Implementing the algorithm

The pandas library in python is used for implementation. Pandas provide statistical and data mining tools for
coding in python. The implementation first starts with calculating the conditional probability of each attribute and
placing them in ascending order. After that based on assigned probability a weight is calculated for each similar
label record. On implementation it is quite obvious that records with similar labels will have weights close by.
Hence a interquartile range value can be used to identify weights which are far away.
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[('Priv-house-serv', 0.0069930069930069921), ('Youth', ©.011912096939823372), ('Own-child', ©.01433049708911777
8), ('Other-relative’, 0.03937007874015748), ('1st-4th', ©.039735099337748346), ('Other-service', 0.0410958964109
58902), ('Sth-6th’, 0.041666666666666671), ('Never-married’, ©.048324079786140235), ('9th', 0.65494505494505494
4), ("11th', ©.856297709923664119), ('low', 0.058823529411764698), ('Handlers-cleaners', 0.061481481481481484),
(*7th-8th’, 0.06283662477558348), ('Unmarried’, 0.066313823163138233), ('Separated', 0.670287539936102233), (‘16
th', 9.671951219512195116), ('12th', 0.6769236769230676927), ('Married-spouse-absent', ©.683783783783783788), ('Ot
her', ©,098909090909090925), ('Widowed', ©.896735187424425634), ("Not-in-family', ©.10652342738804038), ('Divorce
d', 0.10726150925486475), (‘Armed-Forces', ©.1111111111111111), ('Female', 0.11367818442036394), ('Farming-fishin
g', 0.11627906976744186), ('Amer-Indian-Eskimo’, ©.11888111888111888), ('Machine-op-inspct’, 0.1246185147507629
7). ('Black’, 0.12992545260915869), ('Adm-clerical', 0.13383499059392634), ('HS-grad’', ©.16432926829268293), ('So
me-college’, 0.20005989817310574), ('Transport-moving', ©.20292620865139949), ('none’, ©.21405299739357081), ('Pr
ivate', 0.21879206676837479), ('Craft-repair', 0.22531017369727€49), ('Senior’', 0.22564102564102567), ('none', O.
23563598399164781), ('veryhigh®, 0.25), ('Assoc-acdm', ©.2539682539682539), ('Assoc-voc', 0.26319816373374139),
(‘White', ©.26371804264836313), ('State-gov', 0.26896012569773259), ('Sales', 0.27064732142857145), ('Asian-Pac-
Islander', 0.27709497206703909), ('Self-emp-not-inc', ©.2857142857142857), ('Local-gov', ©.2946298984034833), ('A
dult', 0.29731063409819886), ('Tech-support', 0.30482456140350878), ('Male’, 0.31383709519136405), ('Protective-s
erv', 6.32608695652173%908), ('Federal-gov', ©.38706256627783664), ('Bachelors', 0.42149088025376685), ('high', ©.
44599303135888496), ('Prof-specialty’, ©.44848935116394251), ('Married-civ-spouse’, ©.45495911837895486), ('Husba
nd’'. B.45566877958757923). ('Married-AF-spouse’. 0.47619047619047616). ('Exec-manacerial’'. 0.48522044088176353). ~

Fig 3.Attributes with conditional probability in ascending order
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Fig 4.Weights of records with label(>50k) with corresponding record number.

The IQR (Inter quartile range) = "48

No of records with label(>50k) Outliers identified Outliers percentage
7508 246 3.27%
Table 1.No of outliers identified

I age Senior -
workclass State-gov
education Doctorate
education.num 16
marital.status Never-married
occupation Prof-specialty
relationship Other-relative
race wWhite
sex Female
capitalgain none
capitalloss veryhigh
hoursperweek 20
nativecountry United-States
income >56K
Name: 7, dtype: object
e Adult
workclass Private
education Doctorate
education.num 16
marital ctatuc Nivarced o

Fig 5.0ulier in Dataset
5. Conclusion

This paper has presented an algorithm for identifying outliers. As we saw that the algorithm successfully
classified 3.27% of the dataset as outlier. While the number may seem small the records provide extremely
valuable information. By using the posterior probability to assign weight for each record the algorithm created
clusters and eliminate those as outliers which fall outside them. Hence the algorithm is successful in identifying
outliers for any dataset provided that dataset has categorical data.
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