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Abstract
Local Outlier Factor (LOF) is an important and well known density 
based outliers handling algorithm, which quantifies, how much 
an object is outlying, in a given database. In this paper first we 
discuss LOF then we introduce the concept of ARDV. In LOF 
there is a concept of lrd (local reachability density). If in place of 
lrd we calculate ard (average reachability distance) and in place 
of LOF we calculate variance in ard (ARDV) then experimental 
results show that percentage of detecting correct outliers increases 
without increasing time complexity.
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I. Introduction
Data Mining is mining of knowledge rather than data [3]. 
Some people consider the Data-mining as synonym for KDD ( 
Knowledge Discovery in Database) while many other consider this 
as an important step of KDD process. Whatsoever its purpose is 
clear. Most common task of data mining include outlier detection, 
classification of data, Prediction, Cluster analysis etc. 
Generally, genuine database follow some specific model but 
certain data object may not fit with that model. Such data objects 
are considered as outliers. Hawkins states that “an outlier is an
observation that deviates so much from other observations as to 
arouse suspicion that it was generated by a different mechanism” 
[4]. From the definition it is clear that outliers are exceptions. 
But in many applications exceptions are more important than the 
regular one. Examples of such application are criminal activities 
in E-commerce, telecom and credit card frauds, loan approval, 
intrusion detection, video surveillance, pharmaceutical research, 
transportation, public health, public safety etc. [5-6].
Many outlier mining techniques are available, but this paper is 
emphasizing on Density based outlier mining technique. Rest of 
the paper is organized as follows: In section II, LOF is revised. In 
section III, the proposed enhanced algorithm is explained in detail. 
In section IV, Complexity analysis is discussed. In section V we 
present the experimental results. Finally, Section VI concludes 
the paper.

II LOF [1] Revised
LOF (Local Outlier Factor) [1] is the first concept that quantifies 
how outlying an object is relative to other objects in the database. 
This concept ( LOF) was introduced by Markus M. Breunig, 
Hans-Peter Kriegel, Raymond T. Ng and Jörg Sander. Definitions 
necessary to explain LOF formulation are given below. Details 
about LOF can be found in any good data mining book such as 
[3] or on in [1]. For all the definitions below, k is considered as 
natural number.

Definition 1
(k-distance of an object p denoted as k-distance (p)):- For any 
positive integer k, the kdistance (p) is defined as the distance 
between p and it’s kth nearest neighbor.

Definition 2
(k-distance neighborhood of an object p represented as Nk(p)):- 
this is the total no of object whose distance from p is not greater 
than the kdistance.

Fig. 1: Depiction of k-Distance, k-Distance Neighborhood, 
Reachability Distance for k = 4

Definition 3:
(reachability distance of an object p with respect to object o 
denoted as reach - dist (p) k ):- This is the maximum of kdistance 
(o) and the distance between p and o.

Example
This example is taken from [11]. Consider fig. 1 for explanation. 
Values of k taken hear is 4. So 4-distance of object p in Fig-1 is 
the distance between p and q because q is the 4th nearest neighbor 
of p. The 4-distance neighborhood of p (the value of N4(p)) is 6
as only 6 objects are lying inside or on the periphery of circle with 
centre p and radius k-distance(p). Now, reachability distance of 
r with respect to p is kdistance (p) i.e. distance between p and q 
while reachability distance of s with respect to p is actual distance 
between p and s as described in definition 3.
It has to be remembered that LOF uses the borrowed concept of 
MinPts and reachability distance from DBSCAN [7] and OPTICS 
[8].
Let MinPts be the parameter to indicate the mass and reach - dist 
MinPts (p,o) for o∈NMinPts (p), be a measure of the volume . for the 
definition below MinPts is the user supplied value for k.

Definition 4
(local reachability density of an object p):- The local reachability 
density (lrd) of p is defined as
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Clearly, the local reachability density of an object p is one divided 
by the average reachability distance based on the MinPts-distance 
neighborhood of p.

Definition 5
(local outlier factor of an object p):- The local outlier factor of 
an object p is defined as

Formula makes it clear that if lrd of object p is low and lrd of p’s 
neighborhood is high than LOF value for object p will be higher 
indicating it’s higher outlier-ness.
Algorithm for LOF can be written as:
Algorithm 1:- LOF Algorithm
LOF Algorithms (D, MinPts, δ)
1. For each object p∈D (Dataset).
2. Calculate the MinPts-dist (p).
3. Calculate the MinPts-dist neighborhood(p).
4. For each object p∈D (Dataset).
5. Calculate reachability distance (p).
6. Calculate local reachability density lrd(p).
7. For each object p∈D (Dataset).
8. Calculate local Outlier Fctor LOF(p).
9. If LOF(p) > δ.
10. Then object (p) is an outlier.
11. Else object (p) is not an outlier.
12. End

III ARDV Algorithm
LOF (p) and lrd(p) are defined above. Let we we introduce new 
term “average reachability distance” or ard defined as:-

Definition 6
(average reachability distance of an object p):- The average 
reachability distance (ard) of p is defined as

i.e. average reachability distance of an object p with respect to its 
MinPts-distance neighbors is the average of reachability distance 
of p from its MinPts-distance neighbors. Like lrd, ard is also 
the indication of density. Small ard maps to dense region i.e. 
high density while large ard maps to sparsh region (low density) 
[11].
Now in place of calculating local outlier factor, if we calculate the 
variance in average reachability distance (ard), we will see that 
probability of detecting correct outlier increases. Let we give the 
name ARDV to “variance in average reachability distance”.

Definition 5
(variance in average reachability distance of an object p):- 
Variance[2] of a random variable or distribution, as defined in 
Wikipedia, is a measure of the amount of variation within the 
values of that variable. It is an indicator of the “spread” of a 
distribution.
Let we consider the variance of average reachability distance of 
an object p with respect to data objects that are MinPts-distance 
neighbors of p and call this variance as average reachability 
distance variance. Let we call this average reachability distance  
variance as ARDV. ARDV is formulated as follows:-

It is clear from above formulation that average reachability 
distance variance is the average of square of difference between 
ard of p to that of its MinPtsdistance neighbors. Higher value of 
ARDV of an object p i.e. ARDV(p) > δ (Where is the threshold 
value) indicates the greater degree of outlier-ness of the object 
with respect to its surrounding (MinPtsdistance neighborhood).
Algorithm 2:- ARDV Algorithm
ARDV Algorithms (D, MinPts, δ )
1. For each object p∈ D (Dataset).
2. Calculate the MinPts-dist (p).
3. Calculate the MinPts-dist neighborhood(p).
4. For each object p∈D (Dataset).
5. Calculate reachability distance (p).
6. Calculate average reachability distance ard(p).
7. For each object p∈D (Dataset).
8. Calculate average reachability distance variance
ARDV(p).
9. If average reachability distance variance
ARDV(p) > δ.
10. Then object (p) is an outlier.
11. Else object (p) is not an outlier.
12. End

IV Complexity Analysis
LOF requires three complete scan of the database. The first scan 
calculates MinPts-dist and MinPts-nearest neighborhood. Second 
scan calculates the reachability distance and local reachability 
density While the third scan calculates LOF value of each and 
every object in the database. ARDV also uses three complete scan 
of the database. First scan is similar to that of LOF, second scan 
calculats reachability distance and average reachability distance 
while third scan calculated ARDV in place of LOF. It is clear 
from the above formula thar lrd uses square root that’s why takes 
more time in comparison to ard. Therefor overall time taken by 
ARDV is less than LOF.
It is very clear that both LOF and LRDV have same time complexity 
and that is between O(n log n) and O(n2) depending on the use 
of indexing structure and dimensionality of data[5]. Complexity 
analysis for LOF is discussed in detail in [1].

V. Experimental Results
Experiments were done on KDD CUP 99 Network Connections 
Data Set. The dataset is obtained from the UCI Repository [16]. 
We selected 1000 records for test dataset. out of these 1000 records 
there are 43 attack connections. These 43 attack connection are
outliers.
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Experiments are conducted on Pentium-4, 3 GHz processor and 
1 GB of RAM. All algorithms are implemented in JAVA.
LOF is a well known outlier detection method and ARDV is 
inspired by LOF. So we compared our algorithm with LOF. We 
ran the algorithms for different input parameters and found that 
our algorithm is performing better in most of the cases. Summary 
of the results after running all the algorithms is shown in Table 1. 
In fig. 2 its graphical representation is shown.

Table 1: Results with MinPts = 10

Fig. 2: Actual Outliers Detected by, LOF and ARDV

VI. Conclusion
In this paper, a new scheme ARDV for outlier detection has been 
proposed. This new scheme is based on LOF. It is clear that overall 
time taken by ARDV is less than LOF. Time complexity of ARDV 
is at least not more than LOF and still ARDV is predicting outliers 
more correctly. ARDV is finding many outliers that are missed 
by LOF.
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