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ABSTRACT

Negative selection algorithm(NSA), which is the most representa-
tive classification algorithm among immune heuristic algorithms,
has been successfully applied to solve many classification prob-
lems. However, there are two obvious problems with NSA. First,
NSA establishes specific antibodies for each antigen based on the
mechanism of specific antigen matching antibody, which leads to
too many and redundant detectors. Second, the detection stage
needs to calculate the matching degree of the antigen with all the
detectors, and the detection efficiency is low. This paper proposes
a new non-specific natural killer cell algorithm (NKA) based on
pathogen dose. NKA draws on the mechanism of NK cells con-
structing phenotype detectors based on pathogen dose. First, NKA
defines dose and phenotype detector, and optimizes it based on
the memory evolution mechanism of phenotype; then establishes
k-d tree for the optimized phenotype, and pathogens only need to
match the dose with the nearest phenotype detector. Experimen-
tal results show that the method proposed in this paper, NKA, can
not only achieve a better performance through fewer detectors, but
also has a higher efficiency in the training and detection phase,
compared with three NSA-based algorithms.
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1 MOTIVATION

Artificial Immune System (AIS) is a type of computational intel-
ligence inspired by the Biology Immune System (BIS), and more
precisely, the Human Immune System (HIS). Negative selection al-
gorithm (NSA) was proposed by Forrest [2], and it is one of the
most representative algorithms in AIS. NSA classifies pathogens
through self (normal) and nonself (abnormal) discrimination mech-
anisms. It has been successfully applied to various fields, especially
classification problems, such as computer intrusion detection, ano-
maly detection, and fault detection. At the same time, many people
have made various improvements to the algorithm to improve the
efficiency of the algorithm and expand the application of the algo-
rithm [7].

However, there are two problems with NSA in nature that limit
the improvements of NSA :

(1) The algorithm establishes specific antibodies for each anti-
gen based on the mechanism of specific antigen matching
antibody, which leads to an excessive number of detectors
and numerous redundant detectors;

(2) The detection phase needs to calculate the antigen and matc-
hing degree of all the detectors, the time complexity is high,
and the detection efficiency is low.

2 PROPOSED METHOD

First, we abstract the dose-driven innate immune memory estab-
lishment process of NK cells , as shown in figure 1.

There are three states of NK cells: resting NK cells, effector NK
cells and memory NK cells [4]. The phenotype, which is used by
NK cells to identify and study functional subsets, has served as
an accessible means for profiling NK cells in different states [5, 6].
When NK cells are in a resting state, the pathogen dose is very
small, and their surface phenotypes are mainly KLRG1! and hi,
CDe62Lto and int etc. At this time, no immune response is produced.
When resting NK cells are stimulated by a certain dose of pathogens,
they will transform into effector NK cells. The phenotypes on the
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Figure 1: The innate immune memory establishment pro-
cess of NK cells

surface of effector NK cells are mainly KLRGlhi, CDe2Lint and hi,
and the immune system produces a mild immune response. When
the pathogen dose further increases, the effector NK cells will dif-
ferentiate into memory NK cells and produce the function of innate
immune memory. The main phenotypes on the surface of memory
NK cells are KLRGlhi, CD62LZ", etc. Memory NK cells with the
phenotype against this pathogen invasion have a longer survival
time than other NK cells, so when non-specific pathogens invade
for a second time, only a lower dose of pathogens can activate mem-
ory NK with these phenotypes cells, the immune system will rec-
ognize pathogens with a faster and stronger immune response and
protect the body.

The pathogen dose based NKA has two notable features which
avoid the two problems of NSA:

(1) The establishment of the phenotype detector of natural killer
cells is not specific to a certain pathogen, but non-specifically
to the dose of all pathogens with certain characteristics in a
certain dangerous zone. The dangerous zone is inspired by
the Danger Theory which was proposed by Polly Matzinger
[3]. And NKA establishes different NK cell phenotypes based
on the characteristic dose of pathogens;

(2) When classifying the pathogen, NKA only needs to compare
with the core pathogen in the nearest dangerous zone.

NKA mainly consists of four stages: definition of the pathogen
feature space, generation of the phenotype detectors, evolution
of phenotype detectors and detection phase. The definition of the
pathogen feature space stage maps the input data to n-dimensional
real-valued vectors to characterize the pathogens feature space.
The generation of the phenotype detectors stage defines the pathogen
dose and clusters the abnormal pathogen dose as the phenotype
detector. The evolution of phenotype detectors stage achieves the
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purpose of optimizing the detector through the cloning, tolerance,
and extinction operations of the phenotype detector, and then the
k-d tree is established for the optimized phenotype detectors (see
[1] for details). The detection stage uses dose matching with the
nearest phenotype detector to check whether testing sample is nor-
mal or abnormal. The time complexity is reduced from O(n) to
O(log n + f), where n Is the total number of phenotype detectors,
and f is the number of leaf nodes.

3 EXPERIMENTS

We use two data sets in the UCI data set as experimental data, and
compare the proposed model with the traditional negative selec-
tion algorithm RNS based on the self-nonself discrimination mech-
anism and its classic improved version V-detector and NSA-PSO.
The experimental results show that the NK cell model based on
pathogen dose proposed in this paper can not only achieve a better
effect to the negative selection algorithm through fewer detectors,
but also has a higher efficiency in the training and detection phase.

4 CONCLUSIONS

Aiming at the problem that distance-based NSA cannot establish
an effective detector in normal and abnormal mixed areas, a nat-
ural killer algorithm (NKA) based on pathogen dose is proposed
in this paper. A theoretical analysis and experimental results show
that NKA has a better accuracy, detector generation quality, train-
ing and testing complexity compared to three versions of distance-
based NSA. Hence, it is suitable to use NKA for classification tasks
in both low-dimensional and high-dimensional space. Future work
will mainly focus on more in-depth theoretical analysis and ap-
plying NKA to more different situations to explore more possibili-
ties of this method, such as intrusion detection, anomaly detection,
fault diagnosis.
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