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Mimicking immunological memory mechanisms in data analysis

Immunological Algorithms
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Many innovative computer

science techniques mimic nature
in some way. For instance,

an algorithm inspired by biological
mechanisms of immunological
memory can be used to identify
thematic groups within very

large sets of textual documents

Work on developing artificial immune
systems (AIS), underway for nearly two
decades now, represents one avenue of a
broader domain of research on biologically-
inspired computing methods, embracing
neural networks, genetic algorithms (in-
spired by the mechanisms of evolution),
and swarm algorithms (based on the collec-
tive, self-organized behavior of individual
units, such as ants or birds). Artificial im-
mune systems harness algorithms inspired
by the mechanisms identified by theoreti-
cal immunology. But how can the biological
mechanisms of the immune system be used
for searching data? To understand that, first
let’s take a closer look at how the immune
system works.

System of defense

The main actors involved in the im-
mune system’s defensive reaction are
lymphocytes, a kind of white blood cell.
They are classified (based on their place
of origin) into two basic groups, known
as B-cells and T-cells. The surface of each
B-cell has certain receptors called antibod-
ies, which are proteins capable of binding
antigens (i.e. foreign bodies like bacteria,

Wojciech Biedrzycki

viruses, fungi, etc.) that pose a threat to the
organism. The characteristic part of each
antigen which gets recognized and bound
by an antibody is called an epitope or anti-
genic determinant; each basic determinant
type is called an idiotype. Similarly, the
particular fragment of an antiboty which
actively binds to the epitope of a given
antigen is called a paratope. While antigens
possess only epitopes, antibodies have both
epitopes and paratopes.

Real paratopes and epitopes are 3D
structures. If they are complementary in
terms of their geometric, physical, and
chemical properties, we say that a paratope
recognizes or binds a presented epitope. To
study the interactions between epitopes
and paratopes, the concept of a “shape
space” was introduced, i.e. a multidimen-
sional space whose various dimensions
correspond to specific characteristics of the
molecules analyzed. In this context, the spe-
cificity of the epitope-paratope bond can be
treated as the degree of similarity between
the two molecules, most often defined as
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The mechanism involved
in the clonal selection
process, optimizing

the body’s immune
response. In the presence
of a dangerous antigen,
only those lymphocytes
which possess receptors
recognizing that antigen
will become activated.
The number of lymphocytes
which bind to the right
foreign antigens sharply
increases and that quickly
leads to the production

of specific resistance

to the pathogen












