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INSpIrEUyANature...

IVIRG OrEenISIs e :xnb]" Xt cmelv sophisticated learning
dNENPIeEESSING abllitiesithat allow them to survive and
ProliErate

} B p
naturernasialwaysiservedias inspiration for several
SC|ent| ic and téchnological developments, exp: Neural
Networks, Evelutionary Computation

= immune system: parallel and distributed adaptive
system w/ tremendous potential in many intelligent
computing applications.
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PDOUIES ‘[rom joreign pathogens
JcterJa,). —
n FmJ aterimmunersystem, (initial, limited, ex: skin, tears,

reus)

Acquirediimmune System (Learns how to respond to
NEW threats adaptively)

= Primary immune response
m First response to invading pathogens
= Secondary immune response
m Encountering similar pathogen a second time
= Remember past encounters
m Faster and stronger response than primary response

NSF-NGDM, Nov. 1-3, 2002, Baltimore, MD Nasraoui, Gonzalez, Cardona, Dasgupta: Scalable Artificial Inmune System Based Data Mining




Pomtsiofstrength of The
Limmuie Sys-t |

”:‘GJ erun ( ;nor‘hly detection, Noise tolerance)

Reinforcement learning

Memory (remembers past encounters: basis for vaccine)
Distributed Detection (no single central system)
Multi-layered (defense mechanisms at multiple levels)
Adaptive (Self-regulated)
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"

relghrarproe Frecoqnition and stimulation, B-Cells will
cloneland mutate to proeadl lice d| diverse set of antibodies
slelelejicle] fo) clfffef AEr

il
k.

'B- F‘aj SEcrele antibogd ig w/ paratopes that can bind to
specific antigens.( emrr pes) and destroy their host invading agent
through a K7LL SUICIDE, or INGEST signal.

*+»B=-Cells antibody paratopes also can bind to antibody
idiotopes on other B-Cells, hence sending a STIMULATE or
SUPPRESS signal = hence the Network = Memory
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NS Compactiessiofirepresentation
neNewverkeel Brecells: eachrcell can recognize several antigens
“m B-cellsicompressediinto clus ters/sub -networks

s Fast u crementallprocessing of new data points

N NWWS only: activated sub-network
m Activated c dated incrementally

m Proposed appreach learns in 1 pass.

m Clear and fast identification of “"outliers”

s New antigen that does not activate any subnetwork is a
potential outlier = create new B-cell to recognize it

m This new B-cell could grow into a subnetwork (if it is stimulated
by a new trend) or die/move to disk (if outlier)
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1-Pass Adaptive
Immune
Learning

;

Evolving Immune
Network
(compressed into

subnetworks)

Immune network
information system

Stimulation (competition
memory)

Age (old vs. new)

Outliers (based on
activation)
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nter w mmune Internal Immune
‘ﬁ| Interactions
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Creation F.qnlmlll' o a makhing
(by cloning ) antigen (e fresh age)
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Continu

Immune
Learning

DUS Initialize ImmuNet and MaxLimit

A

Compress ImmuNet into K subNet’s '4- ------------ Memory :]

Constraints

Present NEW antigen data

Trap Initial Data -.

<mmn $mmn  <mmmn

Identify nearest subNet*

Compute soft activations in sub/Net*

Activates
ImmuNet?

Update subNet* ‘s ARBs’ stimulations
Clone antigen

Clone and Mutate ARBs I

Domain
Knowledge

j ...... Kill lethal ARBs
Constraints

Kill extra ARBs (based on

age/stimulation strategy) OR
increase acuteness of competition OR
Move oldest patterns to aux. storage

ImmuNet *
Stat’s
stuallzatzon |

<4— Compress InmuNet < I
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ificial Immune

ter Ap i)mxlm:-' Reasoning abilities

Each , ) 0 have is own zone of influence with
Size/scale: o;

ARBs dynamically adapt their influence zones/hence
stimulation level in ai strife for survival.

Membership function dynamically adapts to data

Outliers are easily detected through weak activations

No more dependence on hard threshold-cuts to establish network
Can include most probabilistic and possibilistic models of uncertainty
Flexible for different attributes types (numerical, categorical, ...etc)
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B-cell;: i"* candidate profile:
® List of URLSs
® Historic Evidence/ Support: List of supporting cumulative conditional
probabilities (URL,, prob(URL))) with prob(URL,) = prob(URL, | B-cell,)
® Each profile has its own influence zone defined by
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