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Basic Knowledge

0 Electrical,
Classical Al Industrial

- Engineering
» Computer Science/Informatics
* Mathematics

» Statistics
Bio-inspiredAl
—> %
* Biology

Aspects of Intelligence

Humans are good at recognizing patterns
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Humans are good at
understanding even
difficult handwritings
- thus human
recognition capability
is robust
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Steltyence

Al e,

mtellioence

SAMPLES OF HANDWRITING
FROM 5 DIFFERENT PERSOINS

Aspects of Biological Intelligence

» Capability toLearn

» Capability to Generalize/Classify

« Capability to Survive

« Gathering of Information
+ Recognizing Patterns

« Common Sense

» Logical Thinking

* Predicting/Forecasting

+ Self-repair

Self-guidance

« Reproduction

« Making Decisions

+ Reasoning Capability

* Predicting/Forecasting
* Understanding Noisy

* Fuzzy Information
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Natural Expression

Natural Expression Prototype

‘/_ I i B~ s I

Bristol Robotics Lab, University of Bristol, UK
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Humans Have Self-repair
Mechanisms in Their Bodies

What is Artificial Intelligence?

The Human Brain

The Cerebrum

Al is a “tool” that has been developed to imitate
human intelligence and decision-making functions,
providing basic reasoning and other human
characteristics.
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Can Machines be Developed to Have
Intelligence?

.ri%ai‘\l\
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. .y inspiring new behaviours for
A robot swarms [ TN a4

N

Perhaps one way to do this 1sto
develop algorithms based on
human or animal intelligence.

How Do We Design Intelligence?
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Copying from Biological Systems

COMPUTER ARCHITECTURES

* The Motherboard:
from single layer to
multilayer

TYAN K

S SystemBoard [

Copying from Biological Systems
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Copying from Biological Systems

The design of the optimal length of robotic
manipulators should follow the human arm
(T. Yoshikawa, Kyoto University).

Automated Disassembly
Equipment for Mobile Platforms

Copying from Biological Systems

Everyone,
including
identical twins,
has a unique
fingerprint. In
other words,
people's identities
are coded at their
fingertips. This
coding system
may also be
compared to the
barcode system
that is used today.
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Intelligence that Can Be Designed

« Self learning machines
+ Self-organizing systems
» Self-optimization

« Path planning

» Pattern recognition

» Decision making

* Prediction

How Do We Design Intelligence?

« Study from biological models (brain, genetic, DNA,
life, molecular biology, ....) = Neural Nets, Genetic
Algorithm, Artificial Life, DNA Computing, etc.

+ Study from human phenomena (common sense,
reasoning, predicting, observing, inference, ...) 2>
Fuzzy Logic, Expert Systems, Search Techniques,
etc.

* Need to develop mathematical/logical algorithms
based on the above biological models or phenomena.
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Bio-inspired Intelligent Algorithms (BIAs)

Bioinspired intelligent
algorithms

Inspired from
organism behaviors

| |

Inspired from
organism structure

DNA
Computing

Based on the Based on other
foraging behavior behaviors Artificial
I System
Ant Colony Firefly T
‘{ Algorithm ‘ —l algorithm i eE::rr‘\sepll\::)drk
Bee Colony Bacterial Chemotaxis:
Algorithm Algorithm :
- - Membrane
Bacterial Foraging| Computing
Algorithm

Shuffled Frog
Leaping Algorithm

Monkey Climbing
Algorithm

Inspired from
evolution

Based on
biological evolution

Invasive Weed
Algorithm
Chemical

Genetic Program
Selfish Gene
Algorithm

Based on
social evolution

Culture
Algorithm

Coevolution
algorithm

BlAs Applications

Category Name

Advantages

Applications

Bacterial Foraging

Parameter insensitivity; strong

Image segmentation; robot path planning;

Inspired from Algorithm robustness; easy implementation optimum scheduling; optimal power flow
organism behavior Monkey Climbing A f?w pfxrameters to adjust; Iow_ Optimal sensor placement; feature selection
calculation cost; fast convergence %
Algorithm fate and extraction; numerical optimization
i ism; ivi ity; ic ; task
DNA Computing Hl_gh parallelism; massi e storage lnf9rmation security: robom control; task
ability; low energy consumption assignment problem; clustering problem
) Membrane Inherent parallelism; distributed Nrt:)rlt)llee;l:.a:;gt:m;zrat;(;nLl;:gatc: ;:::::g
Inspired from Computing feature; nondeterminism P v CONE - e 8

organism structure

Artificial Immune

Noise patience; learning without
teacher; self-organization and

salesman problem

Community detection; anomaly detection;

System identity fault diagnosis; web page classification
Selfish Gene High convergent reliability and ~ Optimization design problem; traveling
Algorithm convergent velocity salesman problem; scheduling problem
Inspired from Invasive Weed Easy to understand; good Image clustering problem; parameter
evolution Algorithm adaptability; strong robustness  estimation problem; numerical optimization
With a double evolution Pattern recognition; multirobot coordination;
Culture Algorithm  structure; high search efficiency; fault classification; engineering design

with a certain universality

problem

20
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Inspired by Organism Behavior:
Swarm Intelligence
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Emergent Collective Behavior

Some animal societies display coordinated and purposeful navigation of
several individuals (from tens to thousands).

Each individual uses only local information about the presence of other
individuals and of the environment.

There is no predefined group leader.

Flocking

@)
A" <4
——
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Emergent Collective Behavior

In some cases there is a leader and
more restrictive rules on relative
motion, but individuals still use local
information to decide how to move.

Swarm Intelligence

Swarm Intelligence is the emergent collective intelligence of groups of
simple individuals.

Main principles:

1) The swarm can solve complex problems that a single individual
with simple abilities (computational or physical) could not solve.

2) The swarm is composed of several individuals, some of which
may be lost or make mistake, but its performance is not affected.

3) Individuals in a swarm have local sensory information, perform
simple actions, have little/no memory; they do not know the global
state of the swarm or its goal.

j%%— 24
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Application of Character Animation

Emergent coordinated behavior. The approach is applicable to any type of
animated characters in groups where behavior coordination is used.

(OURSE. 07
(OURSE ORGANIZER. DEMETRI TERZOPDULDS

R0IDS bEMOS

(RAIG REYNOLDS

SILICON STUDIOS, MS 3(-980

2011 NORTH SHORCUNE 2LYD
MOUNTAIN YIEW, (A 04020-7211

The Lion King, 1994 (Walt Disney)
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Particle Swarm Optimization

Particle Swarm Optimization is an optimization algorithm inspired
upon birds flocking to find the best food area.

A caricature scenario:

The flock wants to find the area with the
highest concentration of food (insects).
Birds do not know where that area is, but
each bird can shout to their neighbors
how many insects are at its location.
Birds also remember their own location
where they found the highest
concentration of food so far.

The flock is most likely to succeed when birds combine three strategies:
1) Brave: keepflying in the same direction

2) Conservative: fly back towards its own best previous position

3) Swarm: move towards its best neighbor

{%.-

26

Seminar Nasional Pendidikan Biologi dan Saintek (SNPBS) ke-VI 2021 | 13



ARTIKEL PEMAKALAH UTAMA

Ant Trails

1374-63
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3 Nest "o Food
Stgmergy  Z s wsmr s
The term indicates communication Nest b w Food
among individuals through mﬂ%ﬁﬁ L S
modification of the environment. e
Obstacle
For example, some ants leave a
chemical (pheromone) trail behind iasi ,p;”!; -
to trace the path. The chemical e .._;,"‘.:,t“*.mn.w_.....
decays over time. we % T
1 ; Obstacle
This allows other ants to find the
path between the food and the e
nest. Italso allows antlst tofind the agi » ,p;" ﬁ‘;ﬁ* 2 od
o
cht)f:tsest path among alternative e B -.%aﬁ.ﬁ.*m....
. Obstacle
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Finding the Shortest Path

1) As they move, ants deposit
pheromone

2) Pheromone decays in time

3) Antsfollow path with highest
pheromone concentration

4) Without pheromone, equal
probability of choosing short or
long path

T
A

=

Shorter path allows higher number
of passages and therefore
pheromone level will be higher on

shorter path.
Ants will increasingly tend to
choose shorter path. Goss et al. 1989, Deneubourg et al. 1990
,J‘Q.,L,\g'r 29
/f<‘\ o
Ant Colony Optimization (ACQO)
T . damaged
Ant Colony Optimization is an algorithm node
developed by Dorigo et al. in 1994 inspired \ B
upon stigmergic communication to find the \
shortest path in a network. '
| P | ".' //\\I
Typical examples are telephone, internet, & B

and any problem that can be described as \\\\l
Travel Salesman Problem. Used/adopted — R

by British Telecom, MCI Worldcom, Barilla, * ‘ @
etc. \ //l\;

Advantage of algorithmis that, as ants do, it ‘
allows dynamic rerouting through shortest \./
path if one node is broken. Most other A o

algorithms instead assume that the network
is static.
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Swarm Robotics

Sources of Inspiration

5

31

Key Properties

« Composed of many individuals

« The individuals are
relatively homogeneous.

+ The individuals are relatively incapable.

» The interactions among the individuals
are based on simple behavioral rules
that exploit only local information.

* The overall behavior results
from a self-organized process.

7~ 32
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Application (1): Environmental Monitoring

« Swarm of mobile robots for localizing an odor source
« Simple behaviors based on odor and wind detection

« Communication can help to increase the efficiency.

Robot's Path ﬂalGaN

S‘(}Jrce
StepS|ze \ /
\
/,’6' w-c% \‘\\"’
& (D2
= K/ Ml
SpiralGap2—— Qdor Hit Plume
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EU FP7 ICT Project - SHOAL

A shoal of robotic fishwill:
Artificial Intelligence Component » functionin coIIaboratlon,

» monitor pollutionin a port, and
[ [ 4 » map pollution levels & its position.
\/ Y \ 4
Chemical Fluid 3 :
3 3 Comms Triangulation
Analysis Dynamics —7Z— z
Component Control Cemponsnt Bevices
1 Testingat De Gijon Port, Spain Referred from NMRI, Japan
A J S
Robotic Fish
Mechanics

Internal sensors
(inertial. gyro, etc)

34
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Environmental Monitoring

> For optimal coverage of an
environmental variable for
pollution monitoring.

> Control of real and
simulated agents using a
combination of bacteria
controller and flocking
controller.

> Architecture and system
design for the System.

Each agent communicates with ase
neighbour. It also runs bacteria ’
and flocking algorithmsin R

combination.

GPScoordinates sentto
A individual Robots

Eachagent reads
Environmentalvariable.

—
Environmental variable
affects flock distribution.

&+

(Source: Prof. H. Hu, School of CSEE, University of Essex, UK.) 35

Application (2): Coordinated Task

» Taskrequires cooperation

No explicit communication

» Behavior-based approach

Kube and Zhang, 1993;
Kube and Bonabeau, 2000

* Ant-inspired stagnation recovery mechanism

Hoelldobler et al., 1978

|
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Coordinated Transportation

Inspired by Organism Structure:
Artificial Immune Systems

»

X,

{
X o
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Biological Immune Systems

« Living organism must protect themselves from the attempt of other
organisms to exploit their resources

» Some would-be exploiter (pathogen) is much smaller than its target
(the host)
—The organs that the host uses to interact with the environment are
poorly suited to the detection and elimination of potential pathogens
—The pathogen can reproduce much faster than the typical host and can
rapidly evolve new strategies of attack
* Physical barriers, alteration of physiological conditions, and
avoidance of dangerous environments are only a partial solution
* The host needs a set of countermeasures which operate at the
same scale and which can keep the evolutionary pace of the
pathogens.

+ This collection of countermeasures constitutes the immune system
of the host.

39

Functions of the Immune Systems

The immune system must:
» Detectthe pathogens once they have entered the host body

 Eliminate the pathogens with minimal cost in terms of resources
employed and damage done to the host

* |nitiate the repair of the damages done by the pathogen

Additionally, the immune system can be asked to:

» Detectand repair the malfunctioning and failures of individual host cells
(e.g., damaged, mutated, and cancerous cells)

- P oo

40
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Artificial Immune Systems (AIS)

* Human-built systems (e.g., networked computers) must also be
protected from the attempt of exploitation of their resources
(computational power, data, identity...)

» Some non-authorized operations are executed at a low level in the
hierarchy of software levels of the computer system

—Their effect is not immediately apparent at the scale of the computer
user or network administrator interface

—The strategies of attack can change rapidly
* |solation of the computing system is seldom an option

* The current solution is the use of antivirus and intrusion detection
programs designed and updated by specialized software firms

* A better solution would be a protection system capable of
autonomously detecting and opposing the attempts to intrusion and
exploitation, that is, an artificialimmune system (AlS).

* An AlIS might also detect and correct (sub)system malfunctioning

a

41
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Immunotronics

Immunotronics is an application of AIS concepts to the detection and
recovery of faults in digital electronic systems.

The classical approaches to fault detection and recovery in digital
systems are redundancy and the addition of protection systems that
check and possibly corrects the validity of the system state

The immunotronics applies the immune system concept of self/nonself
discrimination to automate the generation of the verification criteria used
by the protection system.

The immunotronics approach applies to finite state machines (FSM), a
class of systems where the operation is modeled in terms of states and
transitions between them. The self can be defined as the collection of
strings that represent the legal transitions between the states of the
machine

— The self can be generated by observing the operation of the system in its
fault-free condition.

£1
N
w

Immunotronics

input output

Finite State
Machine

current
state

— ~threshold
~|  device

antigen

alarm
signal

receptors —¢ {

matching /
evaluator

4
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Inspired by Evolution:
Evolutionary Electronics

Y
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Introduction
Evolutionary Electronics (EE) is defined as the application
of evolutionary techniques to the design (synthesis) of
electronic circuits
.E:j(\"‘_:“ ‘ ‘ IA‘J
Evolutionary  #£-=, - (schematic) .. .sc. e ‘
algorithm =4 T '7_}:
'&_‘,}"::fs' -'--'cL.LL“ 'ET g
i ]
— —
 Evolution of the parameters (sizing) Electronic
given a fixed circuit topology Circuit
« Evolution of both parameters and
circuit topology
« Placement and routing of the .
devices that compose the circuit (physical layout)
J,;,“ﬁ“ 46
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Motivation: why Evolutionary Electronics?

Complex and performing electronic circuits are required with
which the traditional design techniques cannot cope efficiently
and thus produce a waste of resources

Some design problems are poorly
specified in the sense that the
functionality is not defined in terms
of a precise input/output
relationship but still a global
performance can be measured
easily

The state of advancement of electronic technology permits the
exploitation of the virtues of evolutionary methods (waiting for the
coming of age of nanotechnologies...)

Evolutionary electronics provides an illustration of many aspects
that are relevant in the real-world application of evolutionary
methods

47
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Electronic and Biological “Devices
T “... the fundamental elements of

< . g information processing in electronic and
o/ = £ 2 [°  genetic systems are strikingly similar...”

L S [Simpson et al., Proc. IEEE, May 2004]
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Electronic and Biological Networks

Inducer

1

| repressor !promoter promoter _  ropress0 L}

T

Inducer

FIGURE 8.3 « Theoretical two-gene bistable toggle switch

“...the analysis, modeling, and simulation of natural and synthetic genetic
circuits, often proceed in a manner similar to that used for electronic systems”

“.. the expertise and skills contained within electrical and computer engineering
disciplines apply not only to design within biological systems , but also to the
development of a deeper understanding of biological functionality.”

“It is possible that new strategies for engineered system design may emerge
from this examination of natural gene circuit architectures.”

[Simpson et al., Proc. IEEE, May 2004]

\ 49

How Evolutionary Electronics Works

1. A genetic representation is defined for the electronic circuits
of interest

2. A setof objectives is defined in terms of functionality and
performances of the desired circuit

3. An initial population (collection of individuals) is generated

4. The genome of each individual in the population is decoded
into a circuit

5. The functionality and performances of the circuit are
evaluated and the resultis used to enforce a selection policy

6. The selected individuals are reproduced and the genetic
operators are applied to obtain a new population

Until the objectives are met or some stopping criterion (time,
computational resources...) is fulfilled

50
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Extrinsic vs. Intrinsic Evolution

The behavior of an electronic circuit can be J )
=4 \/1 Cc1

estimated using a circuit simulator

- - . . . . 5V 2 10nF
In extrinsic evolutionary design: each circuit X oo
is simulated to assessits performance
* The structure of the circuit can be almost 4 SPICE;slmniation exmpls
arbltrary ::lcir;ugt deig;iptim:
*The circuit is virtual and cannot be damaged ;ni % i %23?
* The simulated models are only approximations e
Vi 10 5vdc
b * input signal:
08 Vin 2 0 SIN 0 0.2 1k 0 00
- * si ator directives:
s o4 m;n?‘uotgsils o:.om
x 0.2 .OPTIONS TEMP=25
5 0 I * device models:
g 02 : .MODEL Q2N2222 NPN
04 :' + IS 14.3E-15 BF 256 NF 1
$ + VAF 74 IKF 0.28 ISE 14.3E-15
06 |3 + NE 1.3 BR 6.1 NR 1 RB 10 RC1
08 f§ + CJE 22.0E-12 MJE 0.377
' \ ) + CJC 7.3E-12 MJC 0.3416
0% 05 10 15 20 25 30 35 + TF 411E-12 XTF 3 VTF 1.7
time (ms) + ITE 0.6 TR 46.9E-09 XTB 1.5
" .END
g 5
/j<‘\
Extrinsic vs. Intrinsic Evolution
The existence of reconfigurable devices opens the way to the
possibility of performing evolution directly in hardware
In intrinsic evolutionary design: each L o
circuit is physically implemented and T TR To e 1 i
Rt | 5 2
tested mi Funead | : ke
» The evaluation is done using real i ﬁwiﬁ( iy I
devices (no approximations) 3 EH;ﬁ E( L HAC
 There are some constraints on the circuit 1. e e e (I
— . connections I
structure mi P L
» The results can depend on the physical i E:H l { HEl—
device used for the evolution T inpuoutputcireity [
rrrrrrrrrrrr1ir1rTrTrTT
* The evolutionary setting can be defined so as to produce an
adaptation during the operating life of the circuit (e.g., to obtain
fault tolerance)
S 52
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Conclusions

* The approaches and examples described show that biology is a
bewildering source of inspiration for the design of intelligent
artifacts capable of efficient and autonomous operation in
unknown and changing environments.

* The first caveatis that copying a mechanism from biology does
not necessarily bring an advantage either because the
technology may not match the biology or because the desired
functionality may be different from that of the biological
mechanisms.

* Proper practice of bio-inspired artificial intelligence requires a
scientific effort to extract the principles of biological intelligence
from the data and theories provided by biologists, and an
engineering effortto translate those principles into functional
artifacts and technologies.
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