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Prescentation outline

1. Grey wolf algorithm 2. Relationship with P systems



Grey wolf algorithm




Grey wolf algorithm

inspired by the social dynamics found in packs of grey wolves and by their
ability to dynamically create hierarchies in which every member has a clearly

defined role,

primarily used for solving optimisation-based problems,
they have already found use in a variety of fields.

Alfa

Dominant pair,
the pack follows
their lead during
hunts, while
locating a place
to sleep, ...

Beta

They support
and respect the
Alpha pair during
its decisions and
provide
feedback.

Delta

Scouts — they observe the
surrounding area and warn the pack,
Sentinels — they protect the pack
when endangered,

Caretakers — they provide aid to old
and sick wolves.
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Omega

They help to filter
the packs
aggression and
frustrations by
serving as
scapegoats.



[he environment and the wolf

e Wolf's primary goal in its environment is to find and hunt down prey, which in
our case equals finding the optimal solution to the given problem (the
coordinates in which the fitness function reaches its criterium,

e The environment is represented by

o dimensions of the problems environment (2D, 3D, ...),
o boundaries of the problems environment,
o fitness function characterising the problem.

e The value of the fitness function at the wolfs current position will be
metaphorically referred to as the highest-quality prey located,

o the wolf with the best (lowest) fitness value is ranked as Alpha, the second
best as Beta, third best as Delta, and all the other as Omega.



Hunting technique

The algorithm smoothly transitions between two phases:

e Scouting phase — the pack extensively scouts its environment through many

random movements so that the algorithm does not get stuck in a local
minimum.

e Hunting phase — the influence of random movements is slowly reduced and
pack members draw progressively closer to the discovered extreme (minimum)
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: Search for prey Expléitation of prey Encwclmg prey - The prey is surrounded - Attack



gcout/’ug and tracéing prey

Z with components rand(—1,1) * a,

2
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e \Wolves positions within the environment are updated based upon the
estimated location of the prey using Alpha, Beta, and Delta wolves as guides,
e in order to maintain divergence between scouting and the actual hunt, each

wolf is assighed a vector A,

e another component supporting the scouting phase is vector C = rand (0,2).
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Fig. 1. Vector A and its impact in 1D space
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Fig. 2. Vector C and its impact in 1D space



Encireling prey

Positional vectors of individual wolves 5(_;, where j is the wolfs index, are updated
according to the following formula:

wll X +.X, +.X.
X](Z-i—l): 1 2 2

Wolves have the tendency to move closer towards prey and encircle it (wolves
approach from various directions).
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Initialize agents (wolfs)
Calculate fitness of
each agents and
determine the social
hierarchy
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2. Calculate fitness of each
agents and determine
the social hierarchy
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\ 3. Calculate the best
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Initialize agents (wolfs)
Calculate fitness of each
agents and determine
the social hierarchy
Calculate the best
solution found thus far
X, (i), XB (i) , X5 (i)
Update positions of all
wolves X. (i+1), while
vectors A (red arrow) ,
C (blue arrow) , are
updated for each one
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Initialize agents (wolfs)

2. Calculate fitness of each
agents and determine
the social hierarchy

3. Calculate the best
solution found thus far
Xa (i), Xp (i) , X0 (i)

4. Update positions of all
wolves Xj (i+1), while
vectors A, C, are
updated for each one

5. Check for the

termination criteria

Go to step 2
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Modeling of Grey wolf algorithm using membrane cyctem agents

ith
Inspired by nature Problem with randomuness

?

Ucable for colving optimization o Environmental problem

problems

Multi-agent cystem model Communication problem



Environmental problem

Grey wolf algorithm

e represented by a mathematical
fltness function
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Example 1: Grey wolf algorithm fitness function
F=x>+y%:x,y € (-100, +100).

P colonies

e represented by multiset of symbols
/ objects

Env = (6 X6,wp),

' DDDDDD]
DS .S DDD
DS SDDD
DDDS SDY
DDDS SD
DDDDDD

Example 2: 2D P colony environment



Environment problem colution

Proposed solution:

e FEnvisapair(mxn,f(x)),wheremxn, m,n € Nis the size of the environment and

f(x) is the initial contents of environment,

o A ={R(real numbers)} U e (environmental symbol)

e Agent's program rules will compare the number values
of objects using operators “<” (or “>"),
o B=0,P,[,s]o=2
o exampleio, =12,0,=31,env=x € A

P.= (0, <0, x):an action rule
| T 2

Example:

Env = (6x6, f(x)), f(x) =
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Commam‘catiou ,broé/em

Grey wolf algorithm

e Agents (wolves) have the knowledge of
their global position in the environment,

e wolves positions are updated based upon
the estimates created by Alpha, Beta, or
Delta wolves.

P colonies

Communities of simple reactive agents
independently living and acting in a joint
shared environment,

indirect communication through the special
objects in environment

env = eo

env = e2 env = e3

I:)'I
(a,b,e): move_right




Communication problem colution

Proposed solution:

e FExtending the P system by adding the Blackboard that:
o saves the agents’ best fitness values,
o is always accessible to read and write by all agents,
e Agents must know their position in the environment.

Blackboard

BlackBoard

Get Alpha value \deate

Index 0 1 2

Agent Alpha Beta Delta 1. Compare values
.. 2.  I'mthe new Alpha!

Position X5 Y, Xy ¥, A

Value Best value 2nd best value 3rd Best value




[he problem with randomnese

Grey wolf algorithm

e Random vectors A and C
influence the movement of
wolves in the environment.

\ PreyIWoIf
A=l 1>A>0 1) 0>A>-1 7
' \

olf Prey Prey © Wolf T

[terations influence the random values

P colonies

e FEach program ruleis

deterministic,
e therules can bechosenina

non-deterministic manner.

(a, a, e): action_1
(a,a,e):action 2 e

N =



Randomness problem colution

Proposed solution:

§ N B ackBoard ___%
Yy e
|

e Agents don't need to know their position in the environment,

e allagents who can contribute to the search will send solutions to
the blackboard points (receiver),

e Estimation of prey position is calculated as average of distances
collected by blackboard points from wolves Alpha, Beta, Delta,

e Omega wolves can ping the blackboard if changing position.

BlackBoard
Index 0 1 2 3 4 5
Agent BAlpha Beta BDelta B 1 B2 Bn
Value Best value 2nd best value 3rd Best value
Distance Estimation of prey position (calculated by the BlackBoard) distance of prey | distance of prey distance of prey




Blackboard

Omega wolf ping the blackboard
before changing position and
get its distance from the prey.

If the distance would decrease
compared to the original
distance, then the wolf will
move.

BlackBoard
Index 0 1 2 3 4 5 6
Value Alpha | Beta Delta /
Distance of prey | Prey position / Y,

Get distance of prey

Compare distances
Move

1




Blackboard

the agent compares its fitness
value to the Alpha. If this agent
has the better fitness value, it
updates the blackboard.

BlackBoard
Index 0 1 2 3 4 5 6
Value Alpha | Beta Delta

Distance of prey

X
Pr%\{osabw\

Get Alpha value

1.
2.

Compare fitness values
I’'m new Alphal

1




BlackBoard

Index 0 1 2
I 4 '.tl‘a./l’Z-a t/‘o n Value Alpha |Beta [ Delta
Distance of prey | Prey position
(e,.8,x): €, e X XER
21 10 18 42 35
32 23 16 13 8
41 18 19 10 21




Tteration 1

BlackBoard

Index

0 1 2 3 4

Value

Alpha | Beta | Delta

Distance of prey

Prey position

21 10 18 e 35
32 e 16 13 8
41 18 19 10 21

(e,e,x):e,e,— X, XER
(x,y,€);XyER:
y « get(BB[Alpha])
compare(x,y):
X >y:. I'm new Alpha!
update(BB[Alpha))
X < Y.y « get(BB[Betal)
compare (X, Y):
X >Yy:. I'm new Beta




BlackBoard

Index 0 1 2 3 4
I ter aflbh 7 Value Alﬂlla Beta Delta
W Prey position
(e,.8,X): €, €< X XER
o1 - (x,y,€); x,y ER:
y < get(BB[Alpha])
compare(x,y):
X >Yy: I'm new Alpha!
update(BB[Alpha])
32 e 16 13 8 X <y:y « get(BB[Beta])
compare (X, Y):
X >Yy. I'm new Beta
41 18 19 10 21




BlackBoard

Index 0 1 2 3 4
I ter 0.7‘/‘014 Z Value 23 Beta Delta
W Prey position
(e,.8,X): €, €< X XER
Xy erxyER
21 35 y « get(BB[Alphal)
compare(x,y):
X >Yy: I'm new Alpha!
update(BB[Alpha])
32 e 16 13 8 X <y:y « get(BB[Beta])
compare (X, Y):
X >Yy. I'm new Beta
41 18 19 10 21 X >y I'm new Delta




BlackBoard

Index 0 1 2 3 4

I ter a?‘/‘Oh n Value 42 36 29

Distance of prey | Prey position

(x,y,€);XyER:
21 0 18 e 35 I'm Omega!
y—e
e—m
mey
32 e 16 13 8 (X, Y, m), X,y € [R:
@ Ping BBII]
X «— get(BB(i))
Ping+mv. BB[i]; mv, =rand
41 18 19 10 21 (En=.4)
y «—qget(BB(i))
compare (X,y)
X >y:domv,




BlackBoard
Index 0 1 2 3 4
I tera?‘/’oz« n+17 Value 42 36 29
Distance of prey | Prey position
(x,y,€);XyER:
21 10 18 e 35 L
e~ I'm Omegal!
( N y e
\\ /I e—m
32 m 16 I € (x,y,m); x, yER:
.~ \\‘ /~ \\‘ Plng BB[I]
2,3 ;
. R x — get(BB(}))
Seo v NS Ping+mv. BB[i]; mv, = rand
41 18 19 10 21 &=
y —get(BB(i)
( ) compare (x,y):
L g x >y:domv,




Model of ery wolf algorithm vsing membrane system agentc

Pgvv = (A, e, eny, BB, ..B.X f), where:
e A={R} U {em,/f}
e e € Ajsthe basic environmentalni object,
e fisthefinal object, f €A,
e FEnvisapair(mxn,f(x)),where mxn,

m, N € N, is the size of the environment
and f(x), is the initial contents of environment,
X is the blackboard,
B, ... B, aretheagents, B = (0, P, [rx,sy]),
0.=2,
P =P,=..=P,
R, Sy are the initial coordinates,
e Initial agents’ configuration: (Ow[e], oZ[e], envli]), i € R.



P={
1 (e,.e,Xx): €, €< X XER 3. (Xym)xYyeER:
2. (xye;rxyeERr A.  Ping BBl
A. y <« get(BB[Alpha]) B. x<« get(BB(i))
B. compare(xy): C. Ping+mv, BB[]; mv, =rand (&1,=4)
a. x>y. I'mnew Alpha! D. y<«get(BB(i))
e update(BB[Alphal) E. compare (x,y):
b. X<y y« get(BB[Beta]) a. x>y.domv,
e compare (X, Y): b. x<vy:
o x>YV:. I'mnew Betal e Ping+mv, BBIi];
i. update(BB[Beta)) mv, = rand(&1,=,4) - mv,
— o X<V:y« get (BB[Delta)) o y—get(BB())
get from blackboard i. x>y I'mnew Delta! e x>y domv,
— > Update(BB[Delta)) o X<V .
rewrite agent’s object ii. x<y:I'mOmega: o Can't move:
—> > yee | Yy m
change agent’s object > é—-m ” m—f
with environment > Mmey ii. fem
object 4. (x,y,1); %,y € R stop the agent
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