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Overview

What is Fish School Search?

@ FSSis a recently developed swarm intelligence algorithm based
on the social behavior of schools of fish

o’

Connection to Fish Swarms in Biology

@ By living in swarms, the fish improve survivability of the whole
group due to mutual protection against enemies

@ The fish perform collective tasks in order to achieve synergy
(e.g. finding locations with lots of food)

@ Comparable to real fish that swim in the aquarium in order to find
food, the artificial fish search (swim) the search space
(aquarium) for the best solutions (locations with most food)
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@ Carmelo J. A. Bastos Filho and
@ Fernando Buarque de Lima Neto

Computational Intelligence Research Group (CIRG) at
University of Pernambuco, Recife-PE, Brazil

First Publications

@ BASTOS-FILHO; LIMA NETO, et al. Fish School Search: An Overview. In:
CHIONG, Raymond (Ed.). Nature-Inspired Algorithms for Optimisation. Series:
Studies in Computational Intelligence, Vol. 193.. pp. 261-277. Berlin: Springer,
2009

@ BASTOS-FILHO; LIMA NETO, et al. On the Influence of the Swimming
Operators in the Fish School Search Algorithm. In: |IEEE International
Conference on Systems, Man, and Cybernetics - SMC2009, 2009, San Antonio,
USA.
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Properties of FSS

Autonomy — no global information needs to be stored
Autonomy — only local computations

Low communications — minimum centralized control
Scalability / Parallelism

Non-monotonicity — distinct diversity mechanisms

Simple computations
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FSS Pseudo Code

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjng

end
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FSS Pseudo Code — Operators

initialize randomly all fish;
while stop criterion is not met do
for each fish do

‘Feeding Operator’:

individual movement Updates the fish weight according
+ evaluate fitness function; to successfulness of the current
feeding operator; movement

end

for each fish do

| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjng

end
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FSS Pseudo Code — Operators

initialize randomly all fish;
while stop criterion is not met do
for each fish do

‘Feeding Operator’:

individual movement Updates the fish weight according
+ evaluate fitness function; to successfulness of the current
feeding operator; movement

end

for each fish do ’Swimming Operators’:

| instinctive movement; : : :
Move the fish according to feeding

end
Calculate barycentre; operator
for each fish do @ |Individual movement

volitive movement;
evaluate fitness function;

end © Collective volitive movement d a

update stepjny

@ Collective instinctive movem.

end
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Variables

Population size (size of fish school): pop (1 < i< pop)

Problem dimension: dim (1 <j < dim)

Weight of fish i: w;

°

°

@ Time (i.e. iteration): ¢
°

@ Position of fish i: X;
°

Fitness of fish i: f(X;)
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FSS Pseudo Code

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjng

end
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Operators (1) — Individual Movement

@ In each iteration, each fish randomly chooses a new position

@ This position is determined by adding to each dimension j of the
current position X a random number multiplied by a
predetermined step (steping)

n;(t) = x;(t) + randu(—1,1) x steping

(randu(—1,1) is a random number from a uniform distribution in interval [-1,1])
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Operators (1) — Individual Movement

@ In each iteration, each fish randomly chooses a new position

@ This position is determined by adding to each dimension j of the
current position X a random number multiplied by a
predetermined step (steping)

n;(t) = x;(t) + randu(—1,1) x steping
(randu(—1,1) is a random number from a uniform distribution in interval [-1,1])
@ The parameter step;,y decreases linearly during the iterations

StePind initial — St€Pind final
number of iterations

steping(t+ 1) = stepjng(t) —
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Operators (1) — Individual Movement cont'd

Remember (1) from before: n;(t) = x;(t) + randu(—1,1) * stepjng

@ The movement only occurs if the new position 7 has a better
fitness than the current position X, and if n lies within the
aquarium boundaries

@ Fitness difference (Af) and displacement (AX) are evaluated
according to
Af = f(n)—f(x)

—

AX=n—

>

@ If no individual movement occurs Af = 0 and AX = 0
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Operators (1) — Individual Movement cont'd

Individual movement

400F & £

]

00 L L L
-600 -400 -200 0 200 400 600
l < Before movement =  After individual movement‘
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FSS Pseudo Code

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjng

end
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Operators (2) — Feeding

@ Fish can increase their weight depending on the success of the
individual movement according to

AF(i)

W,'(t-‘r1) = W,'(t)"rm

- w;(t) is the weight of fish i
- Af(i) is the difference of the fitness at current and new location
- max(Af) is the maximum Af of all fish
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Operators (2) — Feeding

@ Fish can increase their weight depending on the success of the
individual movement according to

AF(i)

W,'(t-‘r1) = W,'(t)"r 7max(Af)

- w;(t) is the weight of fish i
- Af(i) is the difference of the fitness at current and new location
- max(Af) is the maximum Af of all fish

@ An additional parameter w4 limits the weight of a fish
(1 <= W <= Wscale)
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FSS Pseudo Code

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjngy

end
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Operators (3) — Collective Instinctive Movement

@ Atfirst, a weighted average of individual movements m(t)
based on success of individual movement of all fish is computed

@ All fish that successfully performed individual movements
(AX !=0) influence resulting direction of the school movement

@ The resulting direction m(t) is evaluated by

YN AXAf,

m(t) =
YN, Af;
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Operators (3) — Collective Instinctive Movement

@ Atfirst, a weighted average of individual movements m(t)
based on success of individual movement of all fish is computed

@ All fish that successfully performed individual movements
(AX !=0) influence resulting direction of the school movement

@ The resulting direction m(t) is evaluated by

YN AXAf,

m(t) =
YN, Af;

@ Finally, all fish update their positions according to m(t)

Xi(t+1) = X;(t) + m(t)
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Operators (3) — Collective Instinctive Movement cont'd

Collective—instinctive movement

400p
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FSS Pseudo Code

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjng

end
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Operators (4) — Collective Volitive Movement cont'd

Depending on the overall success rate of the whole school of fish, this
movement is either a ...

@ contraction of the swarm towards the barycenter of all fish, or

@ dilation of the swarm away from the barycenter

Q (]
° S
J i
) ® 09 09 Y e

(] LY

® ()
o s

Contraction Dilation
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Operators (4) — Collective Volitive Movement cont'd

@ If the overall weight increased after the individual movement
step, the radius of the fish school is contracted in order to
increase the exploitation ability

@ If the overall weight decreased after the individual movement
step, the radius of the fish school is dilated in order to cover a
bigger area of the search space
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Operators (4) — Collective Volitive Movement cont'd

@ If the overall weight increased after the individual movement
step, the radius of the fish school is contracted in order to
increase the exploitation ability

@ If the overall weight decreased after the individual movement
step, the radius of the fish school is dilated in order to cover a
bigger area of the search space

Barycenter (center of mass / gravity)

Can be calculated based on the location X; and weight w; of each fish

B(t) Z/ 1 }lWl(t)

):, 1 Wi(t) @
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Operators (4) — Collective Volitive Movement cont'd

When the total weight of the school increased in the current iteration,
all fish must update their location according to

(X(t) - b(1))
distance(X(t), b(t))

X(t+1)=X(t) — stepyorandu(0,1)
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Operators (4) — Collective Volitive Movement cont'd

When the total weight of the school increased in the current iteration,
all fish must update their location according to

X(t+1)=x(t) - stepvo,randu(o,1)dist§(£;(y(z()t)5(t))

When the total weight decreased in the current iteration the update is

(X(1) - b(1))
distance(X(t), b(t))

X(t+1)=X(t) + stepyorandu(0,1)
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Operators (4) — Collective Volitive Movement cont'd

When the total weight of the school increased in the current iteration,
all fish must update their location according to

X(t+1)=x(t) - stepvo,randu(o,1)dist§(£;(y(z()t)5(t))

When the total weight decreased in the current iteration the update is

(X(1) - b(1))
distance(X(t), b(t))

X(t+1)=X(t) + stepyorandu(0,1)

@ distance() is a function which returns the Euclidean distance
between X and b

@ step,y is a predetermined step used to control the displacement /=
from/to the barycenter (step,, = 2 * Stepjn4 is a good choice)  {
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Operators (4) — Collective Volitive Movement cont'd

Collective—volitive movement

>
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New Update Strategies

Contribution of this work ': Investigation and comparison of
different newly developed update strategies for FSS

@ Weight update strategies: aim at adjusting weight of each fish in
each iteration (S1, S2)

@ Step size parameter update strategy: non-linear update to the
step size parameters step;,y and step,,; (S3)

@ Combined strategy: combination of S2, 83, and an additional
parameter (S4)

1 Andreas G.K. Janecek and Ying Tan. Feeding the Fish - Weight Update Strategies for the Fish School Search
Algorithm. In ICSI'2011: Second International Conference on Swarm Intelligence, pages 553-562. Springer LNCS
6729, 2011
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FSS Pseudo Code — Operators Involving Weight Updates

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement;
evaluate fitness function;
end
update stepjng

end
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Strategy S171 — Linear Decrease of Weights

Strategy S1

@ Weights of all fish are decreased linearly in each iteration
@ Decrease by pre-defined factor A j,

@ After the weight update in Eqn. (1) the weight of all fish is
reduced by w; = w; — Ay,

@ All weights smaller than 1 are set to 1

Weight update in feeding operator:

AF(i)

W,'(t+1) = W/(t)+m
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Strategy S2 — Fitness Based Decrease of Weights

Strategy S2

@ Fish in poor regions will loose weight more quickly
@ Let f(X) be a vector containing the fitness values of all fish

@ Weight of fish will be decreased by Afpased = normalize(f(X))

@ Normalize() is a function that scales f(X) in the range [0, 1]

@ Setw,=w;— A?ﬁtbaseda vw<1:w;=1

Andreas Janecek Feeding the Fish — ICSI 2011
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Strategy S2 — Fitness Based Decrease of Weights

Strategy S2

@ Fish in poor regions will loose weight more quickly
@ Let f(X) be a vector containing the fitness values of all fish

@ Weight of fish will be decreased by Afpased = normalize(f(X))

@ Normalize() is a function that scales f(X) in the range [0, 1]

@ Setw,=w;— A?ﬁtbaseda vw<1:w;=1

v

Scaling in order to improve results

(<} A?mbased needs to be scaled by a constant cg; (between 3 and 5)

@ Afitpased = (Afitbased-2)/Chit
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FSS Pseudo Code — Operators Involving Step Size Parameters

initialize randomly all fish;
while stop criterion is not met do
for each fish do
individual movement
+ evaluate fitness function;
feeding operator;
end
for each fish do
| instinctive movement;
end
Calculate barycentre;
for each fish do
volitive movement,
evaluate fitness function;
end
update stepjng

end
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Revision: step;,y and step,,,

- Individual movement:
ni(t) = x;(t) + randu(—1,1)  stepjng

- Collective-volitive movement:
. - x(1)—b(t
X(t+1) = X(t) — stepyerandu(0, 1 )%
- Linear decrease of stepjyg:

StePing initial — StePind fi
Stepjng(t+1) = stepjng(t) — Zbindnital 3 ZPind inal
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S3 — Non-linear Decrease of stepj,y and step,,,

Strategy S3

@ Non-linear decrease of the step size parameters
@ Based on the shape of an ellipse

@ Algorithm is forced to converge earlier to the (ideally global)
minimum

@ Area around the optimum can be searched in more detail
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S3 — Non-linear Decrease of stepj,y and step,,,

Strategy S3

@ Non-linear decrease of the step size parameters
@ Based on the shape of an ellipse

@ Algorithm is forced to converge earlier to the (ideally global)
minimum

@ Area around the optimum can be searched in more detail

stepyor VS. Stepjng
@ Remember that step,o = 2 * stepjng
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S3 — Non-linear Decrease of stepj,y and step,,,

Behavior of step_ind

c
b

10% [

0.001% [

0 2500 5000
Iterations

% of search space amplitude

Figure: Linear and non-linear decrease of step_ind and step_vol

- Bold red curve: new non-linear step size parameter st€ping noniin
- Dotted line (“c”): linear decrease of stepjng
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S3 — Non-linear Decrease of stepj,y and step,,,

@ Let a be the maximum number of iterations
@ Let b be the distance between stepjng initias anNd St€PIng finas

@ Let t be the number of the current iteration

In each iteration steping noniin(t) is calculated by

St€Pind noniin(t) = St€Ping initial — Sqrt [(1 —?/&) = b?

@ Derived from the canonical ellipse equation x? /& + y?/b° = 1

@ x is replaced with t, y is replaced with St€Dstep, . nomin(t)
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S3 — Non-linear Decrease of stepj,y and step,,,

Behavior of step_ind

10%

0.001 %

0 2500 5000
Iterations

% of search space amplitude

; . StePind initial — St€Pind fi
Basic FSS: stepjng(t+1) = stepjng(t) — Sbadintal 3 ZBindinal

Non-linear: stepponiinear (t) = StePind initia — SArt [(1 - tz/az) * bz]
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S4 — Combination of S2, S3 and a Dilation Multiplier

Strategy S4

@ Combines S2, S3 and newly introduced dilation multiplier cgj

@ Allows to cover a bigger area of the search space when a
dilation occurs in the collective volitive movement (i.e. when the
total weight of the school decreased in the current iteration)

@ The general idea behind the dilation multiplier is to help the
algorithm to jump out of local minima

@ S2and S3are applied in every iteration

@ In case of dilation all weights are reset to their initial weight
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S4 — Combination of S2, S3 and a Dilation Multiplier

while stop criterion is not met do
apply basic FSS operators including S2 and S3;

%contraction of dilation?
if (w(t) > w(ft—1)) then

‘ Jicontraction: standard collective-volitive movem.
else

%in case of dilation apply the following movement.
w(t)=1;

% _ 5 ) (X(H)—b(t))
X(t+1) = X(t) + cgjs * Stepyo * randu(0, 1) * Jetanca(i( 20)
end

end

Andreas Janecek Feeding the Fish - ICSI 2011



Fitness per Iteration

. inal Resul
Evaluation ALl e

Outline

e Evaluation
@ Fitness per lteration
@ Final Results

Andreas Janecek Feeding the Fish — ICSI 2011



Fitness per Iteration

. inal Resul
Evaluation ALl e

Outline

Fitness per lteration

Andreas Janecek Feeding the Fish — ICSI 2011



Fitness per Iteration
Final Results

Evaluation

Strategy S171 — Linear Decrease of Weights

w
=}
S

m— basic FSS
250 Alin 0.0250

== Alin 0.0500
200 * Alin 0.0750

mean(weight)
g 2

[
=]

0 1000 2000 3000 4000 5000
Iterations

Figure: Average (mean) weight of all fish per iteration

@ Weights are decreased linearly: w; = w; — Ay,
@ A, ranges from 0.0125 to 0.0750
@ Abbreviated as “A lin 0.0XXX” in the figure
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Strategy S171 — Linear Decrease of Weights

200

150

Ackley function

basic FSS

Alin 0.0250
= = Alin 0.0500
Alin 0.0750

A
N

0 1000 2000 3000

Iterations

4000 5000

Rastrigin function

s basic FSS
Alin 0.0250
== Alin 0.0500
Alin 0.0750
0 1000 2000 3000 4000 5000
Iterations

Andreas Janecek
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‘eeding the Fish

Griewank function

basic FSS
Alin 0.0250
== Alin 0.0500
Alin 0.0750
\
L}
0 1000 2000 3000 4000 5000
Iterations
Rosenbrock function
— basic FS$
Alin 0.0250
== Alin 0.0500
Alin 0.0750
0 1000 2000 3000 4000 5000
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Fitness per Iteration
Final Results

Evaluation

Strategy S2 — Fitness based Decrease of Weights

300

basic FSS

250 [

200 [

150 1

mean(weight)

100

501

0 1000 2000 3000 4000 5000
Iterations

Figure: Average (mean) weight of all fish per iteration

® Afjipaseq = Normalize(f(X))
@ Scaling: A?ﬁtbased = (A?ﬁtbased?)/cﬁt (abbreviated as “cf; X”)

@ w; = W, — Affitpased
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Strategy S2 — Fitness based Decrease of Weights

Ackley function Griewank function
10 8
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8 a3 a3
et 6 it
6 - Cm5 - cms
= R4
& &
4
2
2
0 0
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Iterations Iterations
Rastrigin function Rosenbrock function
200 10000 -
\ s basic FSS
8000 S
150 St
6000 -5
2 3
= =
100 1M pasic Fss 4000
cm3
50 Cat 2000
S
0
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Iterations Iterations

Andreas Janecek eeding the Fish — ICSI 2011



Fitness per Iteration
Final Results

Evaluation

S3 — Non-linear Decrease of stepj,y and step,,,

10% = basic FSS
- = ' = interpolated
NG L non—linear

% of search space amplitude

0.001 %

0 1000 2000 3000 4000 5000
Iterations

Figure: Behavior of stepjq

@ Sstepnoninear(t) is abbreviated as “non-linear”
@ “Interpolated”: interpolation of “basic FSS” and “non-linear”

Stepinterpol (t) = StePjng (t) - [Stepind (t ) - Stepnonlinear(t)] / 2
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S3 — Non-linear Decrease of stepj,y and step,,,

Ackley function Griewank function
10 8
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Fitness per Iteration
Final Results

Evaluation

S4 — Combination of S2, S3 and a Dilation Multiplier

mean(weight)

0 1000 2000 3000 4000 5000
Iterations

@ Comparison to basic FSS and “non-linear” from strategy S3
@ Dilation multiplier Cyjiationparam is abbreviated as “dil.mult.X”

@ Since the weight of all fish is reset to 1 if a dilation occurs, the
average (mean) weight per iteration is relatively low
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Fitness per Iteration
inal Results

Evaluation

S4 — Combination of S2, S3 and a Dilation Multiplier
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Outline

Final Results
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Fitness per Iteration

Evaluation Final Results

Final Fitness after given Number of lterations

Table: Mean value and standard deviation (in small font under mean vaule)
for 15 trials after 5000 iterations for the five benchmarks functions

Function basic S1 S2 S3 54
FSS

Fackiey(X) ~ 0.0100  0.0100  0.1270  0.0007  0.0007
0.0019 0.0023 0.0043 6.76-05 5.3¢-05

Forewar(x) 00233 00172 Q7801 00098 3,260

Frastign(X) 67,126 36879 30.745 70443 48126

Froson () 27574 28498 20277 BT 23718

Andreas Janecek Feeding the Fish - ICSI 2011



Fitness per Iteration

Evaluation Final Results

Final Fitness after given Number of lterations

Table: Mean value and standard deviation (in small font under mean vaule)
for 15 trials after 5000 iterations for the five benchmarks functions

Function basic St s2 S3 S4
FSS
X . . 0.1270 0.0007 0.0007

Facuey(X) 00100 00100 0.0043 6.76-05 5.36-05
Farewank(X) 00555 Soar  %73% %% XRW
Frasmgn(X) OLIZP  B%ar  NE TREE RS
() Zg7s  ease  gm  mms  mps
Runtime 1.0 x 1.002 x 1.004 x 1.014 x 1.024
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Conclusion — Update Steps for FSS

Weight update strategies S1, S2

@ Linear and fitness-based decrease of weights
= Significant improve of final results of Rastrigin function
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Conclusion — Update Steps for FSS

Weight update strategies S1, S2

@ Linear and fitness-based decrease of weights

= Significant improve of final results of Rastrigin function
Non-linear decrease of step size parameters S3

@ Force algorithm to converge earlier to the (ideally global) minimum
@ Area around the optimum can be searched in more detail
= Significant improvement in terms of fitness per iteration
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Conclusion — Update Steps for FSS

Weight update strategies S1, S2

@ Linear and fitness-based decrease of weights

= Significant improve of final results of Rastrigin function
Non-linear decrease of step size parameters S3

@ Force algorithm to converge earlier to the (ideally global) minimum
@ Area around the optimum can be searched in more detail
= Significant improvement in terms of fitness per iteration

Combined Strategy S4

@ S2, S3 and a dilation multiplier
@ Allows to cover a bigger area of the search space when a dilation
occurs in collective-volitive movement

= Overall best results achieved with this strategy
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Further References

@ For more information about Fish School Search please visit the
official Fish School Search web site by Prof. C. Bastos Filho and
Prof. F. Lima Neto at the University of Pernambuco

http://www.fbln.pro.br/fss

@ Other research groups around the world working on FSS can
also be found at this web site

http://www.fbln.pro.br/fss/links.htm

@ Implementations/Versions: Implementations of FSS in different
programming languages can be downloaded from

http://www.fbln.pro.br/fss/versions.htm

Andreas Janecek Feeding the Fish - ICSI 2011


http://www.fbln.pro.br/fss
http://www.fbln.pro.br/fss/links.htm
http://www.fbln.pro.br/fss/versions.htm

- 2

andreas. janecek@univie.ac.at

Complete paper: Andreas G.K. Janecek and Ying Tan. Feeding the Fish - Weight Update Strategies for the Fish
School Search Algorithm. In ICSI'2011: Second International Conference on Swarm Intelligence, pages 553-562.
Springer LNCS 6729, 2011
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