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1 ProsomoÐwsh

mutable struct Boid
id; pos; vel
dv; av; ds
w0; ws; wa; wc
vmax

end

dis(bi, bj) = norm(bi.pos - bj.pos)
ang(bi, bj) = acos(dot(bi.vel, bj.pos)/(norm(bi.vel)*norm(bj.pos)))
dim(b) = length(b.pos)

B = initialize()

while true
draw(B)
flock!(B)

end



function flock!(set B, time tau)
B0 = copy(B)
for bi in B

deli = neighors(bi, B0)

si = seperate(bi, deli)
ai = align(bi, deli)
ci = cohere(bi, deli)

bi.vel += bi.ws*si + bi.wa*ai + bi.wc*ci
bi.pos += tau*bi.vel

end
end
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ui �pj
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function neighbors(boid bi, set B)
deli = [bj for each bj in B if

bi != bj and dis(bi, bj) < bi.dv and ang(bi, bj) < bi.av]
return deli

end
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function seperate(boid bi, set deli)
si = zeros(dim(bi))
for each bj in deli

if dis(bi, bj) < bi.ds
si -= bj.pos - bi.pos

end
end
return si

end
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function align(boid bi, set deli)
ai = zeros(dim(bi))
if isempty(deli)

return ai
end
for each bj in deli

ai += bj.vel
end



return ai/length(deli) - bi.vel
end
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function cohere(boid bi, set deli)
ci = zeros(dim(bi))
if isempty(deli)

return ci
end
for each bj in deli

ci += bj.pos
end
return ci/length(deli) - bi.pos

end



function flock!(set B, time tau)
for each bi in B

. . .
wd = wind(wind_accel)
wr = wander(bi)
bp = bound_position(bi)

bi.vel += bi.ws*si + bi.wa*ai + bi.wc*ci + wd + wr + bp
limit_velocity!(bi)
. . .

end
end
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function limit_velocity!(boid bi)
vmag = norm(bi.vel)
if vmag > bi.vmax

bi.vel *= bi.vmax/vmag
end

end

function wind(vec accel)
return accel

end

function wander(boid bi)
return bi.wf*bi.vel*rand(dim(bi))

end

function bound_position(boid bi)
dv = zeros(dim(bi))
for (i, pi) in enumerate(bi.pos)

if pi < bi.pmin[i]
dv[i] = bi.vmax

else if pi > bi.pmax[i]
dv[i] = -bi.vmax



end
end
return dv

end



@i
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function neighbors(boid bi, set B)
deli = partialsort(B, 2:(bi.nc + 1), by = bj -> dis(bi, bj))
return deli

end



function flock!(set Ba, set Bb, time tau)
for each bi in Ba

. . .
pe = evade(bi, Bb)
bp = bound_position(bi)

bi.vel += bi.ws*si + bi.wa*ai + bi.wc*ci + ev + bp
limit_velocity!(bi)
. . .

end

for bi in Bb
si = seperate(bi, Bb)
pu = pursuit(bi, B0, c=tau)
bp = bound_position(bi)

bi.vel += bi.ws*si + pu + bp
limit_velocity!(bi)
. . .

end
end
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function pursuit(bi, O; c)
cg = zeros(dim(bi))
for each bj in O

if dis(bi, bj) < bi.ed
cg += bj.pos + c*dis(bi, bj)*bj.vel

end
end
if cg != zeros(dim(bi))

pit = cg - bi.pos
dv = (pit/norm(pit))*bi.vmax - bi.vel
return dv

else
dv = zeros(dim(bi))
return dv

end
end
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function evade(bi, O; c)



bj = partialsort(O, 1, by = bj -> dis(bi, bj))
if dis(bi, bj) < bi.ed

pit = (bj.pos + c*dis(bi, bj)*bj.vel) - bi.pos
dv = -(pit/norm(pit))*bi.vmax - bi.vel
return dv

else
dv = zeros(dim(bi))
return dv

end
end



2 Realismìc

t�xh   pìlwsh om�dac

pg(t)=
1
n

����������X
i

ui(t)
jui(t)j

����������
troaqiak  orm  om�dac

mg(t)=
1
n

��������X
i

ric(t)�ui(t)
�������� ric= ri¡ cg cg(t)=

1
n

X
i

ri(t)

epèktash sm nouc

e(t)=
1
n

X
i

jri¡ cg j cg(t)=
1
n

X
i

ri(t)





3 Efarmogèc

¡ kinoÔmena grafik� (animation)

tainÐec, p.q. Batman Returns (1992)

thleoptikèc seirèc, p.q. Doctor Who, �A Christmas Carol�

binteopaiqnÐdia, p.q. Abzû

¡ rompotik� sm nh (swarm robotics)

p.q. mh-epandrwmèna ipt�mena oq mata (drones)



*genikìtera efarmogèc nohmosÔnhc sm nouc

� bioðatrik , p.q. katastrof  karkinik¸n kutt�rwn

� aerodiasthmik  mhqanik  ki exereÔnhsh

sqhmatismoÔc nanodorufìrwn, auto-sunarmolìghsh ki anatrofodìthsh meg�lwn
dorufìrwn, katanemhmèna diasthmik� thleskìpia, kai qartogr�fhsh planht¸n

� parakoloÔjhsh topÐwn

� gewrgik  �rdeush kai r�ntisma

� ektÔpwsh sm nouc



Teqnht� realistik� sm nh me me autìnoma drones

Probl mata se sqèsh me eikonik� sm nh eÐnai o jìruboc kai h qronokajustèrhsh.

Rompotikì sm noc me fusik  sumperifor� mìlic merik� qrìnia prin.

Gia exwterikoÔc q¸rouc h kÐnhsh empnèetai apì pthn�.

Gia eswterikoÔc h kinhmatik  plhroforÐa mporeÐ na exaqjeÐ apì mÔgec.
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