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12.1. NMpoueaypbl crenoro noucka

,El,pyrl/le noaxoabl He Aalri NoJ1oOXKUTeJs1IbHOIo
Search space Search space pe3yJibTaTta

' MCCﬂeﬂ,yeTCﬂ BCe NPOCTPaHCTBO peLueHVIIZ
D,VlCerTHoe MPOCTPaAHCTBO pel.ueHl/I|7|:

e Bce npocTpaHCTBO NpeaAcTaBnsAloT B BUAE MaT-

© O O
O O Q puLlbl N NMPOBEPAIOT KaXKAYyHo CTPOKY
O O Q

e [1pOCTpPaHCTBO peLUeHnit NpeacTaBnsaloT B BUAE
nepeBa, BETBM KOTOPOro — 3HA4YeHUs1 NepemMeH-
HbIX, INCTbSA — PeLleHust

[MpuMmepbl: NOUCK B FMYyOWHY, NOUCK B LLUNPK-
HY

e [NTaBHbIM HeOoCTaTOK: npoueaypa HeBbLIMNONMHUMA, eCn NPOCTPAHCTBO pPeLleHUn He-
NPEepPbIBHO UMK OYEHb BESTMKO (YTO YacTo CrydaeTcs B pearnbHbIX 3agadvax)

e XXagHbi anroput™ (KagHbI NMOUCK) — UCMNONb3YETCA COKpalleHne NMpocTpaHcTBa pe-
LLUEHNW NN NPUMEHSIIOTCSH 3BPUCTUKU

e Metoa MoHTe Kapno — reHepauus criydamHbix TodeKk. O4eHb NonynsapeH, T.K. Nerok B
npeacTaBieHnn N B KOMMbIOTEPHOW peanusaummn

solution




12.1. NMpoueaypbl crenoro noucka

NMONIHOCTbLIO CIIENMOU NOUCK

fsearch
e [IpocTpaHCTBO noucka OOSMKHO ObITb onpedeneHo Kak maTtpuua dopmata solutions x D
(search)
dfsearch
e PekypcuBHas npoueaypa noucka B rnybuHy, TpebyeT onpegeneHmna obnactn 3Ha4eHNn Onsa Kax-
Aon onTuMusnpyemomn nepemeHHon (domain)
AprymeHTbl — oNTUMU3npyembie yHKUUK, TMN ONTUMU3aLMnU — MUHUMKU3ALMA UNu Makcummnsaums, ...

# full bind search method
i search - matrix with solutions x D
# FUN - evaluation function
# type - "min" or "max"
# - extra parameters for FUN
fsearch=function(search, FUN, type="min", ...)
{
x=apply(search,1,FUN, ...) # run FUN over all search rows
ib=switch (type, min=which.min (x) ,max=which.max (x))
return(list (index=1b, sol=search([ib, ] ,eval=x[ib]))

)



12.1. NMpoueaypbl crenoro noucka

NMNONIHOCTbLIO CIIENMOU NOUCK

#
#
#
#
H
#
fi
fi
#
#
d

depth-first full search method

1l - level of the tree
b - branch of the tree

domain - wvector list of size D with domain values
FUN - eval function

type - "min" or "max"

D - dimension (number of wvariables)

X - current solution vector

bcur - current best sol

- extra parameters for FUN

fsearch=function(l=1,b=1,domain, FUN, type="min",
D=length(domain),

x=rep (NA,D) ,
bcur=switch (type, min=1ist (s0l=NULL,eval=Inf),
max=1list (s0l=NULL,eval=-Inf))
)

{ if((1-1)==D) # "leave" with solution x to be tested:

{ £=FUN(x,...) ;fb=bcur$eval
ib=switch(type,min=which.min(c(fb,£f)),
max=which.max (c(fb,£f)))
if (ib==1) return (bcur) else return(list(sol=x,eval=f))

else # go through sub branches

{ for(j in l:length(domain[[1]1]))
{ x[1]=domain[[1]] []]
becur=dfsearch(l+1,j,domain, FUN, type,D=D,
X=X,bcur=bcur,...)
}

return (bcur)
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NMPUMEPBI
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12.1. NMpoueaypbl crnenoro Nnoucka

NMPUMEPBI

# read D bits from integer x:
binint=function(x,D)
{ x=rev(intToBits(x) [1:D]) # get D bits
# remove extra Os from raw type:
as.numeric (unlist (strsplit (as.character(x),""))} [(1:D)+2])

}

# convert binary vector into integer: code inspired in
# http://stackoverflow.com/questions/12892348/

# in-r-how-to-convert-binary-string-to-binary-or-decimal-value
intbin=function (x) sum(2” (which (rev{x==1))-1))

# sum a raw binary cbject x (evaluation function):
sumbin=function (x) sum(as.numeric (x)}

# max sin of binary raw object x (evaluation function):
maxsin=function (x,Dim) sin(pi* (intbin(x))/(2™Dim))

D=8 # number of dimensions

x=0: (2"D-1) # integer search spacs

# set full search space in solutions x D:
search=t (sapply (x,binint,D=D))

# set the domain values (D binary wvariables):
domain=vector ("list",D)

for(i in 1:D) domain[[i]]=c(0,1) # bits

# sum of bits, fsearch:

81=fsearch (search, sumbin, "max") # full search

cat ("fsearch best 5:",818s0l,"£f:",81%eval,"\n")

# sum of bits, dfsearch:
S2=dfsearch(domain=domain, FUN=sumbin, type="max")

cat ("dfsearch best s:",825s01,"f:",825eval, "\n")

# max sin, fsearch:

S3=fsearch(search,maxsin, "max",Dim=8) # full search
cat ("fsearch best s5:",538scl,"f:",583%eval, "\n")

# max sin, dfsearch:
S4=dfsearch({domain=domain, FUN=maxsin, type="max",Dim=8)
cat ("dfsearch best s5:",848s01,"£:",84%eval, "\n")



12.1. NMpoueaypbl crenoro noucka

NMPUMEPBDI
> x=intToBits(7) [1:4]; print (x)
[1] ©01 01 01 OO
= x=rev(x); print(x)
[1] 00 01 01 01

> x=strsplit(as.character(x),""); print (x)
[[1]]

[1] 1IG|| r||:|1l

[[2]]

[1] 1IC|| r|-_1l

[[3]]

[1] 1IG|| r|-_1l

[[4]]

[1] 1IG|| r|-_1l

> x=unlist (x); print (x)

(r3 ™gm™ mwgw wgw wyn wgw wjyw wgn owjw

> x=as.numeric(x[(1:4)*2]); print(x)

[1] 01 11

= source ("binary-blind.R")

fgsearch best 5s: 1 1 1 1 1 1 1 1 £: 8
dfsearch best s: 1 1 1 1 1 1 1 1 £: 8
fgsearch best 5: 1 0 :
dfsearch best s: 1 0 0 0 0 0 0 0 £: 1

]
=
o
]
=
o
H
l_'l



12.1. NMpoueaypbl crenoro noucka

XXAOHbIA NOUCK
e CoKpalleHne pa3smMepHOCTM NPOCTPaHCTBA pPELLUEHWI:
e paBHOMEPHLIN NnaH
e [He340BOM MNsiaH (He NOSIHOCTLIO CIENon, pelweHne no pesynbTtaTty)
e [poknsiTne pasmepHocTy (oueHka crnoxHocT O(LP))
e [lononHuTenbHble NapamMeTpbl, KOTOpbIE TPEBYIOT YCTAHOBKM (LLar CETKW, KOSIMYECTBO Y3r10B
rHesna)
e HeT rapaHTumn gOCTMXeHUs rnobanbHOro onTuMyma

standard grid search method (uses fsearch)
step - vector with step size for each dimension D
lower - vector with lowest values for each dimension
upper - vector with highest wvalues for each dimension
FUN - evaluation function
type - "min" or "max"
- extra parameters for FUN

H o 3t 3 I



12.1. NMpoueaypbl crenoro noucka

XXAOHbIA NOUCK

gsearch=function(step, lower,upper, FUN, type="min", .. .)
{ D=length(step) # dimension

}

domain=vector ("list",D) # domain values
L=vector (length=D) # auxiliary vector
for(i in 1:D)
{ domain[[i]]=seq(lower[i] ,upper[i],by=step[i])
L[i]=length(domain[[i]])
}

LS=prod (L)
s=matrix(ncol=D,nrow=LS) # set the search space
for(i in 1:D)
{
if(i==1) E=1 else E=ExL[i-1]
s[,1i]=rep(domain[[i]],length.out=LS, each=E)

}

fsearch(s,FUN, type, ...) # best solution

# standard grid search method (uses dfsearch)
gsearch2=function(step, lower,upper, FUN, type="min", ...)

{

D=length(step) # dimension

domain=vector ("list",D) # domain values

for(i in 1:D) domain[[i]]=seq(lower[i],upper[i] , by=step[i])
dfsearch (domain=domain, FUN=FUN, type=type, ...) # solution



12.1. NMpoueaypbl crenoro noucka

XXAOHbIA NOUCK

# nested grid search method (uses fsearch)
o levels - number of nested levels
ngsearch=function(levels, step, lower,upper, FUN, type, .. .)
{ stop=FALSE;i=1 # auxiliary objects
bcur=switch(type,min=1ist (s0l=NULL, eval=Inf),
max=1list (sol=NULL,eval=-Inf))
while(!stop) # cycle while stopping criteria is not met
{
s=gsearch (step, lower, upper, FUN, type, .. .)
# if needed, update best current solution:
if ( (type=="min" && sSeval<bcur$eval) | |
(type=="max" && sSevalsbcurS$eval)) bcur=s
if (i<levels) # update step, lower and upper:
{ step=step/2
interval= (upper-lower) /4
lower=sapply (lower,max, sSsol-interval)
upper=sapply (upper,min, s$sol+interval)

}
if (i>=levels || sum( (upper-lower)<=step)>0) stop=TRUE
else i=i+1

}

return (bcur) # best solution

}

10



12.1. NMpoueaypbl crenoro noucka

NMPUMEPBDI
, cost(x;) = 100 + u; x sales(x;)
LleHa o B e B sales(x;) = round ((1000/ In (x; + 200) — 141) x m;)
nopTdens Jbag prices = ;-‘-: x sales(x;) — cost(x;) m = (2.0.1.75.1.5. 1.25. 1.0)
u = ($30,$25,520.515.510)
- D
chepa fsphere(x) — Zf:l 'riz
OyHKUNA .
Pa%TpLI:IrVI- Jrastrigin (X) = ZI.D:I (.rf — [0cos 2z x; + 10)
Ha

# grid search for all bag prices, step of 100$
PTM=proc.time () # start clock

Sl=gsearch(rep(100,5) ,rep(1l,5),rep(1000,5) ,profit, "max")
sec= (proc.time () -PTM) [3] # get seconds elapsed

cat ("gsearch best s:",S1$so0l,"f:",S1Seval,"time:",sec,"s\n")

# grid search 2 for all bag prices, step of 100$
PTM=proc.time () # start clock

S2=gsearch2 (rep(100,5) ,rep(1,5) ,rep(1000,5) ,profit, "max")
sec=(proc.time () -PTM) [3] # get seconds elapsed

cat ("gsearch2 best s:",S2S$so0l,"f:",S2Seval,"time:", sec, "s\n")

11



12.1. NMpoueaypbl crenoro noucka

NMPUMEPBI

# nested grid with 3 levels and initial step of 500%
PTM=proc.time () # start clock
S3=ngsearch(3,rep(500,5) ,rep(1,5) ,rep(1000,5) ,profit, "max")
sec=(proc.time () -PTM) [3] # get seconds elapsed

cat ("ngsearch best s:",83$s0l,"f:",383S%eval,"time:", sec, "s\n")

gsearch best s: 401 401 401 401 501 f£: 43142 time: 4.149 s

gsearch2 best s: 401 401 401 401 501 f£: 43142 time: 5.654 s

ngsearch best s: 376.375 376.375 376.375 501.375 501.375 f£:
42823 time: 0.005 s

# real-value functions: sphere and rastrigin:
sphere=function(x) sum(x"2)
rastrigin=function(x) 10xlength (x)+sum(x"2-10%cos (2xpi*x))

cat("sphere:\n") # D=2, easy task
S=gsearch(rep(1.1,2) ,rep(-5.2,2) ,rep(5.2,2),sphere, "min")
cat ("gsearch s:",S$sol,"f:",S$eval, "\n")
S=ngsearch(3,rep(3,2) ,rep(-5.2,2),rep(5.2,2),sphere, "min")
cat ("ngsearch s:",SS$sol,"f:",SSeval, "\n")

cat ("rastrigin:\n") # D=2, easy task

S=gsearch(rep(1.1,2) ,rep(-5.2,2),rep(5.2,2),rastrigin, "min")
cat ("gsearch s:",S$sol,"f:",S$eval, "\n")
S=ngsearch(3,rep(3,2) ,rep(-5.2,2) ,rep(5.2,2),rastrigin, "min")
cat ("ngsearch s:",SSsol,"f:",SSeval, "\n")

12



12.1. NMpoueaypbl crenoro noucka

NMPUMEPBI
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sphere:
gsearch s: 0.3 0.3 £: 0.18
ngsearch s: -0.1 -0.1 f: 0.02
rastrigin:
gsearch s: -1.9 -1.9 f: 11.03966
ngsearch s: -0.1 -0.1 £: 3.83966

X2
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12.1. NMpoueaypbl crenoro noucka

METOAbI MOHTE KAPJ10

=
#

H FH HF F H FH

montecarlo uniform search method

N - number of samples
lower - vector with lowest wvalues for each dimension
upper - vector with highest values for each dimension

domain - vector list of size D with domain values
FUN - evaluation function
type - "min" or "max"

- extra parameters for FUN

mcsearch=function (N, lower, upper, FUN, type="min", .. .)
{ D=length(lower)

}

s=matrix(nrow=N,ncol=D) # set the search space
for(i in 1:N) s[i,]=runif (D, lower, upper)
fsearch(s,FUN, type,...) # best solution

D=c(2,30)
label="sphere"
for(i in 1l:1length(D))
{ S=mcsearch(N,rep(-5.2,D[i]),rep(5.2,D[i]),sphere, "min")
cat (label,"D:",D[1],"s:",S8%s01([1:2],"f:",SSeval,"\n")
}
label="rastrigin"
for(i in 1l:1length(D))
{ S=mcsearch(N,rep(-5.2,D[i]),rep(5.2,D[i]),rastrigin, "min")
cat (label,"D:",D[i],"s:",S$s0l[1:2],"f:",SSeval,"\n")

}

14
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METOAbI MOHTE KAPJ10

.
.
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monte carlo search (N: 10000 )
bag prices:s: 349 .,7477 369.1669 396.1959 320.5007 302.3327 f:

42508
sphere D: 2 s: -0.01755296 0.0350427 f: 0.001536097
sphere D: 30 s: -0.09818928 -1.883463 f: 113.7578
rastrigin D: 2 s: -0.0124561 0.02947438 f: 0.2026272
rastrigin D: 30 s: 0.6508581 -3.043595 f: 347.1969

15



12.2. NMpoueaypbl NOKanbLHOro noucka

NMOUCK BOCXOXAEHUWEM K BEPLUMHE

Monck BOCXOXOEHNEM K BepLUMHE (BOCXOXAEHME) — 3TO TEXHWKa MaTemMaTUdecKoW onTuMu3a-
LUK, NpuHaanexawas ceMewucTBy anropuTMOB NOKanbHOro novcka. Anroputm sIBASIETCH MeToA0M
nTepaunn, KOTopbIN HaYMHAETCA C NPOU3BONBHOMO PelleHns 3adadun, a 3aTeM MbliTaeTcs HauTu nyyd-
Lee pelleHne NyTéM MoLIaroBoro M3MeHeHUsi OAHOro U3 3NEMEHTOB pelleHus. Ecnu pelleHne naér
nyyllee pelleHne, genaetcs npupatleHne ans nonyyeHns HOBOro peLLeHnss U OHO AenaeTcsl, noka He
OOCTUrHEM MOMEHTA, B KOTOPOM Yry4llleHWe HalWTK He yaaéTcs.

Algorithm Pure hill climbing optimization method Search space

I: Inputs: §, /,C > S is the initial solution, f is the evaluation function, C includes control
parameters

neighborhood

2: 10«0 > [ is the number of iterations of the method / “\
3: while not termination_criteria(S, f.C.i) do
4: S" <« change(S,C) > new solution . |
5: B < best(S.57, f) > best solution for next iteration

6: S« B > deterministic select function solution

7 I <—i+1

8: end while

9: Output: B > the best solution

16



12.2. NMpoueaypbl NTOKanbLHOro noucka

NMOUCK BOCXOXAOEHUEM K BEPLUUHE

g
#

H o3 o3k 3 3 3

pure hill climbing:

par - initial solution
fn - evaluation function
change - function to generate the next candidate

lower - vector with lowest values for each dimension
upper - vector with highest wvalues for each dimension

control - list with stopping and monitoring method:
Smaxit - maximum number of iterations
SREPORT - frequency of monitoring information

type - "min" or "max"

- extra parameters for FUN

hclimbing=function (par, £fn, change, lower, upper, control,

{

type="min", ...)
fpar=fn(par, ...)
for(i in 1:controlSmaxit)
{
parl=change (par, lower,upper)
fparl=fn(parl, ...)
if (controlSREPORT>0 &&(i==1]|i%%control$REPORT==0) )
cat("i:",i,"s:",par,"f:", fpar,"s’",parl,"f:", fparl, "\n")
if( (type=="min" && fparl<fpar)
|| (type=="max" && fparlsfpar)) { par=parl;fpar=fparl }
}
if (controlSREPORT>=1) cat ("best:",par,"f:", fpar,"\n")
return (list (sol=par,eval=fpar))

17



12.2. NMpoueaypbl NTOKanbLHOro noucka

NMOUCK BOCXOXAEHUWEM K BEPLUMHE

# slight random change of vector par:
# par - initial solution
& lower - vector with lowest wvalues for each dimension
e upper - vector with highest values for each dimension
® dist - random distribution function
# round - use integer (TRUE) or continuous (FALSE) search
# - extra parameters for dist
# examples: dist=rnorm, mean=0, sd=1; dist=runif, min=0,max=1
hchange=function (par, lower, upper,dist, round=TRUE, .. .)
{ D=length(par) # dimension
step=dist (D,...) # slight step
if (round) step=round(step)
parl=par+step
# return parl within [lower,upper]:
return (ifelse (parl<lower, lower,ifelse (parl>upper, upper,parl)))

s=runif(D,-5.2,5.2) # initial search
hclimbing (s, sphere, change=rchange, lower=rep(-5.2,D),
upper=rep(5.2,D),control=C, type="min")

5 10 15 20 25

o]

X2

18



12.2. NMpoueaypbl NTOKanbLHOro noucka

UMUTALINA OTXKUTA

Algorithm Simulated annealing search as implemented by the optim function

I: Inputs: S, f,C > § is the initial solution, f is the evaluation function, C contains control

parameters (maxit, T and tmax)
2: maxit < get_maxit(C)
3: T <« get_temperature(C)
4: tmax < get_tmax(C)
5

: fs < f(S)
6: B« S
70 <0
8: while i < maxit do
9: for j = 1 — tmax do
10: S" «— change(S.C)
11: fs' «— f(S)
12: r<— %(0,1)
13: p < exp( "”’;"“)
14: it fs" < fsvr< pthenS <« S’
15: end if
16: if /s’ < fsthen B < §’
17: end if
18: i< i+1
19: end for
20 T <« L

log (i/tmax)>tmax—+exp (1)
21: end while
22: Output: B

> maximum number of iterations

> temperature, should be a high number
B> number of evaluations at each temperature

> evaluation of S
> best solution

B> i is the number of iterations of the method

> maxit is the termination criterion
> cycle j from | to fmax

> new solution (might depend on T)
> evaluation of S’

> random number, uniform within [0, 1]
> probability P(S,S’, T) (Metropolis function)
> accept best solution or worst if r < p

> cooling step (decrease temperature)

> the best solution

19



12.2. NMpoueaypbl NTOKanbLHOro noucka

UMUTALINA OTXKUTA

ANropuTM OCHOBBLIBAETCA Ha UMUTALUN PU3NYECKOro MpoLecca, KOTOpbI MPOMCXOAUT NPU KpucTannmsaumm
BeLlecTBa, B TOM YMCre Npu OTXure metannoB. [peanonaraeTcsl, YTO aTOMbl YK€ BbICTPOUINUCH B KPUCTaNMNYECKYHO
PELLETKY, HO eLLé AoMnyCTUMbI Nepexobl OTAEeNbHbIX aTOMOB M3 OAHOM siYelkn B Apyryto. MNMpeanonaraeTcs, 4To Npo-
Lilecc NpoTeKaeT Npu NOCTENEHHO MOoHMXKatLLlenca Temnepatype. MNepexon atoMma U3 ogHON SYEkn B ApYryto npouvc-
XOAUT C HEKOTOPOW BEPOSITHOCTBIO, MPUYEM BEPOSATHOCTb YMEHbLLAETCS C NMOHWKEHNEM TeMnepaTypbl. YcTonunsas
KpucTannuyeckas peliéTka CooTBeTCTBYET MUHUMYMY SHEPTMN aTOMOB, NO3TOMY aTOM NGO NEPEXOANT B COCTOSIHNE
C MEHbLUNM YPOBHEM 3HEpruun, NMbo ocTaércs Ha MecTe.

1000

temperature (T)
200 400 600 800

10 ¥

0 50 100 150 200 250 300

-10

0
|

I ! I I I 20 -15 -10 -5 0 5
0 5 10 15 20

SANN execution (x tmax iterations)

x1
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12.2. NMpoueay

Pbl NIOKalIbHOIo NOUCKa

NMOUCK C SANPETAMU

Algorithm Tabu search

f—

19:
20:

21:

22
23

: Inputs: S, f,C
parameters (maxit, L and N)
maxit < get_maxit(C)

> S is the initial solution, f is the evaluation function, C contains control

> maximum number of iterations

L« get_L(C) > length of the tabu list
: N < get_N(C) > number of neighbor configurations to check at each iteration
. List < {} > tabu list (first in, first-out queue)
1«0 > ¢ is the number of iterations of the method

while i < maxit do
for j =1— N do
S" «— change(S.C)
CList < {}
if S” ¢ List then CList < CList U S’
end if
end for
S" « best(CList. )
if isbest(S’, S, f) then
List < List US’
iflength(List) > L then dequeue(L)
end if
S« 5
end if
i< 1+1
: end while
: Output: S

> maxit is the termination criterion
> cycle j from I to N

> new solution

> candidate list

> add S’ into CList

> get best candidate solution
> if S’ is better than S

> enqueue S’ into List

> remove oldest element

> set S as the best solution S’

> the best solution
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12.2. NMpoueaypbl NTOKanbLHOro noucka

average best

250

350

300

200

= = = hill climbing
----- monte carlo

simulated annealing

2000

4000 6000 8000
number of evaluations

10000
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12.3. MNonynaunoHHble npoueaypbl TOUCKOBOU ONTUMU3aLUU

Search space

information
exchange

solution

initial
population

JlokanbHbIM MOUCK — B OKPECTHOCTU OOHOW
TOYKU

[TonNyNAUNOHHBIN MOUCK — rEeHEeTUYEeCKNe an-
FOPUTMbI, 3BONOLINOHHbIE anNropuUTMBbil, ...
bonbliue BbIMUCNUTENBHbIX YCUNUN, HO: Obl-
CTpee CXOAUMOCTb.

ANroputMmbl pasnuyatoTcs: Kak npeacraBne-
Hbl peLeHnst n Kakme aTtpubyTbl C HUMU CBSI-
3aHbl, KaK CTPOUTCSH HOBOE peLLEeHNe.

e B OCHOBHOM M€eXaHU3Mbl NOCTPOEHUA peLIJeHI/IVI 3aMMCTBOBaHbl U3 MNMpPpUpoadbl: reHeTnKa,
€CTECTBEHHbIN OT60p, KOJ1eKkTnBHoe nopegeHmne XMBOTHbIX U paCTeHMIZ.
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12.4. FleHeTN4YeCKMe 1 3BOJTIOLUOHHbLIE ariropuTMbl

OBOJNOUMOHHbIE BbluncneHust (OB) nexaT B OCHOBE HECKOMNbKUX anropuTMoB ONTUMMU-
3auum U OCHOBaHbl Ha PEHOMEHE eCTECTBEHHOIO 0T6opa 1 NpUHLIMNAG COCTA3aTENbHOCTH.
[‘eHeTu4eckue anroputmbl (FCA) B camom Havane onepmpoBann TONIbKO OMHAPHLIM
npeacraBneHnemM peweHns ¢ NpUMeHeEHeEM nNpoueaypbl KpoccoBepa S Nony4YeHUs HO-
BOro peweHus. lNosgHee naen 3B Obin NpuMeHeHb! 4nga noctpoeHns ['A ¢ uenbko paboThl
C UCXOOHbIM NPeACTaBIEHNEM PELLUEHUS 3a4a4M N PErysiMpoBaHnUsa reHeTUYECKUX onepa-
TOPOB OT KpoccoBepa 40 NPOCTON MyTaLuu.

Buonornyeckas TepMMHONOIUA:

Ocobb, nonynaumsa

[[eHOTUM, reHOM, XpOMOCOMa — CTPYKTypa ocobu, nonynaumm

[[eH — no3numsa B XpoMocoMe, annenb — 3Ha4YeHne reHa

deHOoTNN — COBOKYMNMHOCTb NPU3HAKOB, OLEeHKa, HAaCKOJIbKO 0COOb «xopoway (uenesas
doyHKUMSA)

Pa3MHOXeHMe — COBOKYMNMHOCTb KpoccoBepa U MyTauuin. Y4acTBYOT ABa npeaka, nomny-
YaeTcsl NOTOMOK, OTIINYHLIN OT OCTallbHbIX U3-3a MyTaLuMW.
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12.4. FleHeTN4YeCKMe 1 3BOJTIOLMNOHHLIE afirOPUTMbI

Genetic/evolutionary algorithm as implemented by the genalg

package
1: Inputs: f.C > f 1s the evaluation (fitness) function, C includes control parameters
2: P < initialization(C) > random initial population
3: Np < get_population_size(C) > population size
4: E «— get_elitism(C) > number of best individuals kept (elitism)
5:0i«0 > i 1s the number of iterations of the method
6: whilei < maxit do
1 Fp < f(P) > evaluate current population
8: Pr < best(P, Fp, E) I> set the elitism population (lowest £ fitness values)
9: Parents < selectparents(P, Fp, Np — E) > select Np — E parents from current
population
10: Children < crossover(Parents,C) > create Np — E children solutions
11: Children < mutation(Children, maxit,i) > apply the mutation operator to the
children
12: P < EUChildren > set the next population
13: i<—i—+1
14: end while
15: Output: P B> last population
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12.4. FleHeTN4YeCKMe 1 3BOJTIOLUOHHbLIE ariropuTMbl

, cutting position | mutation position

4 &
parents | 10100111/ | 010[11110] 10100111

- l .-E*“’”ff;:}%:%“"““m._ Y _
children (10111110 |010f00111] [1011]0o111
KpoccoBep MyTaums

MyTauns «pearibHbIX» reHOB
g =067 xrg xdr xR,
ra € {—1.1}
dy = (maxit —i)/maxit

R, = max (g) — min(g)
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12.4. TeHeTU4YeCKUe U 3BOJTIIOLUOHHbIE anropuTMbl

### bag-genalg.R file ###
library (genalg) # load genalg package
source ("functions.R") # load the profit function

# genetic algorithm search for bag prices:
D=5 # dimension (number of prices)
MaxPrice=1000
Dim=ceiling(log(MaxPrice,2)) # size of each price (=10)
size=D+Dim # total number of bits (=50)
intbin=function(x) # convert binary to integer
{ sum(2” (which(rev(x==1))-1)) } # explained in Chapter 3
bintbin=function(x) # convert binary to D prices
{ # note: D and Dim need to be set outside this function
s=vector (length=D)
for(i in 1:D) # convert x into s:
{ ini=(i-1) *Dim+1;end=ini+Dim-1
s[i]l=intbin(x[ini:end])
}

return(s)

}

bprofit=function(x) # profit for binary x

{ s=bintbin (x)
s=ifelse(s>MaxPrice,MaxPrice,s) # repair!
f=-profit(s) # minimization task!
return (f)
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12.4. FleHeTN4YeCKMe 1 3BOJTIOLUOHHbLIE ariropuTMbl

# genetic algorithm execution:

G=rbga.bin(size=size,popSize=50,1iters=100, zeroToOneRatio=1,
evalFunc=bprofit,elitism=1)

# show results:

b=which.min (Gsevaluationsg) # best individual

cat ("best:",bintbin (G$population[b,]),"f:",-GSevaluations [b],
" \Il")

pdf ("genalgl.pdf") # personalized plot of G results

plot (-GSbest, type="1",1lwd=2,ylab="profit", xlab="generations")

lines (-GSmean, lty=2, lwd=2)

legend ("bottomright",c("best", "mean") ,lty=1:2, lwd=2)

dev.off ()

summary (G, echo=TRUE) # same as summary.rbga

> source ("bag-genalg.R")
best: 427 431 425 355 447 f: 43671
GA Settings

Type = binary chromosome
Population size = 50

Number of Generations = 100

Elitism =1

Mutation Chance 0.0196078431372549

Search Domain

Var 1 = [,]
Var 0 = [,]
GA Results
Best Scolution : 01 1 01 0101101101011 11011
010100101011 000110212210111111



12.4. FleHeTN4YeCKMe 1 3BOJTIOLUOHHbLIE ariropuTMbl

### sphere-genalg.R file ###
library(genalg) # load genalg

# evolutionary algorithm for sphere:
sphere=function (x) sum (x™2)

D=2 <+ - 2 °
monitor=function(obj) ° ° ®
{ if(i==1) .
{ plot (obj$population,xlim=c(-5.2,5.2),ylim=c(-5.2,5.2), 3 o °
xlab="x1",ylab="x2", type="p", pch=16, &
} col=gray(1l-i/maxit)) (>\l< O v Do, %awe 5 ve a °
o o )
else 1if(1i%%K==0) points(cbjsSpopulation,pch=16¢, o ® ® *
col=gray(l-i/maxit)) o >
i<<-i+1 # global update
L ]
} T4 e . .
o o

maxit=100

K=5 # store population wvalues every K generations

i=1 # initial generation

# evolutionary algorithm execution: x1

pdf ("genalg2.pdf",width=5,height=5)

set .seed (12345) # set for replicability purposes

E=rbga(rep(-5.2,D) ,rep(5.2,D) ,popSize=5,iters=maxit, > source ("sphere-genalg.R")
monitorFunc=monitor, eval Func=sphere) best: 0.05639766 0.009093091 f: 0.00326338

b=which.min (Esevaluations) # best indiwvidual

cat ("best:",ESpopulation[b,],"f:",ESevaluations[b], "\n")

dev.off ()
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12.5. AnddepeHumnanbHas 3BonNHOUUA

cnonb3yoTca apudmMmeTmyeckme onepaumm npm NoCTPOEHNUM HOBOIO peLLeHns
Belibop Tpex ocoben (S, Sy, Ss)
CospaHne myTaHTa

Sm,j = S1,j + F x (xZ-j - x_a__;'}’ F ¢ [0~ 2]

Ecnu CO3,EI,aHHbII7I MYTaHT BbIXOOWUT 3a rpaHnubl, TO
Sm.j = max (s;)— (0, 1)(max (s;) —min(s;)) Sm.j > max (s;).

Spmj = min(s;) + Z (0, 1)(max (s;) — min(s;)) Sm.j < Max (s;).

HoBble NOTOMKM co34aloTCA 40 TeX Nop, NoKa BCe reHbl He MyTupytoT unn r > CR,
r=U(0,1), CR — BEpPOATHOCTbL KpoccoBepa.
HoBaga nonynaumsa — nosiydeHHble MOTOMKN U OCTaBLUMECHA pOaAUTENN.
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12.5. AnddepeHumnanbHas 3BonNHOUUA

Differential evolution algorithm as implemented by the DEoptim

package
1: Imputs: f,C > f is the evaluation (fitness) function, C includes control parameters
2: P < initialization(C) > set initial population
3: B < best(P.f) > best solution of the initial population
4: i <0 > i 1s the number of iterations of the method
5: while not termination_criteria(P, f.C.i)do > DEoptim uses up to three termination

criteria

6 for each individual s € P do > cycle all population individuals
1. s" «— mutation(P,C) > differential mutation, uses parameters F and CR
8 if /(s’) < f(s) then P < replace(P.s.s") > replace s by s’ in the population
9: end if

10: if f(s’) < f(B) then B < s’ > minimization goal

11: end if

12: end for

13: i<—i+1
14: end while
15: Output: B, P > best solution and last population
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12.5. AnddepeHumnanbHas 3BonNHOUUA

### sphere-DEoptim.R file ###
library (DEoptim) # load DEoptim

sphere=function (x) sum(x"2)

D=2

maxit=100

set.seed(12345) # set for replicability

C=DEoptim.control (strategy=1,NP=5, itermax=maxit,CR=0.9,F=0.8,
trace=25, storepopfrom=1, storepopfreg=1)

# perform the optimization:

D=suppressWarnings (DEoptim(sphere,rep(-5.2,D) ,rep(5.2,D),

control=C))

# show result:

summary (D)

pdf ("DEoptim.pdf",onefile=FALSE,width=5,6height=9,

colormodel="gray")

plot (D, plot.type="storepop")

dev.off ()

cat ("best:",DsoptimSbestmem, "f:",DSoptimsbestval, "\n")

> source ("sphere-DEoptim.R")

Iteration: 25 bestwvalit: 0.644692 bestmemit: 0.799515
0.073944

Iteration: 50 bestwvalit: 0.308293 bestmemit: 0.550749
-0.0704593

Iteration: 75 bestwvalit: 0.290737 bestmemit: 0.535771
-0.060715

Iteration: 100 bestwvalit: 0.256731 bestmemit: 0.504867
-0.042906

*%**% summary of DEoptim object #%#xx=*

best member : 0.50487 -0.04291

best wvalue : 0.25673

after : 100 generations

fn evaluated : 202 times

eSS S AR R SRS EEEEEEEEEEEEEEEEEE S EE S S

best: 0.5048666 -0.0429055 f£: 0.2567311



12.6. POMHbIEe anropnTtMbl

Particle swarm optimization pseudo-code for SPSO 2007 and 2011

1: Inputs: f,C > f is the fitness function, C includes control parameters
2: P < initialization(C) > set initial swarm (topology, random position and velocity,
previous best and previous best position found in the neighborhood)

3: B < best(P, f) > best particle
4: i <0 > i 1s the number of iterations of the method
5: while not termination_criteria(P, f,C,i) do

6 for each particle x = (s.v, p.[) € P do > cycle all particles
1 v < velocity(s,v, p.l) > compute new velocity for x
8 s < s5+v > move the particle to new position s (mutation)
9: s «— confinement(s,C) > adjust position s if it is outside bounds
10: if f(s) < f(p)then p < s &> update previous best
11: end if
12: x < (s,v, p,1) > update particle
13: if f(s) < f(B)then B < 5 > update best value
14: end if
15: end for

16: i<—1i+1
17: end while
18: Output: B > best solution
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12.6. POMHbIEe anropnTtMbl

### sphere-psoptim.R file ### pari
library(pso) # load pso 4

— .
sphere=function(x) sum(x"2) 3+,

D=2; maxit=10; s=5
set.seed(12345) # set for replicability

value
-
| |

C=list (trace=1,maxit=maxit, REPORT=1,trace.stats=1,s=5) 0
# perform the optimization: - T . . . .
PSO=psoptim(rep (NA, D), fn=sphere, lower=rep(-5.2,D), 0 20 40 60 80 100

upper=rep(5.2,D),control=C) stored population

# result:
pdf ("psoptiml.pdf",width=5,height=5)
j=1 # j-th parameter

par2

4_

plot(xlim=c(1l,maxit),rep(l,s),PS0SstatssSx[[1]][],],pch=19,

xlab="iterations",ylab=paste("s ",j," value",sep="")) ® 24 =
for(i in 2:maxit) points(rep(i,s),PS0Sstatssx[[i]] [],],pch=19) g 0 '....._F'.#-—.___._.__
dev.off () PN e
pdf ("psoptim2.pdf",width=5, height=5) e
plot (PSOSstatsSerror, type="1",1lwd=2,xlab="iterations", ' ' ' ' '

. 0 20 40 60 80 100

vlab="best fitness")

dev.off () stored population

cat ("best:",PSOSpar,"f:",PS0Svalue, "\n")
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12.7. Estimation of Distribution Algorithm

Generic EDA pseudo-code implemented in copulaedas package,

adapted from Gonzalez-Fernandez and Soto (2012)

l:

— ok

13:
14:
15:
16:
17:

=oWORMAE WM

Inputs: f,C > f is the fitness function. C includes control parameters (e.g.. Np)
. P <—initialization(C) > set initial population (seeding method)
if required then P < local _optimization(P, f.C) > apply local optimization to P
end if
B < bhest(P, f) > best solution of the population
i< 0 t> i 1s the number of iterations of the method
while not termination_criteria(P. f.C) do
P’ <« selection(P. .C) > selected population P’
M <« learn(P’) > set probabilistic model M using a learning method
P" < sample(M) &> set sampled population from M using a sampling method

if required then P’ < local _optimization(P’, f.C) © apply local optimization to
P.l"
end if
B < best(B.P'. f) > update best solution (if needed)
P < replacement(P. P', f.C) © create new population using a replacement method
i<—i+1
end while
Output: B > best solution
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12.7. Estimation of Distribution Algorithm

library (copulaedas)

sphere=function(x) sum(x"2)

D=2; maxit=10; LP=5

set .seed(12345) # set for replicability

setMethod ("edaTerminate”, "EDA", edaTerminateMaxGen)
setMethod ("edaReport", "EDA", edaReportSimple)

# set EDA type:

UMDA=CEDA (copula="indep" ,margin="norm", popSize=LP, maxGen=maxit)
UMDA@name="UMDA (LP=5)"

# run the algorithm:

E=edaRun (UMDA, sphere,rep(-5.2,D) ,rep(5.2,D))

# show result:

show (E)

cat ("best:",E@bestSol,"f: ", E@bestEval, "\n")

# second EDA execution, using LP=100:

maxit=10; LP=100;

UMDA=CEDA (copula="indep",margin="norm", pocpSize=LP, maxGen=maxit)
UMDA@name="UMDA (LP=100)"

setMethod ("edaReport", "EDA", edaReportDumpPop) # pop *.txt files
E=edaRun (UMDA, sphere,rep(-5.2,D) ,rep(5.2,D))

show (E)

cat ("best:",E@bestSol, "f:",E@bestEval, "\n")

# read dumped files and create a plot:
pdf ("edal.pdf",width=7,6 height=7)
j=1; # j-th parameter
i=l;d=read.table(paste("pop ",i,".txt",sep=""))
plot (xlim=c(1,maxit),rep(1,LP),d[,]],pch=19,
xlab="iterations",6 ylab=paste("s_",j," value",6 sep=""))
for(i in 2:maxit)
{ d=read.table (paste("pop ",i,".txt",sep=""))
points (rep(i,LP),dl[,j]l,pch=19)
}

dev.off ()

> source ("sphere-EDA.R")

Generation Minimum
1 7.376173e+00 1
2 7.583753e+00 1
3 8.001074e+00 9
4 7.118887e+00 8
5 7.075184e+00 7
6 7.140877e+00 7.
7 7.070203e+00 7
8 7.018386e+00 7
9 6.935975e+00 7

10 6.927741e+00 6

Results for UMDA (LP=5)
Best function evaluation
No. of generations

Mean

.823098e+01
.230911e+01
.506158e+00
.358575e+00
.622604e+00

321902e+00

.222189e+00
.089300e+00
.010147e+00
.946876e+00

Std. Dev.

.958909%e+00
.032899%e+00
.969029e-01
.419817e-01
.998974e-01
.257652e-01
.176669e-01
.450968e-02
.216829e-02
.160758e-02

6.927741e+00

10

No. of function evaluations 50
0.103 seconds
f£f: 6.927741

CPU time
best: 1.804887 -1.915757

Results for UMDA (LP=100)
Best function evaluation
No. of generations

5.359326e-08

10

No. of function evaluations 1000
0.036 seconds
best: -0.00013545 0.0001877407 f:

CPU time

5.355326e-08

s_1 value

-2

-4

T T
6 8

iteratinna
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12.12. CpaBHeHue NonynsuMoHHbIX anropuTMoB

average best

150 200 250 300 350

100

50

rastrigin (D=20)

30000

T
4000 6000
number of evaluations

T
8000

rastrigin
EA DE PSO EDA
38 64 101 74
100 94 2 58
EZ DE PSO EDA

43674 43830 43722 43646

86 100

100

10000

(D=20)

92

(averags best)
($successes)

((successes)

bag prices (D=5)

40000
|

average best
35000
l

P L .

—— EA
--- DE
,,,,, PSO
.—.- EDA

I I T I I
0 1000 2000 3000 4000 5000

number of evaluations

[average best)
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12.9. MHoroueneBasi onTuMmn3auus

D D
U=l —exp((/D))/3°% fr= ) (xi —0.5¢cos(10mi/ D) = 0.5)}
=1 =1

f1 f2
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12.9. MHoroueneBasi onTuMmn3auus

B3BELUEHHbIA ®YHKLMOHAT

O=w Xg+waxXg+...4+w, xXg,

| ) W
O g, X g~ X...xXg"

gi— uenn, w; — Beca.

HepocTtaTtku: ngeanbHble Beca onpeaentb HEBO3MOXHO (OCHOBAHUE — MHTYULINSA);
pas3nuyHble KOMOUHaLMN BECOB NPUBOAAT K Pa3fMYHbIM peLleHnaM (HOBble npoLleaypbl
oNTUMM3aLMK); NP KOPPEKTHOM OnpeaeneHNn BECOB NMOUCK UCKMIOYaET BO3MOXKHbIE «KOM-
MPOMMUCCHIY.

sl s2 4 non-dominated solutions
(O———— dominated solutions

\\\)O//g/ Ob]2 \/\ O OO
e N
\Q\\O/Iinear linear .~~~

~ combination combination ~

obj. 2

dominated

solutions
b \pareto front

pareto front | _—

non—-dominated solutions

- -
L L

objective 1 objective 1
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12.9. MHoroueneBasi onTuMmn3auus

NNEKCUKOIPA®UYECKUN Noaxon

e Y pasnnyHbIX Lesien pasHbii NpUopuTeT onTMmMmusaumnm

[MpenmyLLLEeCTBO: MO CPaBHEHMIO C B3BELUMBAHNEM OTCYTCTBYET npobrnemMa cMmelunBa-
HUSA HECPaBHMUMbIX MOKa3aTernen.

HepoctaTok: HEO6X0AMMOCTb oripeagenexHnsd npunopmnteta n nopora 3Ha4nMMmoCTn.

NCMNMOJIb3OBAHUE NMPUHLUUMNA NAPETO

PelweHne s; goMmuHUpyeT (B cMmbicre apeTo) Hag pelleHnem Sy, ecnm S; nydlle XoTd
Obl ONs O4HOro rnokasartensa u He XyXe, YeM S, Ansa apyrux. PelleHne s; He goOMUHUPYeET,
€CNnn HEeT TaKoro S;, KoTopoe AOMUHWUPYET Hapg S; U NUHNA [MapeTo coaepXXuT Bce HeJoMU-
HUpyoLwme pelwleHns. Vicnonb3ysa Takon nogxod, MHorouernesad ontummsauud no lNapeto
aaeT Habop HEAOMUHUPYIOLWMX PELLUEHUI, @ HE OOQHO peLLeHne.
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