Pretraga promenljivih okolina
Variable Neighborhood Search

P. Hansen i N. Mladenovi¢, 1997
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VNS

m Tri glavna koraka koja je ciklicho ponavljaju dok se ne ispune uslovi zaustavljanja:
1. Shaking procedure
2. Improvement procedure
3. Neighborhood change step
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VNS

1. Shaking procedure - procedura potresa
- Izbegavanje zamke lokalnog minimuma

- Neka je definisan skup operatora N = {]\fl e Nkmax}' Za svaki operator
Ny, 1 < k < max, datom reSenju x se dodeljuje predefinisana okolina N;, (x).

Jednostavnom procedurom potresa iz k-te okoline se slu¢ajno bira resenje

Algorithm 1: Shaking procedure

Function Shake(z. k. N):
choose ' € Ni(z) at random;
return =’

Institut za matematiku i informatiku

77



VNS

3. Neighborhood change step - promena okoline

- Donosenje odluke koja okolina Ce biti pretrazivana i koje resenje ¢e biti
prihvac¢eno

- Sekvencijalna promena okoline

Algorithm 2: Sequential neighborhood change step

Procedure Neighborhood_change sequential(x, x', k)
if f(z') < f(z) then
T4+ x';
k— 1:
else
| k+k+1;
end
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VNS

3. Neighborhood change step - promena okoline
- Ciklicna promena okoline

Algorithm 3: Cyclic neighborhood change step

Procedure Neighborhood_change_cyclic(z, z’, k)
k+—k+1;
if f(z') < f(z) then
| =+ 2;
end
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VNS

3. Neighborhood change step - promena okoline
- ,Cevasta“ promena okoline

Algorithm 4: Pipe neighborhood change step

Procedure Neighborhood_change_pipe(z, z’, k)
if f(z') < f(z) then
Tz
else
| k+ k+1;
end
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VNS

3. Neighborhood change step - promena okoline
- Iskrivliena® promena okoline

Algorithm 5: Skewed neighborhood change step

Procedure Skewed Neighborhood_change(x, =/, k, o)
if f(z')— f(z) < ad(z’,z) then
T +—x';
k+— 1;
else
| k+ k+1;
end
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VNS

Algorithm 6: Local search using the first improvement search strategy.

Function LS _FI(z, N)
repeat
Let N(z) = {z!,...,2P};
2. Improvement procedure i 0;
'
- Lokalna pretraga repeat
1+ 1+ 1;
if f(z') < f(z) then
T xt;
break;

end

until i = p;

until f(z') < f(=);
return -r’,'

Algorithm 7: Local search using the best improvement search strategy.
Function LS_BI(z, N)

repeat

' x;

T 4 argminge n(z2)f(y);
until f(z') < f(z);

return r’;
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VNS

2. Improvement procedure - popravljanje reSenja
- Lokalna pretraga

- Variable neighborhood descent procedures (sekvencijalni, ciklicni, cevasti,
ugnjezden, mesovit)

m Ukoliko je reSenje lokalni minimum za viSe okolina, onda je dobar kandidat za
globalni minimum

- Simulirano kaljenje, Tabu pretraga, Iterativna lolalna pretraga, Genetski
algrotitam, GRASR....
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Osnovni VNS

Algorithm 12: Basic Variable Neighborhood Search.

Function Basic VNS(z, kyqz. NN )
repeat
B+ 1;
while k& < kpar do
x' + Shake(x, k,N);
x" + Local_search(z’, N);
Neighborhood_change_sequential(x, ="/, k);
end

until stopping condition is fulfilled;
return r;
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VNS - Varijante

m Fiksirana pretraga okoline = Iterativna lokalna pretraga
m Redukovani VNS - bez korake popravljanja resenja

m Opsti VNS - umesto LS koristi VND

m ,Iskrivljeni“ VNS - koristi ,iskrivljenu® promenu okoline

m Ugnjezdeni VNS - VNS umesto LS
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VNS - napredne varijante

m Variable neighborhood decomposition search
m Primal-dual VNS

m VNS for nonlinear optimization (Gaus, Nelder-Mead umesto LS)
m VNS for Mixed Integer Non-Linear Programs

m Variable formulation space search

m Parallel VNS
m Hybrids
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VNS za SAT

1. Reprezentacija resenja - vektor bitova
Funkcija cilja - broj klauza koje su zadovoljene pri interpretaciji

3. Inicijalno resenje - slucajno generisano resenje

- Radi unapredenja inicijalizacije moze se slucajno generisati vise potencijalnih
resenja, pa za inicijalno izabrati najbolje

4. Okolina - k-tu okolinu predstavljaju vektori koji se od posmatranog resenja razlikuju
U K bitova

5. Procedura potresa - generisati resenje koje se od trenutnog razlikuje u k bitova
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VNS za SAT

6. Lokalna pretraga - u datoj okolini trazi se resenje sa boljom funkcijom cilja

- Radi efikasnosti broje se klauze koje nisu zadovoljene i onog trenutka kada
njihov broj prevazide broj kod trenutnog resenja, resenje se odbacuje

7. Promena okoline
- Sekvencijalna
- Ciklicnha
- Cevasta
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VNS za SAT

Ha3B npuMepa EPDLT;:ETH y Epd?i::;f: y MH,ﬂ,EHc::::::;l;mhemx
uf20-91 20 91 [1,..., 10]
uf50-218 50 218 [1,..., 10]
uf75-325 75 325 [1.,..., 10]

uf100-430 100 430 [1,..., 10]
uf150-645 150 645 [1..... 5]
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VNS za SAT

Hasue

Onuc

Tvn

Moryhe BpegHocTH

maxk

MakcumManda BpegHocCT Kojy
k (oKoNMHa) MOXe Na uMa.

Lleo opoj

x€[2,5],xEZ

searchMethode

MeTo4a noKanHe npeTpare:
1. NlokanHa npeTpara npeor
nodossllaka

2. NNokanHa npeTtpara

HajbosseHr nodosbllara

Leo opoj

x€[1,2],x€Z

neighborhoodMethod

MeTola NpoMeHE OKOMMHE:
1. CekBeHUMjaNHa NpOMeEHa
OKOMIMHE

2. Kpy®Ha npomeHa
OKOJIMHE

3. UeeacTa (eHr. Pipe)
NPOMEHA OKONTMHE

Lleo opoj

x€[1,3],xEZ

maxDuration

MaKCUManHo 403B0/LEHO
W3BPLLABAHE M3PAXKEHO Y
MWKpPOCEKYHAaMa.

Leo dpoj

x=15000000
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VNS za SAT

MpoceyHun YKynHo lNMpoceyHo
searchMet | neighborho |maxDuratio| npouenar |3apoeo/eH| Bpeme
maxK

hode odMethod n 3a/l0BOJbEH MX M3BpLLABA

MX Knaysa | dopmyna Hoa
4 2 2 15000000 0.994452 53 11718800
3 2 1 15000000 0.994429 54 11658400
3 2 3 15000000 0.994428 63 11169500
3 2 2 15000000 0.994335 59 11441200
4 2 3 15000000 0.994231 21 12000700
4 2 1 15000000 0.993968 59 11820500
%) 2 3 15000000 0.993294 46 12512500
5 2 1 15000000 0.993251 48 12350200
5 2 2 15000000 0.993108 47 12581600
al 1 3 15000000 0.991789 31 12977900
4 1 1 15000000 0.991721 31 13015700
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VNS za PSAT

i best ITpocedHo BpeMe ITpocek pelmeHHX ITpomeHaT pelleHHX
H3BPIIABAA IpHMepa IpHMepa
9 YES 2251.12637 2761111111 92.04%
10 YES 2627.999259 27.55555556 91.85%
8 YES 2209.338981 2727777778 90.93%
7 YES 1494471259 26.72222222 89.07%
6 YES 853.9062778 26.33333333 87.78%
9 NO 1869.03063 26.33333333 87.78%
10 NO 1780.79537 26.05555556 86.85%
5 YES 609.2723889 2583333333 86.11%
8 NO 1394 446667 255 85.00%
4 YES 511.7403148 2511111111 83.70%
6 NO 451.4740185 24 66666667 82.22%
7 NO 865.3665185 2461111111 82.04%
3 YES 354.6732963 2455555556 81.85%
5 NO 275.220037 2422222322 80.74%
2 YES 326.4263389 2416666667 80.56%
1 YES 322.7114815 23.66666667 78.89%
4 NO 172 937963 23 05555556 76 85%
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