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i Heuristickeé reSeni problému

= Popis nekolika zakladnich metod
= lokalni prohledavani
=« branch and bound
= Simulated annealing, TABU
= evolucni algoritmy

= Pouziti na problém obchodniho
cestujiciho



i Problém obchodniho cestujiciho (TSP)

= vrcholy — meésta
= hrany — cesty, ohodnoceni
= nejkratsi (nejlevnejsi) cesta
= kazdé mesto navstivi prave
jednou
= varianty
= Symetrie
= trojuhelnikova nerovnost
= cesta mezi kazdymi dvéma mesty

= [s=""V



i Heuristickeé reSeni problému

O reprezentace
= poradi navstivenych mést — permutace
= Seznam hran

= Cil
= nhalezeni cesty s minimalni délkou

= ohodnoceni <<::f%qu)
= délka cesty compare(x, )

= reseni
" xeFcS;VyeF eval(x)<eval(y)




i Lokalni prohledavani

= Mmnozina sousednich reseni
= operator 2-swap
@ = operator 2-interchange

N (X) B best = initial solution;
for i=1 step 1 until MAX_TRIES do begin
s = initial solution;
S for j=1 step 1 until MAX_ITERS do begin
s’ = random neighbour(s)
if (eval(s’) better eval(s)) then s=s'
end
if (eval(s) better eval(best)) then best=s;
end
return best;




iLokéIm’ prohledavani — TSP

= 2-Swap = 2-interchange
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Lin-Kernighan

T= random tour; best_cost=cost(T);
for each node k of T do
=0 path for each edge (i,k) of T begin
C: if there is j!=k such that dist(i,j)<=dist(i,k)
then p = &-path (T,i,k,j) // (1) -> (1))
else goto B;
A: T = construct tour (p);
if (eval(T)<=best_cost)
then store T; best_cost=eval(T);
if there exists a switch of p resulting in
O0-path with cost not greater then eval(T)
then p = that switch; goto A;
B: if (eval(T)<best_cost)
then store T; best_cost=eval(T);
if there remain untested node/edges comb.
then goto C;

a-b-c-d-e-f-g-h-i-d
switch(d,e) end



iBranch and bound - TSP
S

PNy = hranova reprezentace cesty
(1,2) RES » odhad reseni
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Stochastic hill-climer

= pravdepodobnost prijeti reseni
1

B 13T
P = eval(s)—eval(sy T ¢ P
l+e ! 1 2e-7 |1.00
. . 5 0.0743 |0.93
= (maximalizace) 10 |0.2725 |0.78

20 0.52 0.66

s = initial solution;

for i=1 step 1 until MAX_ITERS do begin |20 077 10-56

s’ = random neighbour(s) 10e10 [ 0.9999 |O0.5...
if (random(0,1)<1/(1+exp[(eval(s)-eval(s'))/T]) )
then s=s";
end

return s;



iSimuIated annealing

= teplota T
= harmonogram chladnuti g(T,i)
s = initial SOIUtion; | = 0; eval(s')—eval(sy
repeat p=e T
repeat

s’ = random neighbour(s)
if (eval(s") > eval(s)) or
(random[0,1)<exp[(eval(s’)-eval(s))/T])
then s=s";
until (terminal-condition)
T =g(T,1); i++;
until (halting-condition)
return s;



i Tabu search

= pameét’ (pevné delky) — tabu list
= n poslednich ohodnoceni
= napr. list (promenna, hodnota)
= aspiracni kritéria
= TSP: Knox alg.
= 2-interchange
= pamét’ — nové hrany v operatoru 2-interchange

= tabu — pokud jsou obé v tabu listu
= délky tabu-listu 3n, max. itraci kn*



Evolucni algoritmy

= populace
= cesty obchodniho cestujiciho

= nNova populace

= Vybér a krizeni nékolika jedinct (krizeni jejich
genl)

= nahodny vybér

= vybér dle ,kvality" jedinct (napf. tournament selection)
= mutace vyniklych jedincl — variation operator

= nahodna zmeéna genu

= heuristika

= optimalizace jedince
= vybeér cilové populace

= pouze z novych jedincl, ze vSech jedincl



i Evolucni algoritmy - krizeni

= 2 rodiCe — operator crossover
= permutace __— cut points

B, =[13/562478]
—— 0, =[56231487]
P, =[36215487]

= 1 rodic

= heuristic crossover
= nahodné zvol hrany (i,j) (k,m), pokud

dist(i, j)+ dist(k,m) > dist(i,m) + dist(k, j)

= vymén zvolené hrany za (i,m) a (k,j)



i Evolucni algoritmy - krizeni

PMX (partially-mapped)
_123\4567\89 O, =[xxx1876xx] 1<>4 8¢5
—>
:452‘1876\93] 0, = [xxx\4567‘xx] T<>6 67
O, =[x23[1876/x9] O, =[423[1876/59]
—> —
0, =[xx2/456793] 0, =[182/456793]
= OX (order)

SR
I

=[123/456789] O, =[xxx/4567|xx] O, =[218/456793]
— —>
P, =[452[1876/93] O, = [xxx|1876|xx] 0, =[345[187692]
= CX (cycle)
B, =[123456789] { 0,
—>

P, =[412/876935]

= [ Looooooex] = [ Ixx4xxxxx]

= [Ixx4xxx8x]=[1234xxx8x]=[1234769835]



i Evolucni alg. + local search

= lokalni prohledavani

P(0)=initial population; t=0; - Lln'Kemlghan

apply local optimizer to P(0); » 2-0pt, 3-opt
evaluate P(0); !
while (not termination-condition) dog g |ter

begin .
th = rekombinace
select P(t) from P(t-1);
alter P(t); = mutace

apply local optimizer to P(t); = Padbel‘g-RinaIdi

evaluate P(t);

end; = OX operator



i Iner-over operator

P=initial population;

= DF. C=3 ('=5
- o " . e
while (not termination-condition) do begin
for each tour T from P do I'=[2,3,9,4,1,5,8,6,7]
T'<-T; \L
select (randomly) a city c from T
repeat 1'=12,3,5,1,4,9,8,6,7]
if (rand()<=p)

then select ¢’ from remaining cities in T’;

else select (randomly) any tour from P;
¢’ = next city after c in selected tour;
invert the selection from the next city c to the city ¢"in T';
c=c}
if (eval(T')<=eval(T)) T<-T’;
end;
end;



iTSP - benchmarks

= Nahodné rozmisténi meést (Euklidovsky prostor)
= oCekavana deélka nejkratsi cesty ' = k/n - R
=« Held-Karp ;>100

0.52229 N 1.31572 3.07474
Jn n nn
= Bonomi-Lutton f =0.749

= Kolekce verejné dostupnych testovacich uloh
= http://www.iwr.uni-heidelberg.de
/iwr/comopt/soft/TSPLIB95/TSPLIB.html

k =0.70805 +




= Cerpano z knihy
« Z.Michalewicz, D.B.Fogel
How to Solve It: Modern Heuristics
Springer, 2000
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