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Teoreticky rozbor problémov diskrétne) optimalizacie
Stidium existujicich sekvenénych a paralelnych algoritmov pre
rieSenie problémov diskrétne) optimalizacie

Navrh a implementacia vlastnych algoritmov pre danu skupinu

problémov (pokusit’ sa posunut’ hranice rieSenia optimalizacnych

problémov)

a. ha vyvinutych algoritmoch prezentovat’ moznosti zapojenia
viacerych vypoctovych jednotiek do procesu hl'adania rieSenia,

b. analyzovat ich dopad na ¢as hl'adania rieSenia a kvalitu
najdenych rieSeni

€. ana zaklade analyzy poukazat’ na mozné vyhody pouZzitia
viacerych vypoctovych jednotiek pri rieSeni problemov.
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* Teoreticke zaklady

1. Algoritmy (vlastnosti, efektivita, zlozitost'...)

2. Klasifikacia problémov

3. Hl'adanie rieSenia problémov (stratégie hl'adania)
4. Paralelné vypocty, paralelizacia

 Prakticka ¢ast’

1. Problém n-dam
2. Quadratic assignment problem (QAP)
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1957 - Koopmans, Beckman (loka¢ny problém)

» priradit’ n — zariadeni; na n — lokalit

Tok (1,2)=9
Tok (1,3) =3
Tok (1,4)=5
Tok (2, 3) = 2
Tok (2,4) =7
Tok (3, 4) = 4

nmn={,23,4}
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1957 - Koopmans, Beckman (loka¢ny problém)

 priradit’ n — zariadeni
* nan - lokalit

* a; - tok medzi zariadenimfaj = (ai]-) =A
* b;j - vzdialenost' medzi zariadeniamiiaj = (b;)=B
. néklady -C= Zi,j al-jbl-j

n n
min a
TES 2 Z TTymj U

=1 j=1

S, - mnoZina permutacii {1,2, ...n}

1-lmin =7

NP — fazky problém



[ Praktické vyuzitie 1
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Rozmiestnenie budov vo vojenskej zakladni

n budov

vzdialenost’ medzi budovami 1 a ] - by;

hustota premavky medzi budovami i a j - a;;

minimalizovat’ celkovl prejdent vzdialenost’ za urcite obdobie
(podobne napriklad rozmiestnenie ambulancii v nemocnici)

RozloZenie klaves na klavesnici
- n klaves (symbolov)
- Cas potrebny na stlacenie klavesy na pozicii I po stlaceni klavesy na pozicii |
- by
- frekvencia vyskytu parov symbolov 1 a | - a;;
- minimalizovat’ ¢as potrebny na napisanie textu

RozloZenie monitorov (prvkov) na kontrolnom paneli
- n monitorov (prvkov)
- minimalizovat’ tinavu o¢i pri kontrole



{ Konkrétny priklad 1

C.E. Nugent, T.E. Vollmann and J. Ruml — 1968
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{ Paralelné algoritmy 1

Taillard: Robust taboo search for the quadratic assignment problem
. Qddelené a nezavislé TS s roznymi zaCiatoCnymi rieSeniami
* Ziadna vymena informacii medzi vlaknami
* NajlepSie riesenie vybrané na zaver spomedzi vSetkych
Talbi, Hafidi, Geib: Parallel adaptive tabu search for large optimization problems

* Rovnako ako v predchadzajicom pripade, ale kazda inStancia pracuje s inymi
parametrami
* Pouzita spoloCna pamat’ drziaca priebeZzne najlepSie globalne rieSenie
De Falco, Del Balio: Improving search by incorporating evolution principles in
parallel tabu search
» Kooperativny TS (podstatny rozdiel oproti predoslym)
e Pravidelne sa vyhodnocuje doposial’ najlepSie najdené ries. a Cast’ procesov
nahradi svoje najdené rieSenie tymto najlepsim
Talbi, Bachelet: A parallel cooperative metaheuristic

 Kombinacia TS a GA — na jednotlivych procesoch samostatny TS — najdené
rieSenia sa prenasaju do spolo¢nej pamaite a tam s nimi pracuje GA

e ZabezpecCena dostatocna roznorodost’ populacie GA a zaroven aj vysoka kvalita
jedincov
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Paralelné algoritmy 1

Battiti, Tecchiolli: Parallel based search for combinatorial optimization
e Samostatny GA

* Populacia rozdelena na subpopulacie — evolucia kazdej na samostatnom CPU
* Obcasna vymena informacii — najlepSich rieSeni

Tang, Lim, Ong, Er: Parallel Memetic Algorithm with Selective Local Search for
Large Scale Quadratic Assignment Problems
* Pokrocilejsi hybridny GA — ostrovny model paralelného memetického alg. s LS
» Kazdy jedinec disponuje vlastnou paméat'ou — LS
* Paralelny beh niekol’kych evolucii, vymena najlepSich jedincov

Talbi, Roux, Fonlupt, Robillard: Parallel Ant Colonies for Combinatorial
Optimization Problems
* Synchronny master/workers model
* Master drzi centralnu pamat’, cez ktoru prebieha komunikacia; v pamati je
pheromone matrix a najlepSie najdené rieSenie
* Na staniciach workers prebiecha hl'adanie na zaklade ACO a LS s TS — stanica
obdrzi pher. matrix, skonsStruuje riesSenie, aplikuje LS s TS a posle na master
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i Vysledky hladania 1 e rie: -

» Silna zavislost’ na rieSenom probléme (vstupnych tdajoch) pri rovnakom n
* Hodnotenie a porovnavanie rieSeni =~ O(nz)
* Nevyuzivanie znalosti — neinformované prehl'adavanie okolia rieSenia
* Prehladavanie vedené vyluéne metaheuristikami
e Zlyhavanie pri n > 200 (velkost priestoru >200!)

fAD > f£AT) ?

n o n
z z (a”i'”jbif - aﬂ'i,n’jbif) >0 ?
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‘ Navrh algoritmu 1 nie ri

o

Znalosti:
M= {1,2,34}):
0 1 0 5 7 10
_[1 0 _[5 0 4
s 2> ) B=l7 4 o @
4 2 5 0 10 3 12 0

Im=1{1,2,3,4}; f(II) = 140
M, = {2,1,3,4}; f(1;,) = 123

My, = {1,4,3,2}; f(,,) = 101

Im=1{1,43,2}:
0 4 3 1 0O 5 7 10
|4 0 5 2 _| 5 0 4 3
N 3 5 0 2 SaS 7 4 0 12
1 2 2 0 10 3 12 O



‘ Navrh algoritmu 1 nie ri
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Znalosti:
M= {1,4,3,2}:
0 4 g 05 7 10
_[4 0 _[5 0 4
G = O B=17 4 o @
i 2 0 10 3 12 0
M= {1,4,3,2}; f(I1) = 101
M, 5 = {3,4,1,2}; f(1,5) = 100
0 5 3 2 05 7 10
_[5 0 4 2 _[5 0 4 3
A4=13 4 0 1 B=17 4 o 12
2 2 10 10 3 12 0



( Navrh algoritmu

Znalosti:
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Vymena prvkov na poziciach v permutacii — zmena matice:

n=4
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Vymena prvkov na poziciach v permutacii — zmena matice:

n=>5
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Algoritmus I -

al Search with Simulated Annealing Elements (LSS
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Local Search with Simulated Annealing Elements (LSSA)

I, =|7|5|1|6|0|4]|9|2|3]8

Y1 Y2 Y3 .- Yn

n n
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Simulated annealing elements
I1; I

AEIREAR AR AR AR AR AR AR 4|28 3 7|0 8|6|5

ak (1) <2(l}) - [y =T}
ak z(IT*) > z(Ill;) - II;;; = II; s pravdepodobnostou P;

P;:  akv (i — 1) -vej iteracii: I1; =I1;_;:
Pi — Pl* — eA,
Inak (ak IT;_; = II;):
Prx

P = — ‘ :
" Y (c—P)+P;

kde 4 z(Il;) — z(11y) 0,999 ,ak P’ < 0,999

A a =
0,003.z(11}) - (k 1) : S(L+P)) ,akP] 20,999




Algoritmus I } e

Simulated annealing elements
¢im dlhsie nevieme najst lepsie I1, tym vyssia P
¢im horsie [1* st skimané, tym nizsia P
¢im nizsia hodnota k, tym niZsia P — hodnota k sa postupne znizuje

Pi:

akv (i — 1) —vej iterdcii: I1; = I1;_;:

P, = P’ = e4,

Inak (ak IT;_; = II;):

kde y4h—

P, = F
- c/=Y(c—P)+ P}’

z(Iy) — z(I1;) 0,999 ,akP; < 0,999
0,003. z(I1}) - (k_l) -

1
S@A+P) ,akP 20,999



Algoritmus I

Simulated annealing elements
« ¢im dlhsie nevieme ndjst lepsie II, tym vyssia P
* ¢im horsie [T* st skimané, tym niZsia P
* ¢fm nizsia hodnota k, tym niZsia P - hodnota k sa postupne znizZuje
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Vysledky hladania

—

-

LSSA [mama] 2010| [ahuja] 2000 | [ghand] 2010 |[talbi01] 2001| [wu] 2008 |[tang] 2006| [james] 2009 | [tsu] 2008 |[mis] 2003

Problém| n BKS

APD Time | APD Time |[APD Time |APD Time | APD Time | APD Time |APD Time | APD Time | APD Time |APD Time
kra30a | 30 88900 0 017 - = 0 150,7 - = - = 0,29 | - = - = 0 2,84 1245 0,77
kra30b | 30 91420 0 0,27 - = 0 1653 - - - = 0,34 | - = - - 0 282|114 0,77
nug20 |20 2570 0 1,45 - = 0 48,9 0 6,21 - = - = - = - = - = - =
nug30 |30 6124 0 1,94 - - 10,07 1771 - = 0 83 0 036 | - = 0 11 - - 10,85 0,77
tho40 |40 240516 0 1,13 - = 0,2 4791 - - - - 10,041 198 | - - - - - - (1,18 1,74
tho50 | 50 8133398} 0,05 2,4 - = - = - = - = - - (0,12 3123,6| - = - = - =
sko42 |42 15812 0 2,1 - = 0 5031 - = - = 0 1,57 | - = 0 52,2 - - 10,61 1,96
sko49 |49 23386 0,006 3,9 - - 10,21 626,1 - - - - 10,038 3,78 | - - 0 1109 (0,024 12,84 (0,57 3,02
sko56 |56 34458 0 5,2 - - 10,02 1488 (0,144 522,73 - = 0 736 | - = 0 2099 - - (0,57 4,41
sko64 | 64 48498 0 9,4 - - 10,17 1894,1| - - 0,001 974 0 1211 - - 0 4296 |0,005 28,13|0,5 6,47
sko72 | 72 66256 0,002 15,45] - - 0,27 2539 (0,188 1304,26 - - 0,042 35,39 | - = 0 695 - - /0,55 9,07
sko81 |81 90998 0,009 24,12 - = 0,2 5482,1|0,07 2004,03|0,048 2041 |0,067 57,28 | - = 0 1212,5|0,044 58,79|0,43 12,8
sko90 | 90 115534 ]0,013 34,6 - - 10,27 6348,9 | - - - - 10,073 102,5| - - 0 1935,3|0,05 80,98|0,44 17,3
sko100a|100 152002 10,011 42,4 |0,785 - 0,19 8304,1 (0,099 4211,41| O 8220 (0,051 174,13{0,06 283,2| 0 30424| - - 10,36 23,6
sko100b|100 153890 0,005 45,18 |0,151 - 10,14 7364,7 | - - 0 8360 (0,039 165,5 (0,04 823 0 30914| - - 10,35 23,6
sko100c|100 147862 10,006 41,6 {1,063 - (0,01 10157,1| - - 0 8220 |0,015 158,54{0,01 531,6| 0 3154,4| - - 10,34 23,4
sko100d|100 149576 10,019 39,4511,531 - (0,17 10151,1| - = 0,001 12060|0,022 184,41(0,07 312,6 | O 3091,9| - - 10,43 23,6
sko100e|100 149150 10,007 44,6 |0,799 - |0,23 10563,5| - - 0 - 0,03 167,31|0,01 512,5| O 30856| - - 10,45 23,6
sko100f|100 149036 10,011 43,31|0,896 - 10,19 10739,5| - = - - 0,017 170,88/0,08 872,110,003 3096,4| - - 10,47 23,6
BKS (best known solution) - najlepsie zname rieSenie
APD (average percentual deviation) - priemer. perc. odch. od BKS -> APD = 100 - CB—II;KS

C - hodnota najdeného riesenia; Time — kumulovalny ¢as CPU



Vysledky hladania

Problém

tai20a
tai25a
tai30a
tai35a
tai40a
tai50a
tai60a
tai80a
tai100a
tai20b
tai25b
tai30b
tai35b
tai40b
tai50b
tai60b
tai80b
tai100b
tai150b
tai256c¢
wil50
wil100

] o LSSA [”;gToa] [ahuja] 2000 | [ghand] 2010 |[talbi01] 2001| [wu] 2008 |[tang] 2006| [james] 2009 | [tsu] 2008 |[mis] 2003
APD Time | APD Time[APD Time |APD Time | APD Time | APD Time |[APD Time | APD Time | APD Time |APD Time
20 703482 o 112l 0 - | - - - - o 2 |- - |- - lo 15 |- - |- -
25 1167256 | 0 414 - - | - - - - lo73 s0o | - - |- - |l o 52| - - (232047
30 1818146 | 0 694 1,862 - | - - |o68 7264|0018 8 | - - |- - | o 106 | - - |223078
35 2422002 | 0 1141 - - | - - - - lo21s 15| - - | - - | o 202| - - (237121
40 3139370 |0,004 19,812,237 - | - - |1,349 2332 |0442 224 | - - | - - |0148 37,7 (0,495 6,81 |2,45 1,76
50 4941410 |0,331 42,16[2,218 - | - - |1,803 462580781 467 | - - | - - |044 1046 (0,738 13,35|2,6 3,31
60 7208572 [0,349 76,452,207 - | - - |1,93 94861/0919 80 | - - | - - |0476 2651 |0,881 232 2,56 5,6
80 13557864 0,418 134,34)2,673 - | - - |1,487 1242,47|0,663 2045| - - | - - |057 9479 |0,547 57 |1,96 12,9
100 21125314 |0,218243,91f1,375 - | - - - - |o278 8340| - - [1,13 582,9(0,558 2608,7 | - - |[1,82 246
20 122455319 0 o6 | - - | - - - - o 27 |- - |- -1lo 17 |- - |- -
25 344355646 0 1,74 - - | - - loss2 1942 0 s0 | - - |- - |0 63 |- - |- -
30 637127113} 0 29| - - | - - |4,374 674 0 90 | - - |- - | o 138 |- - |- -
35 2833154450 0 s4 | - - | - - |1,203 5334 00408 147 | - - |- - | o 259 | - - |- -
40 637250948 |0,024 948 | - - | - - - - |osea 220 | - - |- - | o 483 |0 671|- -
50 458821517} 0 1751 - - | - - - - lo2531 480 | - - |- - | o 1381| - - |- -
60 608215054 |0,006 3566 - - | - - - - lo2752 855 | - - | - - | @ 305 |00012317| - -
80 818415043 lo,051 83,49] - - | - - lo,717 1147,28/0,7185 2073 | - - | - - | 0 11063 (0,208 56,13| - -
100 1185996137]0,004 188,47 - - | - - - - - - - - | 0 2207[0,001 24038 |0,055114,89 - -
150 498896643 |0,052 398,08} 0,67 - | - - - - - - - - | - - loo76732988 - - | - -
256 44759294 0,067 442,13} 0,56 - | - - - - |o085 44460 - - | - - |0136732988 - - | - -
50 48816 | 0 68| - - |0,07 1057,6 [0,068 336,72 | 0,008 441 [0,028 506 | - - | - - - - |02 319
100 273038 | 0 167,76] - - |0,18 10271,9 - - |o0,006 28680|0,041176,280,02 560,1| 0 3161,3| - - [0,22 23,6
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QAP-- hladanie ries.
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1 Algoritmus II ! :
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Hybrid parallel cooperative island model genetic algorithm (HyPa-CI1GA)

island 1 .
iIsland 5
ostrov 1
ostrov 5
GA
GA
iIsland 3
ostrov 3 island 4
GA ostrov 4
GA
island 2 _
—— island n
ostrov n
GA

GA




Algoritmus II

- (Al Ade
| Geneticky algoritmus

o~

Vygenerovanie uvodnej populacie — nahodné

2. Ohodnotenie, vyber rodi¢ov — pravdepodobnostny vyber — vac¢sie
udrZiavanie r6znorodosti populéacie

3. KriZenie — nahodné parovanie, PMX krizenie — prenesenie, resp. zachovanie

min. 60% genov

4. Mutacia — vymenna mutacia (P =0,01)

IR AR AR AR AR AR AR AR AR . >15n6940ﬂ73

5. Selekcia, vytvorenie novej populacie — elitisticka selekcia (rodicia +
potomkovia)
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Hybrid parallel cooperative island model genetic algorithm (HyPa-CI1GA)

island 1 _
iIsland 5
ostrov 1 —
GA O rock island
CS kamenngi ostrov
. s-LS
iIsland 3
ostrov 3 island 4
GA ostrov 4
GA
island 2 _
ostrov 2 island n
ostrov n
GA

GA




' Algoritmus II 1 er ad

s-LSSA

1. Nahodn¢ vygenerovanie uvodného priradenia

2. Preskumanie vhodnych existujicich umiestneni vo
vektore

3. Local serach (k-opt)

4. Princip simulovaneho Zihania

Lokalne hl'adanie — lokalna optimalizacia zaCiatoéneho
rieSenia



Algoritmus II
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Hybrid parallel cooperative island model genetic algorithm (HyPa-CI1GA)

island 1

iIsland 5
ostrov 1
ostrov 5 ]
GA rock island
GA K
amen

i’ostrov
s-L.S

iIsland 3

ostrov 3 island 4
GA

ostrov 4
GA

island 2

island n
ostrov 2

ostrov n
GA

GA
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Ostrovy — ulozné miesto

Ostrovy (GA):
* PriebeZne aktualizované informacie o generacii, najlepsich jedincoch,
konvergencii populacie, roznorodosti jedincov
* Roznorodost’ jedincov (entropia):

Q
E; =- z p; log(p;)
=

Q — pocet navzajom roznych jedincov v I-tej populécii;
Si1:Si2s -+, Sig - disjunktné mnoZiny navzajom réznych jedincov
1S4l
Pji =N
Kamenny ostrov (s-LSSA):
* Priebezne aktualizované informacie o pocte krokov LS a hodnotenti

aktualneho rieSenia

: N — vel'kost’ populécie



%
Algoritmus II adanie ri

i

Hybrid parallel cooperative island model genetic algorithm (HyPa-CI1GA)

island 1

ostrov 1

J
_/

iIsland 3

ostrov 3
™
GA
N A,

island 2

ostrov 2
™

GA

)

iIsland 5

ostrov 5

GA ()

rock island

kamensri
s-L.S

ostrov
™
N,

-

island 4

ostrov 4
™
GA
. J

island n

ostrov n

namornik

sailor




—
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Namornik
* Pravidelne kontroluje (loZné miesta na vSetkych ostrovoch vzdy v rovnakom
poradi
* Vyhodnocuje, uchovava a priebezne aktualizuje globéalne najlepSie najdené
rieSenia

» Kontroluje rozdiel r6znorodosti populacii na GA ostrovoch

» Zbiera rieSenia poskytnuté kamennym ostrovom a dodava ich na GA ostrovy
(zabezpecenie vyssej roznorodosti populacie a zaroven aplikacia LS do
hladania)

* Na kamenny ostrov dodava do nového lokalneho hl'adania najlepsie aktualne
globalne rieSenie najdené GA

* P poklese roznorodosti populacie na ostrovoch dodava do danej populacie
kvalitné rieSenia z inych ostrovov a z kamenne¢ho ostrova

* Rozhoduje o ukonceni algoritmu



»

1 =

Algoritmus II

—

Vyhody algoritmu

Kooperativny paralelny algoritmus — potencial najst’ kvalitné rieSenia

Hybridny algoritmus — evolicia zasobovana jedincami optimalizovanymi
pomocou LS s SA — nahodnost’ evolucie ovplyvitovana usmernenym hl'adanim

Asynchréonny paralelny algoritmus — jednotlivé procesy nie si navzajom
synchronizované — odpada potreba Cakat’ na ostatne procesy (uspora ¢asu)

Distribucia a analyza dat prostrednictvom externého procesu — data o
jednothivych evoluciach nevyhodnocuju jednotlivé procesy, ale externé vlidkno
(namornik) — uspora ¢asu jednotlivych procesov
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Vysledky hladania

i o HyPa-CIGA | LSSA [n;gToa] [ahuja] 2000 | [ghand] 2010 [t;';’é(il] [wu] 2008 |[tang] 2006/ [james] 2009 | [tsu] 2008 [zrg(i);]

APD Time |APD Time | APD Time|APD Time |[APD Time | APD Time|APD Time |APD Time | APD Time | APD Time |APD Time
kra3oa|30 ss900 | 0 04823 0 o017| - - |0 1507 | - - - - ]lo0 02|- - |- - | o 284245077
krasob|30 91420 | 0 07257 0 o027| - - |0 1653 | - - - - |lo o03]|- - |- - | o 282|114 077
nug20 {20 2570 | 0 41515 0 145| - - |0 489 |0 621 | - - | - - |- - |- - -
nug3o |30 6124 | 0 558718 0 194 - - 007 1771 | - - o 8|0 036|- - |0 11 |- - |085077
tho4o |40 240516 0 32472 0 113| - - |02 4791 | - - - - |o041 1,98 | - - | - - - - 1,18 1,74
thos0 | 50 8133398}0,03 6,9856}0,05 24 | - - | - - - - - - | - - |o1231236 - - -
sko42 |42 15812 | 0 57014 0 21| - - |0 5031 - - - - ]lo 157|- - |0 s522| - - |oe119
sko49 |49 23386 | 0 11,125)0,006 39 | - - [0,21 6261 | - - - - |0038 378| - - | 0 1109 |0,024 12,84 (0,57 3,02
skos6 |56 34458 | 0 15136 0 52 | - - |002 1488 [0,144 52273| - - | 0 736| - - | 0 2099| - - |057 441
sko64 |64 48498 | 0 26928 0 94 | - - |07 18941 - - |o001 974| 0 1211| - - | 0 4296 (0,005 28,13|0,5 6,47
sko72 |72 66256 | 0 41,233j0,002 1545| - - |0,27 2539 [0,188 130426 - - [0,0423539| - - | 0 695 | - - |055 9,07
sko81 |81 90998 | 0 69,347)0,009 24,12| - - |0,2 5482,1[0,07 2004,03/0,048 2041(0,067 57,28| - - | 0 1212,5/0,044 5879 (0,43 12,8
sko90 | 90 115534 |0,004 100,380,013 34,6 | - - [0,27 63489 - - - - |0073 1025 - - | 0 19353|0,05 80,98(0,44 17,3
sko100a|100 152002 |0,003 119,030,011 42,4 |0,785 - [0,19 8304,1 |0,099 4211,41| 0 8220(0,051174,13|0,06 283,2| O 3042,4| - - |0,36 23,6
sko100b|100 153890 | 0 129,13}0,005 45,18 |o,151 - |04 73647 | - - 0 8360[0,039 1655(0,04 823 | 0 3091,4| - - [0,35 236
sko100c|100 147862 0,001 115,46[0,006 41,6 [1,063 - |0,01 10157,1| - - 0 8220(0,015158,54/0,01 531,6| 0 31544 - - 0,34 23,4
sko100d|100 149576 |0,003 111,910,019 39,451,531 - (0,17 10151,1| - - {0,001 12006 0,022184,41/0,07 312,6| 0 3091,9| - - |03 23,6
sko100e{100 149150 |0,005 126,28}0,007 44,6 [0,799 - |0,23 10563,5| - - 0 - |003 167,310,001 5125 0 30856 - - |05 236
sko100f|100 149036 }0,007 120,85}0,011 43,31|0,896 - |0,29 10739,5| - - - - |0,017170,88/0,08 872,1[0,003 3096,4| - - |0,47 236
tai2oa |20 703482| 0 31502 0 112 0 - | - - - - o 26| - - |- - |lo 15| - - |- -
tai2sa | 25 11672560 0 11,422 0 414 - - | - - - - lo736 so0| - - |- - |0 52| - - [232047
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Vysledky hladania Q!
. ks HyPa-CIGA |  LSSA [“;gToa] [ghand] 2010 [tazlé’gil] [wu] 2008 |[tang] 2006| [james] 2009 | [tsu] 2008 [2"8:)5;
APD Time |APD Time [ APD Time| APD Time | APD Time |APD Time |APD Time | APD Time | APD Time |[APD Time
tai30a (30 1818146 | 0 20266 0 694 [1,462 - |068 7264|0018 87 | - - |- - | 0 106 - - (2,23 0,78
taidsa |35 2422002 | 0 3316| 0 1141| - - | - - lo215 15| - - |- - | o 2.2/ - - (2,37 1,21
taid0a |40 3139370 |0,018 57,342]0,094 19,81 [2,237 - 1,349 2332 |0442 224 | - - | - - |0,48 37,7 (0,495 6,81 |2,45 1,76
tai50a |50 4941410 [0,207 123,550,331 42,16 [2,218 - 1,803 462,580,781 467 | - - | - - |044 1046 (0,738 13,35 |2,6 3,31
tai60a |60 7208572 |0,084 215,740,349 76,45 [2,207 - |1,93 94861|0919 820 | - - | - - |0476 2651 0,881 232 |2,56 5,6
tai80a |80 13557864 |0,097 379,35)0,418 134,84[2,673 - 1,487 1242,47|0,663 2045| - - | - - |057 947,9 (0,547 57 |1,96 12,9
tai100a(100 21125314 |0,09 694,47)0,218 243,911,375 - | - - |o0278 8340| - - [1,13 582,9|0,558 2608,7| - - [1,82 24,6
tai2ob |20 122455319 | 0 16214 0 o6 | - - | - - o 27| - - |- - 1lo 17| - N
tai2sb |25 344355646 | 0 4746l 0 174 | - - los52 1942 0 s0 | - - |- - |0 63| - N
tai3ob (30 637117113 | 0 82643 0 296 | - - 1,374 2674 0 90 | - - |- - | 0o 138 - N B
tai3sb |35 283315445 | 0 1494 0 54 | - - [1,103 5334 00408 147 | - - |- - | 0 259 - N
taid0b |40 637250948 | 0 26433)0,024 948 | - - | - - lo4ea 240 - - |- - | o 483| 0 671|- -
tai50b |50 458821517 | @ 49299 0 1751 - - | - - lo2531 48| - - |- - | o 1381 - N
tai6Ob |60 608215054 | 0 101,77j0,006 3566 | - - | - - lo2752 855 | - - | - - | o 305 |0,001 2317 | - -
tai80b |80 818415043 0,011 237,750,051 8349 | - - 0,717 1147,28/0,7285 2073| - - | - - | 0 11063(0,208 56,13 | - -
tai100b (100 1185996137 0 519,82)0,004 18847 - - | - - - - | - - | 0 22070001 2403,8(0,055 114,89| - -
tai150b (150 498896643 0,002 1164,9)0,052 398,08[0,67 - | - - - - - - |- - loo7e 73298' - N
tai256¢c|256 44759294 0,031 1233,9)0,067 442,13|0,56 - | - - |o085 44460 - - | - - o136 73298' - N
wils0 |50 48816 o 1883 0 681 | - - |0,068 336,72 |0,008 441 0,028 506 | - - | - . - - |02 3,19
wilz00 |100 273038 | 0 47399 o 167,76] - - | - - | 0,006 28680|0,041 176,280,02 560,1| 0 3161,3| - - 0,22 23,6




QAP-- hladanie ries.
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QAP-- hladanie ries.
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QAP-- hladanie ries.

kvalita rieSenia - z(m)
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Analyza problému

alizovat’
2n-1

=1

Za podmienok:

2, Gm(i)u (Pa® = 1)+ 30 BuD - 1))

n
pad = ) Gjionss,  Vi=12,..2n—1,
j=1
n

pu = ) nojerionss,  Vi=12,.,2n—1,
j=1

drs €{01}, Vrs=12,..,n
_ (1, ak na pozicii riadku r a stlpci s lezi ddma
qrs =10, v ostatnych pripadoch

Vr=1,2,...,n

Q= (qrs)



Problém n-dam

Pocet dam (n) Cas hPadania




Dakujem za pozornost




