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O JEDNE MAPE NA ZAKAZKU
CAST 3: OBARVOVACI HRA

PAVEL STRIZ (CZ)

Abstrakt. Clanek predstavuje variantu obarvovaci hry v mapé/grafu. Barvy reprezen-
tuji cifry a ty se scitaji na hranicich a spolecnych bodech. Idea pochézi z teorému ctyr
barev a generovani zadani je principidlné stejné jako u sudoku. V pozadi se nejvic uziva
Python a Picat. V ¢lanku ¢tenar najde ukézky takové hry, ta neni pro osm a vic barev tak
jednoduché, jak by se mohlo zdat. A hra by byla jesté tézsi, kdyby se uzila fiktivni mapa
s pruseciky s mnoha oblastmi. Vétsina redlnych map ma hranici slozenou jen ze dvou ¢i
t¥1 oblasti. Je to vyzva to zkusit.

Klicova slova. Obarvovacka, Picat, Python, linedrni programovani.

ABOUT PREPARATION OF ONE MAP
PART 3: THE COLOURING GAME

Abstract. The article introduces a simple colouring game with graphs/maps using fig-
ures/sums in the areas and at the boundaries. The figures represent colours. The idea
came from the Four Colour Theorem and the generation of the game is similar to the su-
doku game generation. Python and Picat are the key programming languages. Samples of
the game are included in the paper, it’s not so easy to play when dealing with 84 colours.
It might be even harder when artificial graphs/maps would be used. Because most of the
real-world maps have common points consisting from either two or three regions only. It’s
a challenge!

Keywords. Colouring game, Picat, Python, ILP, BLP.

1. Uvaha na odlehéeni prvnich dvou c¢asti

Za sazbu by bylo poutavé mit hranici sousedu jinou barvou, napt. soucet barev
onéch sousedt. Pti experimentech jsem uvazoval tak, ze kdyz mam jeden kraj
napr. ¢ervenou barvou a druhy modrou, Ze jejich spole¢néd hranice by mohla byt
cervend+modra barva, tedy fialova. Ukazalo se to vsak jako nepraktické.

V teorii grafu lze mit hodnoty na uzlech, hranach ¢i uvnitt oblasti. Barvy jsem
mél ulozené v poli, které ma své ¢islovani od nuly. Mozné by se z toho dala udélat
vypocetni hra typu sudoku. Tedy z grafu se vSemi hodnotami a néjakymi vztahy
¢isla odebirat, dokud zbylé vztahy tvori jednoznacné feseni. Byla to myslenka pro
badatele. Nazna¢im zadani a fefeni takové hry. Cislo v kraji reprezentuje jednu
ze CtyT barev po obarveni. Sousedi nesmi mit stejnou barvu. Kazdy kraj ma jen
jednu barvu. Na hranicich dvou ¢i t¥i kraja jsou prislusné soucty reprezentujici
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michani barev. Jako kazda logicka hra, i zde je jen jedno feseni. Pro vyssi pocet
barev jsem pridal podminku, ze kazda barva musi byt zastoupena alespon jednou.

Pro potéseni hracské vasné predstavujeme nékolik zadani vedouci ke stejnému
feseni. Vzkaz pro hackery: Pokud navrstvite zadani na sebe, barvy témér vsech
kraju se ukazi samy.

Jsou to ukazky na vyzkouseni hratelnosti. Asi by se dalo experimentovat s riz-
nym poctem uzld, vztahli a poctem barev. Zde predstavuji vzorky pro 4, 8, 14
a plny pocet 22 barev. Rozsahlejsi vzorky jsou na konci ptispévku v pripojenych
prilohach P¥iloha A, P¥iloha B, Pfiloha C a P¥iloha D.

Vzorky obarvovaci hry pro 4 barvy (viz P¥iloha A)
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Vzorky obarvovaci hry pro 8 barev (viz Pfiloha B)

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |
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Vzorky obarvovaci hry pro 14 barev (viz Pf¥iloha C)

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |
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Vzorky obarvovaci hry pro 22 barev (viz Pf¥iloha D)
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V druhé ¢asti tohoto pentaptychu jsme se zamérili na vypocet poctu obarveni.
To se nam zde hodi, protoze je to nejuspornéjsi cesta, jak mit néjaké konkrétni
obarveni ulozené. Ale to plati i pro bridz, sachy apod.

2. Pozadi generovani

Jadro generovani bylo jiz naznaceno. Pres Python se generuje zdrojovy kod pro
program Picat. Jen si musime dat pozor, ze SAT a CP rychle nedohledaji model
bez Teseni. Také jejich FeSeni jsou systematicky usporadana, pokud chceme reseni
vice nahodné, je potfeba v Picatu uzit SMT ¢i MIP. Obraceny postup, tedy do
prazdné mapy pridavat vztahy dokud se nenajde model s jednim fesenim, to jsem
neuzival. Ale diky v¢asnému ukonéeni Picatu jiz pfi 2 feSenich je to mozné.

Novinka vuci ukazce je tato Cast, ta zajisti, ze kazda barva bude uzita alespon
jednou.

kolikbarev=4
for b in range(1,kolikbarev+1):
data=[]
for o in okresy:
data.append ("Xo"+str(o)+"b"+str(b))
kam.write("+".join(data)+" #>= 1,\n")
kam.write("\n")

Misto jednicky se miZeme snazit o rovnomérné rozlozeni, tfeba nasledujici
cestou:
mohu=math.floor (len(okresy) /kolikbarev)

[...]
kam.write("+".join(data)+" #>= "+str(mohu)+",\n")
[...]

Pro 22 kraju ¢i okresti a 4 barviach to znamend, ze kazda barva bude uzita
alespon pétkrat. U svych vzorka pouzivam jednicku.

V predchozi ukazce jsme si generovali jedno feSeni. To se uzije na pripravu
zadani hry. Touto cestou lze omezit pocet feseni na dvé. To znamend, ze pokud
se najde vic feseni nez jedno, nelze to povazovat za logickou hru.

kam.write("L=findall (Vypis,solve([$1limit(2)],Vypis)),\n")

kam.write("writeln(L).\n")

Nu, a jsme u pripravy zadani hry z feSeni. Podobné to realizuji u sudoku.
Vezmeme vsSechny vztahy, nyni jich je 87:

e 1448 krajii za CR a SR,
e 43 hranic dvou kraju, a,
e 22 mist, kde se spojuji tii kraje (vic nez tfi pro tuto mapu neexistuje).
Podminky byly jednoduché. Bud musi byt urcita barva v kraji, nebo soucet na
hranici jisté ¢islo, nebo soucet t¥i ¢isel reprezentujici barvu na spojnici t¥i kraju.
Zde jsou surové data, kdyby si nékdo chtél experiment tohoto typu zkusit na
vlastni ktzi.
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kraje={

0: {"name":"Hlavni mé&sto Praha", "sousedi": [1]},

1: {"name":"StfedoCesky kraj", "sousedi": [0,2,3,5,6,7,8,9]1},
2: {"name":"JihoCesky kraj", "sousedi":[1,3,9,10]},

3: {"name":"Plzeiiskj kraj", "sousedi":[1,2,4,5]},

4: {"name":"Karlovarsky kraj", "sousedi":[3,5]},

5: {"name":"Ustecky kraj", "sousedi":[1,3,4,6]},

6: {"name":"Liberecky kraj", "sousedi":[1,5,7]},

7: {"name":"Krdlovéhradecky kraj", "sousedi":[1,6,8]%},

8: {"name":"Pardubicky kraj", "sousedi":[1,7,9,10,11]1},

9: {"name":"Kraj Vyso&ina", "sousedi":[1,2,8,10]},

10: {"name":"Jihomoravsky kraj", "sousedi":[2,8,9,11,13,15,16]},
11: {"name":"Olomoucky kraj", "sousedi":[8,10,12,13]},

12: {"name":"Moravskoslezsky kraj", "sousedi":[11,13,18]},

13: {"name":"Zlinsky kraj", "sousedi":[10,11,12,16,18]%},
14: {"name":"Bratislavsky kraj", "sousedi":[15]},

15: {"name":"Trnavsky kraj", "sousedi":[10,14,16,17]1},

16: {"name":"Trenéinsky kraj", "sousedi":[10,13,15,17,18,19]},
17: {"name":"Nitransky kraj", "sousedi":[15,16,19]%},

18: {"name":"Zilinsky kraj", "sousedi":[12,13,16,19,20]},
19: {"name":"Banskobystricky kraj", "sousedi":[16,17,18,20,21]},
20: {"name":"PreSovsky kraj", "sousedi":[18,19,21]},
21: {"name":"Ko&icky kraj", "sousedi":[19,20]},
}

dvojice=[ [0,1], [1,21, [1,3], [1,5], [1,61, [1,7], [1,8], [1,9]1,
[2,3], [2,9]1, [2,101, [3,41, [3,5]1, [4,5], [5,6], [6,71, [7,8],
[8,91, 8,101, [8,11], [9,101, [10,11], [10,13], [10,15], [10,16],
[11,12], [11,13], [12,13], [12,18], [13,16], [13,18], [14,15],
[15,16], [15,17], [16,17], [16,18], [16,19], [17,19], [18,19],
[18,20], [19,20], [19,21], [20,21] ]

trojice=[ [1,8,91, [1,7,8]1, [1,6,71, [1,5,6]1, [1,3,5], [1,2,3],
[1,2,91, [2,9,10], [3,4,5], [8,9,101, [8,10,11], [10,15,16],
[10,13,16], [10,11,13], [11,12,13], [12,13,18], [13,16,18],
[15,16,17], [16,17,19], [16,18,19], [18,19,20], [19,20,21] 1]

Nechédm si je zamichat a pak se postupné jeden po druhém snazim odebrat.
Pokud Picat po odebrani najde jen jedno feseni, znamené to, ze takovy vztah lze
z ILP modelu odebrat. Pokud najde 2 feseni (technicky jich mize byt mnohem
vic, ale to nas netizi), tak takovou podminku odebrat nelze, musi v modelu ziistat.
Pokud chceme jednodussi ¢i stfedné tézkou variantu, ukonc¢ime prohledavani drive
nez po testu vsech 87 podminek. Pokud chceme co nejtézsi variantu, testujeme
co nejvic vztaht.

Vypis z cyklu vypada zhruba takto:

Generuji soubor pro Picat, polozka &. 1/87...: 1

Generuji soubor pro Picat, polozka &. 2/87...: 1

[...]

Generuji soubor pro Picat, poloZka &. 49/87...: 1
Generuji soubor pro Picat, poloZzka &. 50/87...: 2
Generuji soubor pro Picat, poloZka ¢&. 51/87...: 1
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Obrazek 1. Graficky ndhled postupného odebirdni podminek: na zac¢dtku, po 40, po 60
a po testu vsech 87 podminek
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[...]
Generuji soubor pro Picat, polozka &. 86/87...: 2
Generuji soubor pro Picat, poloZzka &. 87/87...: 2

Kde Picat vratil jedno feseni, podminku z ILP modelu jsem odebral. Pokud
vratil 2, tak jsem testovanou podminku ponechal. Na obrazku 1 je graficky na-
hled postupného odebirani podminek: na zacatku, po 40, po 60 a po testu vSech
87 podminek. X znaci, Ze se jednd o neznamou, o znaci oblast, u puvodnich test
okres.

Po testu vSech podminek zustalo v ILP modelu nésledujici. Z posledniho ob-
razku si rychle ptitadite. Sazba byla jednoduché: vypis soucty a vypln kraj barvou
jen v pripadé, je-li vztah soucasti ILP modelu.

Xo14 #= 1, ' Bratislavsky kraj.

Xo0 #= 3, % Hlavni mé&sto Praha.

Xo2 +Xo010 = 3, % JihoCesky + Jihomoravsky kraj.
X016+X010+Xo015 #= 6, % TrenCinsky + Jihomoravsky + Trnavsky kraj.
Xol7 #= 2, ) Nitransky kraj.

X020+Xo021 #= 3, ' PreSovsky + KoSicky kraj.

Xo8 +Xo7 #= 4, % Pardubicky + Kralovéhradecky kraj.
X016+X013 #= 5, Y, Trencinsky + Zlinsky kraj.

X019+X020 =4, % Banskobystricky + PreSovsky kraj.

Xo8 +Xol +X09 #= 6, % Pardubicky + Stfedolesky + Kraj Vysoclina.

3. Zavérem

Pokud se alesponi trochu vyrobné zadaif, mapa CR a SR by méla tvofit vistavu
na OSSConf a poté trvalejsi vyvéseni by mélo byt nékde v budové Zilinské uni-
verzity, na Fakulté fizeni a informatiky. Vzorky z této hry do velké mapy zaradim
téz, nékam, pokud a bude-li volné misto.

Kontaktni adresa

Ing. Pavel St¥i%, Ph.D., Nakladatelstvi Martin Sti{z, U Skol 940, Budovice, okres Vygkov,
68501, Cesk4 republika,
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Online zbornik prispevkov 13. medzinarodnej konferencie OSSConf 2025, 1.7-3.7 2025 Zilina
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Priloha A: Vzorky obarvovaci hry pro 4 barvy
[P¥ispévek P¥iloha B P¥iloha C P¥iloha D]
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Priloha B: Vzorky obarvovaci hry pro 8 barev
[P¥ispévek P¥iloha A P¥iloha C P¥iloha D]

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |
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1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |
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1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |
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1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |
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1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |

1 is red; 2 is green; 3 is cyan; 4 is yellow |

5 is gray; 6 is brown; 7 is orange; 8 is magenta |
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Priloha C: Vzorky obarvovaci hry pro 14 barev
[P¥ispévek P¥iloha A P¥iloha B P¥iloha D]

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |




xii

Konferencia OSSConf 2025 — online zbornik

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 s teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |
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1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 s teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |
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1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 s teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |
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1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is blue |

11 is lime; 12 is olive; 13 is purple; 14 is teal |

1 is red; 2 is green; 3 is cyan; 4 is yellow; 5 is gray |

6 is brown; 7 is orange; 8 is magenta; 9 is pink; 10 is bluc |

11 is lime; 12 is olive; 13 is purple; 14 is teal |
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Priloha D: Vzorky obarvovaci hry pro 22 barev
[P¥ispévek P¥iloha A P¥iloha B P¥iloha C]
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Upto 22 colors, numbers 1-22. |
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Upto 22 colors, numbers 1-22. |
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