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Application of Graph Theory in Chessi®blems
(Dual-free Leaperand Hoppertours)
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Tato publikace spedmdbdmnvag np :é decveys?tma mi ¢
gachiovdchl goritmy hl ed§8ngrafdtcta mvVT sbedkekl ¢
korekamerhdvi,chv Dlgamou abBPoll&nt &€htcekpdd
pSeskakuj2c2ch kamenT

This booklet examindseaper and Hopper tours with unique moweder and algorithms for
finding Hamiltonian paths in graphs. A consequence is a series of correct chess problen
the majority being absolute length records.

The first part of this booklet identifies an equivalence between Hamiltonian tours and ches
problems of a certain kind (seri@sovers in which the aim is to stalemate Black| by

capturing all his men), discusses the finding of such tours by computer, and presents|varic
numerical results. The second part examines some tours of the same kirttbppieis.

Most of the results arefabsoluté (proven optima), but some are identified as anly
Aprobabldi (best found to date and an improvement seems unlikely, but an exhaustive seal
has not been performed). The text is almost wholly in Czech, bdiatpams are self
explanatory.

Nejprve je tSeba vysvDtlit, j a k Bzv. Beydcowva mc
proclm@(mgjhta;toub tedyh ed8n2 cesty | ez(dtcaek onva®, g aact
vgechn pol e gachovnice a pjSéetopmédtmhamigdid
probl®m'[ kterT jde ale ta8hdi tmas pMmgneeigdk
do gachovlich %W oh. Z hlediska gachovich
jen jedno Segen2?, resp. toliKd a%e g&rB2 celsd
otevSen§8 nebo uzavSen§) vgak tuto podm?2r
takovou cestu odpov?2nhpjr2oc2t ®z avdl8 M2 nma Pl
jednoznal n® a mo §rplodet nSehgoe nn2a (ktoendcyo vc®e spto |
Jako gachovs8 YW oha je proto takovs§8 skl ad



Cel 8 problematika mhD vgak vel mi zauj al a
mogn® tyto rTzn® cesty (] ezdc etransferiovat mab e
takov® typy Yl gadkok oktedkig@ élhy va®b 9l ®lhy fil.

Jednou z mognljcsho ut r¥a sdsimyo tt iyapcus ® 1 imo ¢ Ta h @ ant
b2 |1 za Yk ol s®ri 2 tahT postupniD sestup at
vi ak®m mus?2 blt kamenyCelelwSsnhyl,e dj emajxd drign
jednoznaksfchlhkhakandTznl ch pgSacrib®odkdnn ac 2 s 83 an
Podobn@hkteu(sh dr an2 m VsgeacdstkyameaanmegnT t64pu

Druhou mognost 2 $HesiamdugZigll(sertescasg, y® ukt erdmn hs § es
tahT co nejrychleji gestabll sn&miuvA Gens®t yp or
k a me kapifola 3 Na str.59najdemegabulkunej del g2 ch cest podl
Ji m&¢§ n¥Wlsd h ASenepZugZieliby | a pdp E§rkar W 8§ c | loongesk ot
Shortest Leaper B#s(Games and Puzzles Journal 20/2001).

Kdyg ug jsem mbl pSlpravenT program na h
i cesty nejednoz(hgr;zx;durwc@S2 raedsp psrkiakaanle nzd e | ¢
ale pro kameny typu Locust jedn@zh n ® b T t mo h o u, protoge
mo g nZ8Kkloum8n2m i nejjedem znepj|Sidpredd NDc sktok an T

existuj2c2ch visledkT (ze kterlTch wvgak
asoul asn ®t ve mpil mislt i w ddso® e d k y

Tot ®3 pl atedy piSe spkraok uj 2 c Rde hvp Sk epraedMT , %I o h

vpodkapil2asin®ant jednoznal nost pHdkdampBdadoll &
je jednoznalnost naprosto z8sadn?2,.

Celkod byl o na z2sk8hb3 adgéte®@khiepiod SsideThodin
pol 2tal ov(&h o v ITlpacslutpTond Gjvgpgort 2t al64 sAMDj j §dr
procesorem zt oho byl o pSes 3300 hodin na cest)
kamenT.

Pro zobrazen?2 Segen? %W oh se osvDhDdlfielgend
ve for m§teu ptakxtju g obRokkllep SemBbibye e knhSBzgveyn
kamenT kvJlbepg(? srozumi tel nostiangi datakd.@ h
Fi gur kovou n optoauczie jpsreom oprotuogdrobxtno?g ek apnreon ye x
p S e h | Keildarotgsahuje celkem 28Di agr amTllg z| 2 9lhyp) 2taBildk. gr ¢

Moje podzZopame&ndSi sest awvov ZndhintBedglédy( k h € h
proved| korekturw Nt gnl kahn gl i ckhclchexnD pro mhN vy
prameny ze starTc)hPaa/regI|Kcakalne81kl3bklahsap|s]br
(kteiB2 pSeletli cel T text pSidgypiika o S enth T p
pSi pam? nk

Praha,zima 2008 jaro 2009 V8cl av Kot NDgov:«
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| . Cesty skokanT
|. Leaper tours

VysvDtl en? z §ikDeszriptiod af asigptermsm T

Skokan (Leaper)[x,y]ibodovl k&men, kterlT se na gact
t ak, ge se jeho souSadnice mRNn20yd.[denh
tahy zpoleoso Sa d nigyldsouvmé xi m§1l n2m pS2padhN na t N
[XotX,YotY], [Xo+X,YoY], [Xo-X,YotY], [Xo-X,Yo-V],
_ [XotyYorx, [XotY,YoX], [XoY,YotrX], [Xo-YYoX]
Skutelnl polet tatpB2miadd, bhje meAganeby
identick§ . Ve vgech pS2padech koncov® pol Bolte
mogni chdan@&hlo zpol e odpov2d§ stupni pS2sil
Nejzn8§mRj g2 m pS2padem s Kik(KnightisjLeapej[E2l)d e ¢ ,

Free Leaperi oznd en2 takov®ho skokana, kter ®mu
pole( | es kT ter m2rmPrme eX8izotr njoes)t ] sem pro zj
tabulky na str.23 sloupecfaccess fromal. t ¥ mt o sl oupci je pro
pol 2, kter§ | sb8 dmustpogarfSaciatvoi bodBot a |
pro d®Itkyp @jte.c hVi d2 me, ¢ge hogdmS tpao |6e3 IPat ceh
kr omRD vo)sewabdcenstr23vyskytuje pouze pro 5 ty

[0,1] = veZz (Wazi)

[1,2] =jezdec(Knight)

[1,4] =g i r(Gifafte)

[2,3] =zebra(Zebrg

[3,4] = antilopa(Antelopé
Toto nen2 §g8dnl objev, alRBRDswaon® an®dmfte
p2ge.JdissvhNkol i ka |1 8nc2ch AlTh®o Fiivee Eh ees
v| 2/1976nebo9/1980nebo vThe Games and Puzzles Journal 34/2004VT r az n N
redukuje/z a j 2 fisloka®y. Opravdiit NDc hstkookS5anT j e nej atrakt
hami |l tonovskl ckokanjese m Devpadsi@nmoip | nost .
Zhl edi ska teorie gra¥vichot %imdp op/@ldéSu phnl cesdt!
cestyvgrafuz e zvol en®ho (uczd@ jdeo joesd maa dnwrcchh8 Yl o

Hami |l tonovopehburtjestaekvence tahT s kokrdace a
takov8, ge skokan nevsttewpid ingr@addn®ep @l
Hamiltonian pathPr o vy branou mnoginu pol 2 nemus:
ur |l en?2, zda danTl gr af j e nebo neméu diatnd
postal uj2c?ewmadm2mkyoaivm] je dok8&8z8no,
kter§ nenpolSermgdmie§In2 m | asjedelJedwbdbgev s
vySegen2 kter® nemus?2 staakut ani des2tky


http://www.mayhematics.com/p/chessics_02.pdf
http://www.mayhematics.com/p/chessics_09.pdf
http://www.gpj.connectfree.co.uk/gpjp.htm

Uz av Sen &losedetsut)iaj e speci §l n2 pS2pad hamil't

mTge skokan skolit zpRt na pol 8telnz po
cesty jig neeapbdl| 2tg8&va&)T. sw tak&@® kcagt
(Hamiltonian circui).

Tento pS2pad je nejv2ce un8&mbem® t e ktl g@rv(

byyvposl edn2ch 200 | etech vDno/ey®ny deaddt K
zabTl v §kr & jeve?vcleeChroniolpgy of Knight's Tours
Ztabulkynastr23vi d2 me, e uzapSensS§vieghahoblbae
mogng8 pr8vhnN jen \ptr®t oj exhdicaes ta \‘eelwygricap®e |
gachovnice r.Tznlch rozmDrT

Jednoznal(dusfree @\ g seguence with uniquaoveorder) 1 j e speci 8§
nejzaj®h map& g?becn® hamiedhnozowas k® mceotSy ds
Prg8vihnD jedestyalmI® moapsvdOnvzal ¥y ®tko publ i kac
kvytvabBSerkfaebbvich Yproshv I tjjednZlin hSesgen?2 n

Program se ale palR uk zal hjl elkdd np o nij tealn

iuzavSenTlch) a nedalo mi to, abych®heowuvDl
I a d nichzsem potvrdil, \p S 2 Zebdyjeemd ok once nagel nov ®.
NejednozgallnRav&en® i otevSen®) se poda

typT skokanT (tonetg Zedra). @piéterjagdZDvbj yel dars avz 1t 0| rploc
t ®mNDS (st yajk®mk ou $2Npkaod Ti,k aspecil8| nMBdeezdadcev
pravdB@®@odagle jde t®) o hodnoty maxi m8Il n2)

s®riovot g @i ogerdestdipeet tstalemate-b 2 | T v
sebou url enl pol et tahT tak, ab
kdenj e pol et tahT.

In a series direct stalemate (sd=n) White playsmoves to reach a position where Black is in
stalemate.

ykons8 bez
y possdne dr

Z8kl adn?t @ @ img Bagic tarmg[from Graph theory

graf (graph)i j e struktur a,zI| §klcEda hNkit ie gs spoerdy T
hranami.

uzd (vertex)1T j e bod, ze kter®ho mohouj ivi®sri ht
Zhl edi ska gachov® pozice odpov2d§ kagdl
uzl T grafu odpov2d§ pD2dpadIlPod&c thas njisssé ma.
64 uzly.Vt ext u obl] as poug?2v 8§ (podie &ontextupry jednczaetd r
sam®

hrana(edge)ij e spojnice melzedidyWWamagach yv ®Zo ur
kamend@an®ho pol e.


http://www.ktn.freeuk.com/ca.htm

st up e Rdegier bfa vertex)j e pohet kt etro ovteod ouuz lzu. M
nul e, maxi m8l n2 hodno[t agrjae up o |=e tc &4 klowd | 2p
213|4(4/4|4|3|2

iggggggivgachov® terminplogii_odpov_2d§ st
al6s[8[8[s[6/4| zt ohot o pol e. P32ziplifeod jrekadze] e as tj e
416/8/8/1818/6/14/ (uzl ech) gachovmloa:neo ¥YiSd D medt ugper
giggggigpohybujZ mezi 2 ag 8.

213|4|4/4|4|3|2

Cesta v grafu (path in graph)i | e sekvence na s e bhtediskaa v .
gachocesehdbpomd 8T m sekvenc2m takkst $peci SI
Nej | atgpy degivgrafechjsoutytot Si :

N e | Kk rcesta @rafu(shortestpath) e nej krat g2 spojnice ve
nemus? proch8zet vgemi uzly gr af uzhledisad e z
gachov®ho odpov2d8 dostupnost.i dan®ho p
k§men mTgpold#&thedannaz ko VeS¢t apgdl ¢z v. S2dk
pS2pad i t Dchto gachovTlch graf'[ kde s
al goritmus hl ed§grafédl i meejSk rn2tPgdIr acdarstlqysjt?v _p o p
uvs8&§d2ml gak® WMI .

1231212223141121Tabulky url uj 2 nejpblealt\',ig‘ig‘lg‘igu

. 2 - n o \7/ —
sl6l70agoja]V9€Chna ostatn pol e gaghdntse.
6/5/101/12[3[8]7| antilopu (skokara [3,4]), tabulka vpravo pro jezdcez[3[2[3[4[3]4]5
7|8131121105/6] Vi d2 meDma ek amenTm j sou d3ax32dHHnig v
4[9]103[107[6[9] . h : 2|1]4[3]2[3[4]5
114]9(8|5|612 9@aChovni ce. 3[4[1]2(3[4[3]4
0/11/4[7]6][9]2]13 0[3[2[3]2[3]4]5

Eul er cesta\r8fu(Eulerianpathymu s 2 \pg ednaiami grafu,p Si | e mg Kk
hranu je mogno poug2t pouze | ednodup o(vtBzd 8y
nakresl en? tahemBedrrodweadmdum podm2nkou na ol
nen2 eujerogsekistupnhD vgech uzl T (s vyj?2
sudP®.kud m8 nav?2pcolc8tsetlan 2kmo nbloidtN,v | dEulerian e u
circuit) a taexistuevgr af u pr 8vn tehdy, pokud (Buteny pn
1736)Nal ezen?2 eul erovsk® cesthyejde sprao gpahd
tyto typy cest, pomRouRseevBhiaRkimalp Bag dank &

Hamilto n o v cektdy grafu (Hamiltonian pathymu s 2 p r o juzitgrafu,p &¢ h @ yn

kagdim uzlem je mogno proj2t pouze jedno
G8dn8 prakt ipokkynzZwnskegdma®bensg, zda graf l,je
neexi stuje. Nal ezen? hamiltonovs k®hlediskas t

gachov®h oSeogdgepalmvh%dvh ypor ot o tepntetyppcespn en &saj 2 ma
SamozSej mhD, Sada grafT nerSelydg meh® &low s &«

V2 ografechv i z nap S Te oM ik 6 Grapid thdery



http://cs.wikipedia.org/wiki/Teorie_graf%C5%AF
http://en.wikipedia.org/wiki/Graph_theory

PSevod ¢achov ®& Tmusibrmatien oflichesspsitianfinto graph

v2daj?2c?2 graf
i | arami j e o0zn

Hami |l t onovsk8 ceRetpaezentacepbbenzho gyat

pole | uzel [st u dost upng@

square| vertex| degree sorted adjacency list

al 1 2 218

c2 2 6 1|3[13[15]/19|21

el 3 2 2| 4

d3 4 5 3/5]9/[17]19

e5 5 2 4|6

c4 6 5 5|7 [11]13|21

a5 7 2 6| 8

b3 8 6 711]9/|11|15|17

c5 9 3 4181]10

ed 10 2 9|11

d2 11 4 |10/ 6812

bl 12 2 [11]13

a3 13 4 |12/ 62|14

b5 14 2 |13]15

d4 15 4 2 14| 8 |16

e2 16 2 |15]17
Je dojba@® 3ivgi mnout| ¢oh¥ .| de|4d8s1f|dH nP®
uzly jsouposidteS2aNN®¥ | 48 upZRTL7[19
smRrem od oef pigapgA.h P4 | 19 4 |2]18]4]20
metody Warnsdorff Vt omt o po Sadt2| 26 do u/19]21
pak ipr ob2r 8ny bhDhem [S&gledt2| 4 |89 (2114240 zn |
uryc hl 2 nal ezle@? (peyiru}d.l 1@% del [21

7



Ffegen2 gachov® ¥ ohy = Iybfed8n2
Solution of chess problem = searchirigr Hamiltonian path in graph

Nal ezen? nNNjak® hamiltonovsk® cesty zna
dus8l €d®g (j enejgmasntaulpmb grsT m pSehoXKeheé mern2ah
hamiltonoesk®utapgpeyeri stenci j i n® hamil't
pol e, konl 2c2j ima®msl2igh o vio)l pelihrm dPro®mnal ezen
nejednoznal n®ho sStegitem?2 $es@ain20 bwg ki ez @) 2 m:
Korektn2 Y%l oha = ¢é¢xistog djejoedivie&K.8 madpm8 & n o,

koncov® pole je jedin® moRon ®n al eczeesnt2a nniky
t Seba polklred Sow¥Sten® korektnosti je potSe
Proto je ohbwsdreelouril ed8dagnMNj g2 (| 9sSE phped§ r
toursi , rclosegtourd .

MT | program na hl ed 8gnr2a fhua npiol ut go? nva8w Sk agc ekct av
metoda (tzv. metoda pokusT a omyl T), k d-
vgrafu pol2?naje pol 88teln2m uzlem a zkoug
nast §v § tzv. zphRDtnl bRNh, kdy esedavrg®t 2moo
Pokud se t2mto zpTsobem dostane nhDjakou
projde vgemi uzly tak, aby g8omim p&ppad
do vistupn2ho souboru dudludlv@koméBo (poku
dal g2 Segen?z. Pokud takto probere vgechn
najde druh® Segen2, je % oha nekorekt n?
g8dn® Segen? neeggeélk] nBakhjpeni Wit omavs&$§ c



Rozlig2me teN nhRkolik pS2padT podle toho
Tato tabulkamT ge b Tt pro nDkoho,odkkdaozpsveaanemgtrb(
trochu m®nB sdroopzournu?euej§imi s e plo pSel Hea¥nide
t Seba pochopit pgcmtimlizacel\((kdgbajf/ﬂemne,leatsau
stupni 1) a jakFmjeoupiztd2? | p Wi b Sed g 2e
nejednoznadralul ch cest v
typ vst konc¢ smDr
grafu hl edé&sng postup pole proch
vistul . .
j ednoz opti mal| zn8m odkonce
zgener ( .
(v2zme, . A .
hamilto-ne]edn@ neSeg znsg§m |
obecnil ]l ednoz opti mal| zn8m odkonce
| ednoYr
(nemus testy q -
hami 1 tophejedno k_y_namlnemusod Z a
oncoyv zn§sgt

1)Poku
j e h

la) Kdy ¢

d j e
ami

hl ed§&8me

|l tonovskT

vstupem goeanfe rvoyvtSvn?S evnd e cnine? t moedg

a

j ednozn aloptiMalizace @sttyr,a Rmy e m
smDr em

tedyogekm&rum|byh

aoptimalizacingg Sed kasit® v®r @afol gr oc h § z 2 me

1b) Kdy ¢

2) Pokud je vstupemm bec nl(z e afyme b 8d ol
[ X hl ed8n2 m
| edno%r ov Ro Kklteehr ® earsothTo u

b1t

hl ed§8 me )
ajednoznaltmodto m$EBE pwadi

ne,j%ldnoznalbh®c cesfg g2 me,

h a mi), provedeons(ps &kd d

ok am
2a) Kd y ¢

vgdy
Gr af

2b) Kdy ¢

(g8 méy,
proch8z?2 me

gitn.

hl ed 8 me

hl ed &8 me

Pokud

gr af

neza ,j

2 m§.

o

jednoznal n®

ods t raRov§,nd2vnmammia|kTm
pS2padhD Segit,

protoge
ge

kopalo® ®n a

smBDr em

t om,

od

nejednoznal n®

nebybpt mmghiPapgiugAMNi bez

z

musz2gmrochg8zet

a | (&gtr kauf

smRrem od

nneezm88 nker o miN

pr.&kzdcemnlicmhe

c engjpryes ®r@ic i
gr af
t N mmdtakto:p o d m2 n k a mi

ge

C e dsttyr,a RmVEam
aoptimalizacing Sed kot ® v e piok @ § optichaizag il ko nc ov G
kter® bynhBemPDl pyhhgdopt umel i
koncov®ho

cesty,
ur | ov 8nBImo hkuo n o ust®rh @
pronegeéménazdaz ddl Sp§epad
u¥Yp$2 pad
pol §t el
pol 8tel n2ho

pol e

pol



Optimalizace odstraRov8&n2m hran, kt
Elimination of paths ifthe degree of some vertex falls below 2

Tuto optimalizac ( kt er ou

u bych nazval ADynmani &ikj®e nse
hl ed & nd2n oz neest.dl alv n

my g loenn poak ejde by w@ligin a k |

zTst al v grafu wuzel, krrtohutUtbyceeas\xlarydznre
ztedukovat pol et pro®dttag ambtbhdanopprosani2m o b |
hl ed8n2 v knih8ch i na i nternetu jsem ni

Sgdov3d!10

Pokud provwal2um A ado zuzl u B,
ostatn? btiuwmAsvyegdomkou t ®, od|l
N a obr §zththrany &G,uA-D, A-E (zd e viDtg
podobnl ch pragrzaoomTt ekaoB| ?pr ob?

ng8vazn® mognosti., kter® neved
MT | al goritmus d8l e t e sdklesj e
stupeR nNkt ®c ®h o m(zsl Tv ypjo2dmk2o u p
jde o koncovli wuzel, protoge t

tak stalo, cestaAB nen2! mogn§

Best optimalization during solvingf a move from A to B
would cause the degree of some other g&rto fall below 2,
that move is impossible.

Na obr 8zkuuzviyd2Gnea HKHez Tst 8o aj
L\f' uzlu D po roBPpuwpder2 uliraeyn Ape
¢ pol e D neant8kd®nsevw®zel( pDo knuedd C
L A bTt graf hamiltonovskT).
Tato optimalizace umogRujtg v
1 vgrafu a zr y dpnolvedikosti gprad dp amé d a
45 D gachovehg) chiyl o -m§s o3tdm®PR c [ dy |
sn2zgen?: stupRT uzl T C adal g
prTbNhu YSegenhpPDR&EtD mzI T mT
/ { podobn® jsak®abg| wuzel D. Jde
snigovsgn2 stupRT uzl T.
Opti malizace na pSedlasn® konc

Elimination of pathswhich reach the final square prematurely

D a | apttmalizace, ktamu j sem pougiilkdyp@heaBsbedaohdea
narazémelna ktlkohcopsd gtTnt pSed (tddpwwaas emnc e s tk
me n g 2 nedg je celkoviakpobet cezsht T giyaow) 2
vpS2padhDjechberd&8hAT ch censetj.edm®Biz n &llzeed € é uce:
| §stien@lNze pfolixyyiz,t kahey nezniSvuized ak @B c oSyt @ c
ukazuj?2, §ge tato optlimalizace zrychl?2 Se
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f egen? dpyonnaortick & @ cho pol@
Solvingwith an undetermined final square

TertopostuppougljemenngedhbecﬂﬂrpFnlkcuml koncov® p
PS2pad nezn§m®h(oktkenrn|com;@;bnl«nskjnpﬁ»lu@at| mal i z a
vp S2 phaldel¥nS j ed n o zceshll nd c Bedy mnamiechkol m bPhem
proch8zenPolguadfse toti gybdyocsht apnSii dzon §sm@&nu &
cestu eliminoval z dTvodu, ge by se n8§sl
zde,vp S2 paed Dby tento dzel epalpylohs€spnnNza p
(smhRrem od t®to Y%rovnh d§l e)u vlezdeepn$ta ckw Hpo:
odstavcis t 2 m, geakeu§lhkiomhwjv®nmMk pHeélpiad Alet 2gmet o
tahemdomlo dostej®s i t uace nedce¢edehT cBakud(ap$1|en2pm
bNDhu backttarha cwkri §itg2unm, mus2m vr §tS2tz nva kp %K20s
pole (na pS2znak, @¢ge nen2 zn§mo).

Pokudj ibyg dynamickyn Dj a k Tv Tk dunzaeg | en, ¢gnSedhH aueh T b T tPr
c h v Xkldiy koncov® pol e zns§gm, mo h u post upoc
vp S e d &dpiwle 2

Ve ~
2 A Po kud k oncjoevglt Nu zneelb y | si hojedinewn ,
Ayp Thj(dorrotv a vertex onceg  p o t eneds t8U pndl

uzINRpg.ravu vIi gesBb yrnotgl;nzllmtsagme Al

/]E D je od t®t o chv2le koncovIl m.

Testy ukazujtpmge gehlmadémekpél tomto po
hl edg8n? icZle & ma laesjip 56 ehS2PmdlBnhl j ednozn:
PSesto je to metoda mnohem efektivnDj g?2

11



Porovng§n2 | asT Segen ?2i Coaparigonof spleingtinmes pr o
Program | version options sd=21| sd=41 | sd=44 | sd=46
Alybadix | 2005 wC+ Os |[1m195 &* o0

Popeye 4.47 WeisserSchlagzwang 7s 00 0 oo
WinChloe| 2.0 | Captures blanches obligatoir 2 s 36s |[23h4m50h35m
VKsol 1.0 - 0s <1ls <1ls <1ls

*Solved 14 minutes as sd=20, estimated time for sd=44 i998Bthours(= 37 years) VKsol is(for this
type of chess problemore thanl @’ timesfaster than Alybadixand 16 times faster than WinChlbe

]
17=
8 1.Jd4xe6 1.Jddxc6t 1.Jd4xf3 1.Jd4xb3
1-8-20508168
7 18=
& 1.Jddxe6 1.Jddxcé 1.Jd4xf3 1.Jddxb3
1-0-40268627
s 19=
4 1.Jd4xe6 1. Jd4xc6 1.Jdd4xf3 1.Jd4xb3
3 1-8-73123776
20=
2z 1. Jd4xe
1-8- 86718166. Pruning to: 2-3-21679541
1 1.Jdd4xc6 1. xf
2-3-86683841. Pruning to: 3-3-21678960
A B o D E F G H 1.Jd4xb3
3-3-52829589
21=
1.Jd4xeé
WinChloe 2.00 - VKnoPub [ [=1E3)
File Edition Problems  Filters & Queries  Auxiliary Tables  Solution  Solving 7
Diagram & solution | Infos | Chessboard | List
FEEE. B [omommas v 6] 7)8) =) ™~
v 12:26:25
1.Cw &6 2.0x18 3.0x @6 4.Cxh8 5.0x17 6.0x g5 7.0xh3 =
m i m Q % m i m 2.Cxgl 9.0xf3 10.0x &1 11.0%d3 12.0% 85 13.0%pd [set play
i m m 14.Cxhé 15.0%e8 18.0x 16 17.0%E8 18.0xd6 19.Cx g8 st play only
20.Cxb6 21.C0xa% 22.0x¢7 23.0xd5 24.0x €3 25.0xdL [ ———
m i a @ q m i a 26.0%f2 27.0xh1 28.0% g3 29.0x 1 30.0xd2 31.0xb1 -
32.Cxa3 33.Cx ¢4 34.0xa5 35.0xb7 36.Cxd8 37.Cx¢6 0 2] refutation(s)
i i q i i 38.Cxb8 39.Cxa6 40.C% ¢S 41.Cxad 42.0x 3 43.Cxal [l varlations with threats
m m @3 i 44,0 ¢l 45.0xh3 48.Cxal=
i i m m % i i m [#]¥aristions without threats
4 4 4 —
44449444 -
Vielav KCTECOVEC mTmebfe:
sd=46 (1+46) C+ démoli:
Captures blanches ohligatoires (diral}
-
-+
4 coi -
432j432 \ﬁf State : Edit 1 solution(s) - Solving time : 50 h 35 min 24,031 s

1 solution(s) - Solving time : 50 h 35 min 24,031 s

** Solved 11 minutes as s2&,

estimated time for sd=46 is
1035000 hours (=118 years)!
Alybadix se |a$| Segen?
sd=46 Azadrhl A p
kolem20t®ho. t ahu
Odhadovanil | as p
byl pSeés 100 | et
(p Tvoodbrr2&sy ek nl m jpoza
kv Tl p S22 praahac® mu t i
Program Wi nChl oe
vhDtginu skl ade
pomal ej g 3dybadir ejg ;
pSekvapivhR na te
snar Tstaj2c?2m p
rychl ej gz neg A
PopeyeVi z obr 8zek v
** *Popeye jJsou n
nej sl abg? Jako
skladbul hodinu 22 minut | a s
pro sd=46 |je neo

VKsol( mTj speci 8§l n2 peogi @ mgyv gpESeSdzcehpopze?a nkka p
je bez wugivatjed s&I®d ov Fkar Bjt a Arnydn)hlliegrg®® ne g
100000 rychl ej g2 nHe@ewhnghltye o %l odnyu SvetgeS
SamozSeJmlﬁec;dblzoovanl program na pmopuze
mu s 2 bTt rychl ej g? neg uni ver z81 n?2 Seg
neol| ek #HVY alv n? z 8alt whmu srma§not nl pSevod na
dynami ck®ho sni,dpwiig? tst pSRT pumich§zen?2 g

12


http://alybadix.wippiespace.com/
http://sourceforge.net/project/showfiles.php?group_id=200122
http://winchloe.free.fr/

DvRetmdy prob2r8n2 vgech mogi
Two methods of selectq all possible positions

00000000

Method 1 0 00000 .10
00000000

Path ® 9000 @ Free

Generation 00000000 Squares
00000000
00000000
Co000000

Generovg&n2 mognich pozic

Abychom nagl: i rekordn?2 pozice s nejdel g:
cestami), je tSeba nejprve stanovit post
uv Ddami tp,robrat vgechny mognost.i rozm2st I
gachovni ci ] e mogn® | en na vel mi mal T

kastronomi ck®mu poltu mognost2 nen2 mogn

Vobou met o8h&ch kpreahb® rbud o up odu§gli dymetrozamis. 8 h ¢ e
vychg§nhoz ge pozice zrcam¢©y®aw0rﬂdetmd
nen2 t Seba je zbytmaldmd Ehjolsarante,

gachontmstcdl 2 vrodzsta hjue nt se\/str]anw*iﬂér—ﬂ N9 kr

vhranatTch z8vork8ch I\bazprlanea&:gadcmld?\éZ%
pouze tRNDchto 10 ze 64 pol2: al, bl/,
je mogn® na nhNjakou takovoah pa)tzolcenZSlxnaId

neboy, pS2padnhD otolen2m kolem hlavn2 diag:¢t

PSi bl i Ko2vI§in 2z | e vReachingthe targetfim above and below

Knal ezen?2 maxi m8ln2 cesty jestiSebtaalo®dechm
s jwmkoup S2 padu, kdy cesta zahrnuje vgechna
nemTge blt delg2), bude obt2gn® takov® |
toho lze ve vDtginnN pS2pad] pSeci jen d
ktomut o maxi mu budou pSibligovat ze dvou
vygeneruiemea s po R cjesd nmd Wil ikfy j evt u tcwg2d draus 2 me
dal §2 cestyt a)Jed &kjypdhad dolk§ d¢ me c dglepakned ®x
dmaxi m8l n2 @mgméntegta@arav® strany prozko
kombinatoraclhiudpoprowp2r at vgechny mogno
t ak op o,k hkieludRuzly grafy.

13



flpd et ko|Pofvol nT cjgpop kb mbiprraoc2vgechna mo g
2

% 192:;, polena gacrmiod@inc ih o{cﬁ‘fn_%%.t[ﬂeztb}

3 39711

4 595665 V tabulce jsou hodnotyk o mbi nac 2 pr o 6 ro mo

> 7028847/ fy o | nT c hozsphall 2a gMal Osoul asni c he §ponlin

? 52292’?82% takto prozkouma t mognd®tivoldml c8h po [ 2,

8 3872894697 dost §8v 8§ mekorede | kmielmi ar dy manI c h |

9 23667680815/ V9ak jegtnD mupso?|ntee mv ynmoSgsnolbciht p o

101 1278055250011 ( zr e d u k o v a mymethzacp lo tmgacvp S2 pad D g a

8i8r oven potlrtouj Yphoehlam2ekSe =10 .

Pokud prozkoum8&§mdvelecbohgpebydeasti gpak®p
pro hledanou mmamrvnosi§ | n2 d®I ku
m<nrfi fil
Cel kovhD tedy dost8v8me oboustrann® omeze
d<=m<=rfi fi 2

Nap$S.gipr@dfraife) na gachl8v njisceim 8nej @rdwne zSmeajje®
57.tahem gpakj sem dok8zal, ge neexistuje pozic
mNl a Segen2. Odtud vyplTvsg, g¢ge

57<=m<=64 571 2
tedymud bt

m =57
Zgrafu je vidnNDmogkamtbagjedhaj!livl
P
0 generwyaal? nat or
t h 8 n?2
S
e - ch
b oy W
n
I rns
|
a
3 | L%
d=>Mm m
d®l ka cestnyej del g?2
cesta
Je vidnNt, ge zlev,pokeddbsedseme amepopol§ |

gener ov 8wkémbimao ®oipct i maWaingderft 2 Zpr ava omezuj e
p o | e tkonibiaatoifickou metodou

14



Metodali Gener ovgn2 vpgogch mognlc
Method 1i Hamiltonian path generation

Met oda vytv§S2 nov® poz
novlichvizhdzkmu wuvuzlu po
pS2slugn®ho skokana. Pos
cestu ag do maxi m8§l nz.
Do dal ¢ ?2 Yar ovnlD pSech§:z
(pokud zm§3sd m&ejednoznalr
nNDktem®chz (v pS2padi,
jednoznal n® cesty).

Pr o p %2dpaodz ncad sntl c(hkt erT je nejzaj2mavhjg?

Platv¥RDU&boNgove®okudO@8)posl| edn? pexistijeotahna ¢

pol e sekvaekdeeg<pplo Jatd?2. nej de o c epxzp-b),pakket e r

Y2l onheak or.e k't n?2

DTkaz: KromhD cesty, kte :

1—>?—>é —>.p-1—>.p- | 3 g1 P

existuje jegthD i cest a p o

152—->¢é »>gl>qopo>plop2>6é —0—>0—>0—>0—0—>e—e [iy
> g+2-> g+l

cogvdcdl ej g2 Segen? H._%Hmomrm/

+ o
PSest o, ge | e akovs pozi ce nekor ekt n?z

t
obecnhD nutno pokralovat v ge v8n2z tat
I

ne
poziceg i nTm koncovim polemozdhal| hifer ®ho e g

Vn8sl eduj2c?2maznglrafazi, .\.3
0 dvhR rTzn® hamilto*—<> »—s/> 34
01432, takov§ gach dy

nekorektn?z, pSek1wol ¢q

dost 8v 8§ me k o rhamiltonavsdkou ¢
cestou 12345.

15



el i minovat s t2m, g¢ge

Kdy jde poz c i
% nekorek

[
t n?2
Pozici je mogno (bez ztr 8ty mo
¢ 1 - 1 Yaor ovnhD nepokralovat jen t e(hpdlyn@
e d®l ky odpov2daj?2c? akkotnul 82bcn?s t & |
‘/\. polip (st al 2 k tomu naj?2t jegtn |
NG jedno vgdy m&me) .

} Prvn? gr af divadz or®@o hsaanh bt ®nov sk
' a02 1 3, kter ® veel estcl m@knosni|zlj) vk ® (n.
; Nynz2, k dy g uzel 8ifd 8lmebnoaveoal zgubf, buddéu
)

vgechny takov® cesty ug nejedno

Z8vNDr je ten, ¢ge pSi pS2m®m generovsg§n2 p
a) pokud hled8me | ibovpah®vgechmrery epodizaa
b) pokud hled8mépakdnakoa®Pn@oriesey kde n
na tomtMuwsz2potla .bTt | ty, kter® jsou na
konl| 2 c?2 na Jin®m pol i), protoge na dal ¢
ukazuj2, gt takdal ¢35 e i@z (dsi P86 |F eilinoid). 7 5

5000000 +
. I Naps§s. pro j e
£ 000000 gachovéi gie &el
= ] pol et hamilton
£ 4000000 (z pole bl) v
£ l 825096996, z toho je pou
E 3000000 4 /‘ﬁ 762943804 jednozr
= (tj . j e n cedtaajg d 8
;2000000 \ jednoznal ng) .
2 Looooco Snar Tstaj?2c?m
E L\ s e tento pom
0 zvihDtguj e.

12345678 91011121314151617181920212223242526272829303132
== Duzl-free

= Al Number of moves

|l de8§l n2m c2lem je nalezen? cel kov®ho pol
| asovD n8rolnl, jednoduge z toho dTvoyu,
mognosti je m@gsiemnd Sedrho n@®Iga clheowlnAlligji a fé
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War nsdor ff Tv Warhsdodiéd saulé mu s

Pokudjec2 |l em nal ezen?2, vinhbgemaeDpakattept pgr ¢
(hodi nu, 10 Hhoaki® )h|agubedyads;e8 Mo mogni ch p
vistupy urlithR dostaneme, ale zdal eka t
44a95 ). Zd8&l otdbm mec GgenasdhNDl §me. Exi st uj
Warnsdoff Tv. anugor ikt er T viraznh ur yc h lvakpue

hloubkou. Na ¢ad® esevdostanéme @S2 padhR hl ed§n? j ed
okamgpt Dmhris obaM] d&§le! V pS2padh hl eds§
Yas pNDgnost. Postpyymyslellv eqeeglB23 H. C. Warnsdorff a publikoval ho
vknize ADe s R°ssel sprungs einfadihstbg wvrd pal
konstrukci cesty jezdce I bez pol 2tale.

Warnsdorff Tv al gor i t mko ld\aagglfjvg)dx)}ze Y
2 kter ®hde veej m®&nND mvam$.chnaesbr §zk
vcestlnD smDrem, kde | souVizte@®gbuka mec
dostupnTlcapltolaPzSIeTvoxd qachov®|a|cp)(82|oce
j ezdce na 18§ adhdv iSiedn i§ o theevb o uzavs
3 metodou nalezena prakticky okamg
vteSin nal ®zt Segehl0 (tv3et by cih maa c
poug2vg jegthN dopl Ruj2c?2 podm2nk:

pol etzun&w& ch cest, vybere se to pole, k
Nal ezen2? prvn2honlngeegetn?k nmeo ggnakec hvo vtn@ineldS | i
Je tSeba si gheouabDdomi pmoglaomwmEryc hivgec

knal e maxima) jen sedS2ve najdou Tdhouhp8ak S engTegne?:
komezovg8§n2 maxi ma z|l ewatodbpprawvbdn(echkombi

Zh|l edi ska teorie pravdhDpodobnost. m8§ t at
pravdhRDpodobnogtaf zda h&modndnovskl, je z
m8 vNDtg?2 pravaadPprodaorb npoos|tt egr ahfgasaf ul £2mi ¢ %
pravdhDpodobnnNjigeh kwede Dka mwirl8t novsk§. Ny |
jako dalkgtyl §stak hp@aploy edd mc as v Phap wlu ubee | 1
pougita pro dalg? | 8st jen jeHdoaohuvaha,
moct bilt pougity (protoge t2mto uzlem st

I

znNDhodgnejemeng?2 pol et, np§0/!aatnT\cc;hed1rramrlan,
zmeng?2 mpajam@n)p cadalbevoesn2 h a mbuddvadnnopAp EWp a d
ge bychom gl uzlem vDtg2ho stupni, kdy
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Metoda 271 Kombi nat or i c k §, pomoc?2 pr 8§
Method 2i Free squares

Metoda prgzdnitcthmpodé s@oj
........vvezme pInT~graf obsahuj 2c?
Q0O 00000 ® s takovluzIigFlaf Myn2z se

uzelpeva[ﬁJ omMBtice® z | T, k tgrafu §
........vgd/yylouszyto uzly odpov?2da
. .... .gachovnlc:l, pSes kter8 n:

nebude se zde br &tsul gB8ah
........sd% _DDI§ s e c_yklustlp:SEesvy\,b
........ ze vgech podvyj gmkbavmiol §t
........ (kter]l j e vgdy s ourlo8sn?22st
C0000000 ' ntheh:eIkpm{rl]zil.Na obrg&zku je k
Pokud je maxi m8l n2 d®l ka cesty bl ?2zko <c
met oda neajldeezlegn’? mmogn® cesty nebo dTkaz
pr8zdnlch pol Snae§mtapPlctmchbetem volnlc
viraznihD zvDtgtaulka, vi z pSedchoz?

Nej Ime pdS?2mkjd castiee z d c e naTeq,adxkﬂ@vmn@cine@deng
cesta d®l ku 32 tahT. PS2m® generovsg§gn?2 v
m

2

zabere i S pougit?2 vgech opt istapddpravdkdy?
j sou postuan prob2r8ny v gechapgyzab&r® mtomton a ¢
pS2padhN pouhTch 118 wne Sien 'k e@a c3h6o vpnoil c2e, 6N
ana 1 s8m stoj?, takge stalpolpir,obktadar Tvaghe

(335j =6545( nav2c pougisyntetnel d ead @m§ lon 2p o,|pekud jg e ¢
pol §tel n2 pole napbPaad®d gohgoeEhRcht eoy

b&al 2 kombi n a t(mssiblaliki@iltiesweth thisinyetholii ne v gechny
mus 2 m2((tt jSmeafingdestatgr af , kterT nen2?2 hamilt
Pro pofipovknBch?2 | s mmetpodiwi §iéner owt§ nms m gy &
vytvoSen§8§ pozice automaticky tu vlastnos
byla vytvoSena. MT¢gemohau peSeipsatdonvila tn ejkeod t.
koncovim palemv kagd®m pS2pdaldhdviStewE&hen
kombinatorickou metodou pr&8&zdnlch pol 2,
Segenz. Al goritmus hl edg8n? h ami Idtaoy®anv sgkr
vgechny mognost. a Segen? njdembBagkoaeking. To | e
V tomto pS2padhRD je ale mogn® jegthD pSec
nNDkolik jednoduchlTch testT, kter® nhDkter
Segen? hledat. Tady je nhRkolik takovTch
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Mo ¢ op@imalizace( j e d n o ¥r o vi Doede®el testsa hop-Hamiltonian graphs

V. pS2padh jednoznalnich post Ve
Na to mus?2 v®st pouze jedinS§8s g St
zuzuSdo uzlu EonPbau®2 hdlhe umesd : o S

(final square must be vertex with degree o) o p ol 8t « s e
takov8 podm2nka nevygaduj e.

Jak® pozice (grafy) mTarimg bkamgit Mu gl io
backtracki ng ®0Onelaveladstgto saéatgmagh wan still be Hamiltonian.

E,E optimali zpokudKmE pozice v2ce

So—c_«< pole, nemTge m2t Segen?2 (lze p
E Segen2). Z obr8zku je zSej m®, ¢

2

If two vertices have dege 1, the graph cannot be Hamiltonian

Al goritmus: cyklem pSes vgechn
stupeR 1. OznuaPaeu,tentmenpol Seba
Testy ukazuj 2acevgé otp& Fontdo pipomia | i1D
(uy is thenumber ofverticeswith degreel)

y uzly
g

gr a
s e raf e

opti mal iizpekadepozA&Nfinems§ ¢g§d

(j edngznkadmcRov® pol K§ y2c

< S jak 1 Segen? nébkoeje ne

o—<> pS2padT nast aoméep wovalhvzeéi

znich je vgak n e2knoerne?k t m @

EY 39 solubo ° _ zabl vat Tuto optimaliza

$olbo BT Puslikons hl ed&n2 jednoznalnlch po
znalehdmie mS@ padh

If a graph has no vertex with degree 1le tborresponding chess problem has multiple
solutions or is insoluble. If we are searching for dirak solutions, the current position|is
immediately eliminated. If we are searching for all solutions, we must retain it

Oba grafy na ob|crd§!~z§<tue!nr|32mhaq2uzk|rwmg3§dnT da
sice hamiltonovskl, ale m8 v2ce jak 1 Se
Tato optimalizace je jednourze j d T 1 ey It dy IgiB0CdnNg ie cHiOlpozi c

opti mal i Zapoked nADAgachovni ci exi st
¢ (vr 8§ mc i cesty), nenmdyeqg me axigtujeduoah a
—*—* * Stupmnilzoe (kter ®ho nevedolugy egrid nt@a k

vyloulit. VpitdmDelkido% poeic.c ve t Seba
poznametn2amt,o gsee nevyloul 2 vgechny nesouv
ze dvou vDRDtg2ch oddhRlenTch | &§st2). Obec
jedno%r ovRovTI ch test'[, takge takov® graf

A graph is &éminated if any vertex has degree zero
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opti mal ilzaecse ,Agfla barva kon

poltu tahT (v pS2 pamdMn?2s kloakr

P O<: '\o—.E pole) Opti mali zaci nejde poug
o X+y je sud® (nappS.otFejres tne bs

jen po pol2ch stejn® barvy

ag tak nevad?, protoge d2Kky

pohybovat pouze po polovilnZm mnogstv?2 g

viozumn®m | aakizabe. optim

Nap§. pro vgechny stkeoxk aun yvFrégxeeapea koazt i?a, | eme
|l ich® (je to podm2nka nutn8 proto, aby |
l ze pro nND twigédtopti malizaci p o

Zprincipu by mDIl Gpbkicyvybsa&autehoos$S0 je vgak tak
vpoSad?2, jak jsou zde utvedehy?lai Sayllao pleznkk, Jtpag
Yol 1t nnost ogepahybad kolatd e S

VpS2padnDhuzdveSemiddah je tato optimal i zdane r
pS2padhN je barva koncov®ho pole jednozn
danipm| tt@mcesta nemogn§. Speci 8l nnN odtud
uzavSen® cesty |jlonaba’d mSeavhechminai pHl e.
The colour of the final square must be correct for the defined length of path.

opti mal iizpaockeu dA 3nia AP’k EspaRl 3 uzl
hami |l tcarsctak remTJdestivexabtuoeat stuj e

o uzel, |l ze zjistit staticky cykl em
’ 22 2] Tout o optimali zac?2% godcoRio v\
zi2 2kl Zebrujetoal e @lgVi &40 o bkdepoele, ve
7 / gachovnicepneaj abasosb3?vca’t nhe
, lzrohT vdR2i kaatidi 2agramu mTg
. : .

“:/ \‘Z_bdokonce jegth). | tvrt8 hrana

2| T

A graph is eliminated if an vertex is linked to three or more vertices of
degree2. This elimination is very effective for thebfa.

S2tem tNDchto opt i méhasi 6% p © z pcpndsstp )j e do
z8visl § i ndl'otwmwmskBé%g)rgez)i.ta,sje t Dmi t o |
optimali zacaminewnyl gl arbeeba Segidkingénm. as ov ]

The tests in this section eliminate more than 80% of all positions, without the need for tim
consuming backtracking.

JegthN je mogn® doplnit zaj2mavl ¥daj t1TKk
kdybylonut no | ten Sthmgun 16% pazicbylo asi 7% ne Segi t el Wl c |
sal espoR 28t&egsesh?mia Oro IpePoziteer 8@aNgae th o
jsoumezt 2 m vel mi raritn?2,
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Kombinace oboumetodi vI s| edky
Combination of both methods results

Kombi nac2 tRchto dvou met b8 pboyntidr nnbo gsnn@ dme
nejednoznalrom®vgesthyny skokany. LasovDhD n§i
pouzecestazebry( [ 2, 3] sk@d kpnazkouym§d2oo i60v yh& i n
| a sHw.p ot ®@zJellis&(vizChessics 9/1980, ge mogn8 exi stuj

55, se nepotvrdilsat,out aBdgde®ITceecnds p®zg§ ceelso
rekordem absolutn2m, d&8le jig nepSekonat
PodaSil o se mi 5;1@ahO\pTSekekLazrajvjéeehnmmcmt
gachod8&li cNej del g2 53taakhoowss .c exsptldat jjede o r el
cesty 54 tahT dlouh® nej sounal pgac hs8Kvanki acni
pole) vTbec mogn® a ¢ge eexiQEuheexéstaj
cesta (ani otevSeng§), cog | s ennkombhiwatorckoa |
metodii zde pro O ag 8 volnTch pol 2,

V. p S2 padjhe dhnloezdn8anl{ind ec hk tceersitch j e pak2mg@rm
Yol ohy) Jsem kompletnD prozkoumal cestdy v
dod8. Nej v2 c ezebranasiu8kambibatoack metadap r o 10v @lgn T ¢ h

S i vy@lﬁemEZBOmodinpolztalov®ho | asu a visledk
sjednoznal nT nabpl stz s t &I ¥hodngty( oemal e k® e’
by teorBtmechklyyjegt pSefak&mng, vebmagmfi ot

o Jezdemad7inej del g2 nalezen§ jednoznaln§ c
e Jezdemad8inejdel g2 nal ezen 8®ljkeud n503z ntaal nT8. ¢
Naprozkoum8n2 vgech mognésUr? ibhyundagathal
vyl epgen2 kombinatorick® metody nhDj ak
pozice, kdeh a mi | t o n oneaxistge (jmak % tmae , ge exi stuj e
cestjezdcep | n® d®l ce 63 tahT a test, zda
cesty jednoznal n®, by byl mognl ji¢g st

Ve vgech tRDcht maS8popuSpipladretkholjiske npoimoenhepr mei oe
mognosti, ale viraznh sniguj?2 pravdhRpodobnost n
Prvn2 takovomemedadnonfhaoygmblchy IRasz2llvang met, kdda I
nebyl o mogn® prozkoumat v §e c hknoymbmogarcoes tpi.rMetodsens tc

nenagla g8§dng§ Segen?z, ale soulasnbD jsem i ov D]
neprobraly vgechny mognost i, ale jen |jl®jhadio pro n §
kagd® pol 8teln2 pole, tedy celkem 100 hodin pro
Nav2c jsemtpadwdiplS?mRhosgeddmswmiizmipdziesenymi ]
10 hodin pro kagd® ®olt&®tselunzb yp @l ae)al gPRIN ojmezen?2r

3 z vygenerovanich n8slednlch (arhstdoft Yzbl e m k
dTvod, protogefsmdatSéda Wa rgrethablryofvpaond® emopjonl® u mo g n
smRNDrem od nejmeng2ho. Tedy na zal 8tku se v kag:t
nebo 2 mognost.i at d. Omezen? t Dchto tahT naps§
pravdddmpodto, ge by tudy mohl a v ®st jercteys,t ak tae r ®e ¢j
pravdRDpodobn®.
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http://www.mayhematics.com/p/chessics_09.pdf

VpS2 kodnbi nat orjsé&m mak@dgxdaemiilaleovbmial o seaensd mi
postupu poga n ®m Swwdz 2 m odstavci, jsem vgak neomezoval
kagd® pozice. Pokud je n&8hoSndg gm&fj éydanad lerwdeiman o v
okamgitNDpSkdadDoneSegi grafl neeistyjechanmidtne vk &y cest a) ,

kompl etn? Segen? trvat i nNDkol i kbmzpaetno&xpesbduv
(kolem 0, 2 s), kterou kdyg~doba Segen2 pSekrol 2
hami |l tcestak®xistuje, je mlm programem n gistomz e n

neexistue aje (v omt o s mys|!l u) Zbytel n® Segenz dokon| ova

viozumn®m | ase v gechnlyegnmoly njoesa th& epardd apdpabma tu.g mD

vokamgi ku vyprgen?2 | asov®ho | imitu jedno Segen?

limit.

ltakby pro kompletn2 potvmne¢ud2lge) ¢seampypozppgth®e p
I

81,8 byl o poQ Sledta 9tSre®] d@®hpar ol ggseuden pol 2tal | as
jig dnes byl takovl pr &Kt z aShergniutje2lcn?T nnaappSS..  zsr
mimozens kT ch ci v, Ipalcd BETIY naglo napS. 1000 nad
sVT] stiop® poSiloasic8n®obnT mi n @m?itjackkaitogBe n a pdd .projeku

N-Queenss e zapoj i | oviapsohbdettiOpOrOo |ni=d226 asi | ey g §d & o,f Srivecsl 6

doba vipoltu S§eu p onDplBerglies kva §ac hvan®@®h op r B @ jiv g @Rtk
pravdd p 0 d o urkantj 2a k®rau i t azli evp( entue’zlbyvd ®1 ctea BTH) nedogl
by byloasipot vr zeno, ¢ge d®lbasobeardndh T pSedst avuj e

Jel i kog ani kombi nace vgech tDchto pop:
g8kl pozic s hamiltonovskadmua lcemnse mausir.23p o \
hvDzdisV&lokiou pravdDpoddenosthz zh@gppgenti ns§
bybyl o vel kT m pRS®&kdpmopkelndeghm, e jgge? 1a00ldt &to mdjee

visledky potvrd?2,

Lasy nenlyttz®@nR maxi m&8l n2phojegbhoan®| 8’
Elapsed time for selected leapers

board » | 515|616 | 717 8l 8
, method
Leaper time

. 1s|2m 1

[0.1]} Wazir 1s| 3m | 90h 2

0 0 0 3 1

11| Fers > =

. 4s | 3h 1

[1.2]| Knight 17s|>2000h | >100y | 2

11 7 1

[1,3]| Camel 0 0 S 37 m =

. 0 0| 5m 1

[1.4] | Graffe 6 s 1501 2

0| 0 | 44m 1

[2.3]| Zebra 2250h| 2

[3.4] | Antilope 0 0 0 8s 3
(v pS2padRokinipde nSledhary® t ®mMNS nul ov ®)
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Maximal number of moves for each tour and chesshoard

C

Maxi m8§l n2 d®l ky hskokamdloe skd Icihk @ ®tsit
Board/ O OK 2 sI4P4 5P5|6P6| 7F7 | 8F8 8F8

Leaper dual free tour open tour| closed tou|accessrom a1

skokan 2SRy21ylI 6|20GS@|dz I @ dostupnost
[0,1]| Wazir @ST N14|22|32| 44| 59 63 63 63
[0,2]| Dabbaba dababa | 2 | 6 | 6 | 14 | 14 15 15 15
[0,3] 21 2|2 6| 6 8 7 8
[0,4] 0O,2 2| 2| 2 3 3 3
[0,5] O,0|2| 2| 2 3 3 3
[0,6] O,0|,0)| 2] 2 3 3 3
[0,7] O,0, 0| 0] 2 3 3 3
[1,1]| Fers fers 6 |10| 15| 22 | 28 28 27 31
[1,2]] Knight jezdec | 11|21 |32|41*| 53* 63 63 63
[1,3]] Camel | velbloud | 4 | 10| 15| 19 | 28 31 31 31
[1,4]| Giraffe OANJ| 0| 14| 26| 45| 57 62 61 63
[1,5]] Ibis O, 0| 8|18 26 29 25 29
[1,6]|Flamingg flamingo| O | O | 0 | 22 | 42 44 43 47
[1.7] O,0| 0| 0] 12 13 13 13
[2,2]| Alfil alfil 1|12(2| 6| 6 6 5 7
[2,3]| Zebra zebra 2 114]129| 36 | 52 54 53 63
[2,4]| Lancer 0O 6|6 |11 11 14 13 15
[2,5]] Korsar O] 0| 4| 30| 48 49 45 59
[2,6] O,0,0| 4| 4 5 5 5
[2,7] O, 00| 0] 6 6 1 6
[3.3] 1|11(1] 2| 2 3 3 4
[3,4]| Antelope| antilopa | O | 2 | 4 | 22 | 53 54 53 63
[3,5] O, 0| 2| 6|12 13 13 13 (from c1
[3.6] O, 00| 6| 6 7 7 7
[3.7] O,0,0| 0| 4 4 1 4
[4,4] oO/1|1]|1 1 1 1 1
[4,5] O(0| 24| 6 6 1 6 (from c1
[4.6] O,0,0| 2| 2 2 1 2
[4,7] O,0, 0| 0] 2 2 1 2
[5,5] O,0 |11 1 1 1 1
[5,6] O,0|0| 2| 4 4 1 4 (from b1)|
[5.7] O, 00| 0] 2 2 1 2
[6.6] O,0|0|1 1 1 1 1
[6.7] O, 0,0 0] 2 2 1 2
[7.7] O, 00| 0] 1 1 1 1
*—ndbyly probr8ny vgechny mognostiDchabeppBeargdedf

3

o |l

g n ® [*c=eNwttalypossibilities have been tested, but maximality highly probable
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Leaper [0,1]

dual-free - 59 moves

Leaper [0, 1]

maximal - 63 moves

Leaper [0, 1]

closed - 63 moves

1516 17 18 22 23 24
e
8 9 5251 46 47 30 29
7 6 5354454431 32
4 5 565542 43 34 33
3 2 5758 41 40 35 36
01 59 393837

61 62 43 42 29 28 15 14
P
56 57 46 39 32 25 18 11
5554 47 38 33 24 19 10
5253 48 37 34 23 20 9
515049 36352221 8

012345567

5756 43 42 29 28 15 14
Fy
60 53 46 39 32 25 18 11
61 52 47 38 33 24 19 10
62 51 48 37 34 23 20 9
6350 49 36352221 8

01234567

1. Vv8cl av Ko

origingl
- CAC67ACA
-6 7AAB67AA
- 6 7 AAG6 7 A
-6 7AAB67AA
- A6 7AAG6T7A
-6 7AAB67AA
- A6 7AAG6TA
*@WMCB8CACS
sd=5¢ Waziral (1+59)
C+

Wazir

dual-free - 59 moves

12 13 16 17 42 43 46 47
11 14 15 18 41 44 45 48

% 8 21 22 39 38 51 52
5 4 2526 35 34 55 56
1 0293031 59

10 201940 5049
6 7 242336375453
2 3282732335857

—_

d
t
|

oOT o
-—m—
w o Q
-~ —w
o c o

N2 mu

T >ZZ

PN Y S Y e T Y N Vi

Aozonaebhg
nNa diageaknecl ¢ s | o

vez2ral8na
0O odpo

pol i cesty.

1.WA:b1l 2.WA:b2 3.WA:a2 4 WA:a3 5.WA:b3 6.WA:b4 7.WA:a4
8.WA:a5 9.WA:b5 10.WA:b6 11.WA:c6 12.WA:c7 13.WA:b7
14 WA:a7 15.WA:a8 16.WA:b8 17.WA:c8 18.WA:d8 19.WA:d7
20.WA:e7 21.WA:If7 22.WA:f8 23.WA:g8 24.WA:h8 2WA:h7

26.WA:g7 27.WA:g6 28.WA:h6 29.WA:h5 30.WA:g5 31.WA:g4
32.WA:h4 33.WA:h3 34.WA:g3 35.WA:g2 36.WA:h2 37.WA:hl
38.WA: g1 39.WA:fl 40.WA:f2 41.WA:e2 42.WA:e3 43.WA:f3
44 WA:f4 45.WA:e4d 46.WA:e5 47.WA:f5 48.WA:f6 49.WA:e6
50.WA:d6 51.WA:d5 52.WA:c5 53.WA4 54.WA:d4 55.WA:d3

56.WA:c3 57.WA:c2 58.WA:d2 59.WA:d1=

2.

<

w

o
o —
_.m
S <
wn

oOO~NO~N0N >
ENND>ND D> O Q

N
=

OB OO DO O
">I>I>I>P>O>OoO T
ONID>NI D> > O
TOoO>I>I>I>o>I>

[%2]
o
]
a1
M
O
=
—_
=
+
a1
<o)

@)
+

Ko

2.WA:a2 3.WA:b2
5.WA:a3 6.WA:a4
8.WA:b5 9.WA:a5
11.WA:a7 12.WA:a8
14 WA:b7 15.WA:c7
17.WA:d8 18.WA:d7
20.WA:c6 21.WA:.c5
23.WA:d4 24 WA:c4
26.WA:d3 27.WA:d2
28.WA:c2 29.WA:c1l 30.WA:d1
31.WA:el 32.WA:e2 33.WA2

34 WA:f3 35.WA:e3 36.WA:e4
37.WA:f4 38.WA:f5 39.WA:e5
40.WA:e6 41.WA:e7 42.\WA:e8

1.WA:al
4 WA:b3
7.WA:b4
10.WA:a6
13.WA:b8
16.WA:c8
19.WA:d6
22.WA:d5
25.WA:c3

43.WA:f8 44 WA:f7 45.WA:g7 46.WA:g8 47.WA:h8 48.WA:h7 49.WA:h6 50.WA:g6 51.WA:g5
52.WA:h5 53.WA:h4 54 WA:g4 55.WA:g3 56.WA:h3 57.WA:h2 58. WA:g2 59.WA:gl=
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3. Juha Saukkola
Springaren 1997

M
*

_ %
- M

Wazirs

Leaper [0, 1]

dual-free - 14 moves

14 109
DLl
1056

Leaper [0, 1]

dual-free - 44 moves

C C* 9 MC M
*

M* 9 MM*
O MM* 9 MI38.WA:d4 39.WA:d3
- C* 9MCMC* (44WAa3 45.WA:a2

% 2324 3435 36

21 20 25 26 33 32 37
O e e
47 8 1514 41 40

329101342

01 un 43/%

Celou problematji&«ut athodaldl adpa R
vdat abgzi WinChl ¢6®hg| boaha@®@idi2)n
Al ybadix ji nezvl 8§dne pSezkouge

sodstran2m WAh 1

spodm2nkou, ge

a Seg2m joi mT
k o n caokv ® ep bkl cer enkut sr¥

* *
M g MM 1.h:g7 2.g:h8WA 3.WA:g8 4.WA:f8 5.WA:f7 6.WAe7 7.WA:e8
MM?* 9 MIlswa:ds 9.WAd7 10.WA:c7 11.WA:c8 12.WA:b8 13.WA:b7

MM* 9 MI\ZOWACS 21.WA:d5 22.WA:d6 23.WA:e6 24.WA:e5 25.WA:f5

426.WA: f6 27.WA:g6 28.WAg5 29.WA:h5 30.WA:h4 31.WA:h3
32.WA:g3 33.WA:g4 34.WA:f4 35.WA:f3 36.WA:e3 37.WA:e4

O M
* 9
- * 9 MM* 9 MM ?*14WA:a7 15WA:a6 16.WA:a5 17.WA:b5 18 WA:b6 19.WA:c6
* 9
O M
*

40.WA:c3 41.WA:c4 42.WA:b4 43.WA:b3
46.WA:al 47.WA:b1l 48.WA:b2 49.WA:c2

*50.WA:cl 51.WA:d1 52.WA:d2 53.WA:e2 54.WA:el 55.WA:fl
sd=57 royal WA1 (1+58) 56.WA:f2 57.WA:g2=

N§sl eduj ? nejdel g?2 jednozna4 n®
5/5,d6ad1d7. Vge jJsou absolutn? rekc

Leaper [0, 1]

dual-free - 22 moves

R
%}%;%
‘n'n

N
<
w
©
<
o

=]
wn

EOT>I>NONO =X

N

OO >0 > O
FPNOD OO
©j>j>\lCD\l\l =0
JoO>P>NDD>
~FO~NO > > >0 -
>3~ >0 >
oD ~NDOoO

0
o
I
N
N
QD
N
=
Q
—~
H
+

@)
+

Leaper [0, 1]

dual-free - 32 moves

9 10 13 14 31 32
e,
4 5 181726 27
32 19202524
01 212223

1.WA:bl 2WA:Db2 3.WA:a2
4WA:a3 5WA:ad4 6.WA:Db4
7.WA:b3 8.WA:c3 9.WA:c2
10.WA:d2 11.WA:d1 12.WA:el
13.WA:e2 14.WA:e3 15.WA:d3
16.WA:d4 17.WA:c4 18.WA:c5
19.WA:b5 20.WA:b6 21.WA:a6
22.WA:a7 23.WA:b7 24.WA:c7
25.WA:c6 26.WA:d6 27.WA:d5
28.WA:e5 29.WA:e4 30.WA:f4
31.WA:f5 32.WA:f6 33.WA:eb6
34.WA:e7 35.WA:f7 36.WA:g7
37.WA:g6 38.WA:g5 39.WA: g4
40.WA:g3 41.WA:f3 42.WA:f2
43.WA:f144 WA:g1=

Cest8m vez?2ra tek@&l xatmBeapdlritisgéazir Wanderings(2007).
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Leaper [0, 2]

dual-free - 14 moves

Leaper [0, 2]

maximal- 15 moves

Leaper [0, 2]

closed - 15 moves

)’
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B e

% 3 4 /
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i B 5 5
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2 ///12/15

/ / /11%/10
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|0 7 s o

>
340
s
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///////{
y

|l o 15 14 13

Leaper [0, 3]

dual-free - 6 moves

Leaper [0, 3]

maximal - 8 moves

Leaper [0, 3]

closed -7 nmoves

.
%//j/j%j
%, //,/
e

A3
.y /

/
/ /
s v

B BT

%, 5 “wew W

= //////

}//// = ul'n
s B oEm

% / 1.,

R
 EsE W
"
o
W
i, e w

By
% / 1,

Leaper [0, 4]

dual-free - 2 moves

Leaper [0, 4]

maximal - 3 moves

Leaper [0, 4]

closed - 3 moves

T T BT T T BT T T
s B E BEEED BBESE
B E e e e
s s E E BB EE BEEBE B
S al e s nlnnnn
o m m e e EE Bl E D

Vi d2 met,onteo v( nezaj 2 mav ®m)

ponechal

pS2padhN jehomax® mEil agr
a uni fikaci



Leaper [0, 5 ]

dual-free - 2 moves

Leaper [0, 5 ]

maximal - 3 moves

Leaper [0, 5 ]

closed - 3 moves

)’
nry
5 s
///////
5y ]
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Leaper [0, 6 ]

dual-free - 2 moves

Leaper [0, 6 ]

maximal - 3 moves

Leaper [0, 6 ]

closed - 3 moves

T E T
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B BB

Leaper [0,7 ]

dual-free -2 moves

Leaper [0,7 ]

maximal - 3 moves

Leaper [0,7 ]

closed - 3 moves
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Leaper [1,1] Leaper [1,1] Leaper [1,1]

dual-free - 28 moves maximal - 28 moves closed - 27 moves

Trielal (B DB | [T
i s o2 »|fm % W@ || e s w o
15 13 11 23 || 23 25 15 | |5 = 23 13
14 12 10 24| |22 24 16 W || 4 24 122