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Prepoznavanje specijalnih klasa n-lavirinata
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Uvod

Izuavanje ponasanja automata u lavirintima poéinje 50-tih godina, u jednom od
radova K. Senona [10]. Od tog vremena pa do danas na ovu temu je objavljeno stotinjak
radova. Formalizovan je model Senona [6, 7]; za lavirint se razmatrala $ahovska tabla —
odgovarajuca konfiguracija kvadratiéa u ravni ili kocki u prostoru, a u sluCaju automata —
kona&ni automat koji posmatra okolinu kvadratiéa na kome se nalazi i moZe se kretati u
jednom od mogu¢ih koordinatnih smjerova. Nametnulo se i pitanje o postojanju automata
koji obilazi svaki ravanski lavirint. Na ovo pitanje dobijen je negativan odgovor. L.
Budah [4] je konstruisao 3ahovsku zamku, no dokaz je bio jako glomazan. A. S.
Podkolzin [17, 18] je znatno uprostio ovaj dokaz, dok je u radu [14] dat jo§ jednostavniji
dokaz na svega nekoliko stranica. Veliki broj rezultata je ukazivao na ograniGene
mogucnosti automata. No, uporedo se dobijaju primeri klasa lavirinata koje se mogu
obi¢i jednim automatom [1, 5, 6, 7, 12]. Dokazano je da se klasa lavirinata koja obuhvata
sve ravanske lavirinte koji imaju rupe ogranitenog dijametra, mogu obi¢i jednim
automatom [11].

Nemoguénost obilaska svih ravanskih lavirinata jednim automatom navela je na
jacanje modela automata. Uveden je pojam kolektiva automata. U [8, 9] je dokazano da
kolektiv od jednog automata i jednog kamena ne moZe obiéi sve konalne ravanske
mozaine lavirinte. Kolektiv koji se sastoji od jednog automata i dva kamena, kao i
kolektiv od dva automata rjeSava problem obilaska svih ravanskih lavirinata [2].

U posljednje vrijeme, veliku paZnju privlagi ispitivanje moguénosti automatne
analize slika, grafova, formalnih jezika i drugih diskretnih sistema. Osnovni pojmovi i
opis zadatka, razmatranog u ovom radu, dati su u prvom poglavlju. Problem razmatran u
ovom radu se sastoji u ispitivanju moguénosti prepoznavanja specijalnih klasa n-
lavirinata automatima.

Opis tih klasa je dat u drugom poglavlju. Klase su definisane analiti¢ki. Elementi
ovih beskona¢nih klasa su podskupovi skupa Z? koji predstavljaju mozaiéne lavirinte,
tzv. n-lavirinte. n-lavirint je svako preslikavanje ¢ : Z* — E2, (B2 ={1, 0}), takvo da je

skup P, = ¢'({1}) povezan skup. Rupa m-lavirinta je proizvoljna komponenta slabe

‘povezanosti skupa Z” \ P.. Te klase u geometrijskom smislu predstavljaju cifre.

U trecem poglavlju je pokazano da metrika ima veliki uticaj na moguénost
prepoznavanja lavirinata automatima. Dokazano je da postoji pravougaoni lavirint L za
koji ne postoji automat koji prepoznaje inicijalni lavirint L,, v € V(L). S druge strane, za
proizvoljan mozaicni lavirint postoji automat koji ga prepoznaje polazeéi iz proizvoljnog
¢vora tog lavirinta.

U Cetvrtom poglavlju razmatraju se klase koje predstavljaju brojeve 1, 2, 3, 5, 7,
tj. one klase &iji elementi ne sadrze rupu. Konstrukcijom odgovaraju¢ih automata,
dokazuje se da postoji automat koji ih prepoznaje.

Za preostale klase n-lavirinta (one koje predstavljaju cifre 0, 4, 6, 8, 9), dokazano
je da ne postoji automat koji ih prepoznaje. Ovim rezultatom je ukazano na ograniCene
moguénpsti automata u prepoznavanju lavirinata. Uvodedi ja&i model automata, kolektiv
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automata, dokazano je da postoji kolektiv tipa (1, 1) (kolektiv koji se sastoji od jednog
automata i jednog kamena) koji prepoznaje ove klase. .

U posljednjoj glavi je data sloZenost konstruisanih automata iz Setvrtog i petog
poglavlja. Kako je teSko izvriiti provjeru rada ovih automata, izvrSena je programska
realizacija konstruisanih automata. Programska realizacija koja "simulira" rad kolektiva
automata izvrSena je tako da promjenljiva u programu pamti tatku na kojoj j
“postavljen" automat kamen. Implementacija je izvr$ena na programskom jeziku C++.

Treba napomeniti da su svi rezultati dati u disertaciji orginalni. Sve teoreme i
leme, formulisane u disertaciji su rezultati autora disertacije.

Disertacija je nastala za vrijeme mog boravka na Moskovskom drfavnom
univerzitetu "M. V. Lomonosov", gdje sam radila pod rukovodstvom prof V. B.
Kudrjavceva, na katedri MATIS. Zahvaljujem prof. V. B. Kudrjavcevu na izabranoj temi.
Zahvaljujem prof. Goranu Kilibardi sa Katedre za matematiku Tehnoloskog fakulteta u
Beogradu, na pomodi koju mi je pruZio svojim brojhim ndu&nim radovima i stru&nim
savjetima koji su mi omogu¢ili da svoju disertaciju privedem kraju.
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’I/l ,,sel , 1 £1<n U slutaju n = 2 umjesto oznaka bazmh vektora1 j i vektora —i, -j

| Osnovni pojmovi i opis zadatka

Svi uvedeni pojmovi mogu se naéiu [17, 18] kaoiu[14, 16, 19].
Neka je X (aen, indeksirana familija skupova X, . Tada za svako o € I sa Flpq / 7,7/
oznacimo funkciju projekcije proizvoda l_[Xm na o-ti ¢lan proizvoda X,,. .
ael
Neka je L = (V, E) povezan orijentisan graf, bez petlji i viSestrukih grana, gdje je
V-skup €vorova i E-skup orijentisanih grana grafa L. Na dalje ¢emo sa(L(V)\/t(—]Ej

oznadavati skup p grana i ikup &vorova grafa L. 2.0 VL) 2
orvudina t A .
Graf L = (V, E) jé simetrian graf ako zajedno sa orijentisanom granom (vi,v,) (4 yoturr m}

sadrZi i orijentisanu gramu (v, v1), (i, v2) € E. Par < vy, v> = {(v5,"v1), (v1, v2)}
nazivamo granom grafa L. Tl W oo VL3 7
Nekasu Qi Z d1s1unktne azbuke slova o i g, pri ¢emu Q \ X sadrZi prazan
simbol A. Ako su svim &vorovima i orijentisanim granama grafa L = (V, E) pridruZene ./, 'i,,m.J-*{‘L
oznake iz tih azbuka, tako da su razli¢itim orijentisanim granama kQ]e su incidentne Lef- Dovictbk 7
istom ¢voru pridruZene razlifite oznake, takav oznalen graf L nazivamo lavirintom.
Oznake svih ¥ € V iy € E oznaimo, redom, sa |u| i |y|. Lavirint L sa izdvojenimi‘("' k),
¢vorovima vy, vi,..., V, nazivamo inicijalnim i oznafavamo sa L Yoy ili (L; v, w1,..., LF; ‘S’;{F ,
/ l;
41 1 1 1
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Va). OznaCimo sa @(Q %) klasu svih lavirir ata sa skupom oznaka &vorova Q i skupom
oznaka grana .

Neka je E*={e), e,..., e} skup baznih jedini(':nih vektora n-dimenzionalnog
Eukhdovog prostora R". Sa E° oznalimo skup { ey, es,.. - ey, -€a,..., -en}, gdje —€;= 1‘

“koristiéemo oznake e, n, w, s, redom. £=-F / ~
Lavirint L€ 6(Q, %), kOﬂeje simetrian graf, nazivamo n-dimenzionalnim lavirintom, e——¢=
n>2, ako: ¢ oL (Ll?&')éef
1) T=E"iQ={A}; i L
2) zasveu,ve V, akoje (u v) € E(L), tada je |(v, u)| = |(u, V). ;.*01 IS FLIES
Neka su M, N € R, M#N i MN = oue; + ages +...+ ape. Ka¥emo da duz MN ide u Peeqr
smjeru e;, ako je (:L,>010LJ 0, u smjeru —¢; akoje ;<0iy=0,zasvei#j, 1 <i<n,
1<j<n. Skup T duZ iz R" nazivamo n-konﬁguracijom ako svake dvije duZi iz tog skupa
mogu imati ne viSe od jedne zajednitke talke, pri Semu, ako ona postoji, tada je ona
krajnja t¢tka obje te duZi.
n-dimenzionalni lavirint L = (V, E), gdje je V ¢ R®, nazivamo n-dimenzionalnim
pravougaonim lavirintom, ako:
1) zasveu,veV akoje (u, v) € E tada duz uv ide u smjeru |(x, v)|;
2) skup dusi T = {wv| (4, v)e E} jeste n-konfiguracija.
n~dimenzionalni lavirint L, izomorfan nekom n-dimenzionalnom pravougaonom
lavirintu, naziva se kvazipravougaonim. M e @ ,-M} e



Neka je L n-dimenzionalni pravougaoni lavirint. Figura L = Uw u R bl by

nceltlor FCnder — nefin (u,v) €E(L) dodo da
nazivamo realizacijom n-dimenzionalnog pravougaonog lavirinta. (e fen
Neka je Z" cjelobrojna reSetka u R". Ako je V < Z° tada n-dimenzionalni olibe. "
pravougaoni lavirint L = (V, E) nazivamo n-dimenzionalni cjelobrojni lavirint a n- int e ave

dimenzionaln_i_ cjelobrojni lavirint L = (V, E) nazivamo n-dimenzionalni mozaié¢ni lavirin ”'“9“"?')" !
ako je T = {uv| (4, v)e E} — skup duZ duZine 1.

Za &vor ¥ n-dimenzionalnog mozainog lavirinta L kaZemo da je otvoren u L, ako (= L [ |
postoji beskona¢ni n-dimenzionalni mozai¢ni lavirint L, takav da L AL, = Pplive
V(L,). Ako je ¢vor v; otvoren u L, to n-dimenzionalni mozai¢ni lavirint LVM nazivamo

n-dimenzionalnim pravilnim lavirintom.

Kroz tatke skupa Z" povu€imo sve prave paralelne koordinatnim osama. Dobijena
figura jeste realizacija n-dimenzionalnog pravougaonog lavirinta, koga oznadimo sa Z".
Skup &vorova tog lavirinta je skup Z". n-dimenzionalni sahovski lavirint jeste bilo koii e :
povezani (oznadeni) podgraf grafa Z°. B Boaiene ¥

Neka je L = (V, E) 2-dimenzionalni pravougaoni lavirint. Skup R?\ L je otvoren i u ?
opstem sluCaju nepovezan skup. Lavirint L je (r + 1)-svezan, ako skup R*\ L ima r:
ograniCenih komponenti povezanosti. Ako je L = (V, E) 2-dimenzionalni $ahovski -
lavirint i Uy, Uy, ., U; sve komponente povezanosti skupa R? \ L, tada svaki neprazans -
podskup D oblika U; N Z?, nazivamo rupom lavirinta L, 1<i < r. Ako je skup. D konaéang ©plive
rupu nazivamo kona¢nom, a u suprotnom beskonatnom. 2-dimenzionalni $ahuvski '

. lavirint L nazivamo (r + 1)- svezanim ako u njemu postoji tadno r konaénih rupa, r € N. |

Apstraktni kona¢ni automat (od sada, automat) je petorka A = (A, Q, B, @, ), gdje su |
A, B i Q konaZne azbuke, koje se redom nazivaju ulazna azbuka, izlazna azbuka i -skup ‘
stanja; ¢ : Q x A — Q funkcija prelaza i y : Q x A — B funkcija izlaza. Automat A kod
kojeg je izdvojeno tzv. podetno stanje qeQ nazivamo inicijalnim automatom i
oznaavamo sa A, Neka su A* i B* skupovi svih rijedi a=a(1)a(2)...a(n) i
b=b(1)b(2)...b(n) nad azbukama A i B, redom. Funkcionisanje automata A, je
preslikavanje F(Ay) : A* — B*, definisano rekurentno:

qD) =g, G =/- | = f
q(t +1) = o(q(t),a(®), I’“\
b(®) = w(q(®),a().

Predmet naSeg izu€avanja jeste ponasanje automata u lavirintima. Automat A je
dopustiv za klasu lavirinata ©(Q, Z) ako se ulazna azbuka sastoji od slova a oblika w;
{01, 02, ..., 6u}), gdje je weQ i {0, 0y, ..., G}, i izlazna azbuka jeZui{k}i ke i
pri tome je uvijek y(q, a) € TIpx(a) v {k}. Klasu svih takvih automata ozna&imo sa
At(Q.3). FE @ ovo! &
Nekaje A, € A(Q, Z)i L, € ©(Q, X). Funkcionisanje automata A_ u lavirintu L

depwsens 90 Yo 90 Yo

interpretirajmo na sljedeéi nadin: Automat A, se postavlja na &vor vy lavirinta L, - &

Pretpostavimo da se u nekom momentu automat A, nalazi u ¢voru v lavirinta L, iu
D

PR NN

stanju q. KaZemo da on posmatfa oznaCenu zvijezdu, obrazovanu orijentisanim granama
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koje izlaze iz tog &vora. IJ tom momentu negovo ulazno slovo je par, obrazovan
oznakom &vora i skupom oznaka zvijezde. U sljedeéem momentu, ako jevy(q, a) #k, tada
automat prelazi u &vor , u koji vodi orijentisana garana oznadena sa w(q, 1), a ako je y(q,
a) =k, to on ostaje na mjestu, i uvijek prelazi u stanje @(q, a). Na ovaj nadin automat
ostvaruje kretanje po lavirintu. Funkcionisanje automata A 0 U lavirintu Lvo mozemo

definisati kao ponaSanje automata A.lo u lavirintu L, . Niz parova

n(A qo;LVo) = (40-v),(a;15,),--. nazivamo ponasanjem automata A o ¥ lavirintu L,
ako je vi,; &vor lavirinta LVO > u kojem automat, nalazeéi se u stanju g, prelazi iz &vora v,

a gi+1-stanje , u kome pri tom prelazi automat Aqo . Niz |(vo, v1)}, [(v1, v2)l,... ozna&imo sa

Tr(Aq ,L, ), poCetak duZine s niza Tr(A ,L ) sa Tr(A ,L ;s). Ako za neko
0’ Yo 9%’ %7 % .

ueV(LvO) postoji qe Q A, tako da par (q, ) pripada K(AQO;LVO), tada kazemo da
0

automat Aqo obilazi ¢vor u lavirinta LVO. Oznadimo skup svih &vorova, koje obilazi
automat A u lavirintu L, sa Int(Aqo,L,,o) . Otigledno da Int(A=q0,LvO) = g{v‘}

Nekaje L, € O(Q, )i A, e A(Q, 3). Ako je Int(Aqo ,LVO) =V(L, ), tada
kaZemo da automat Aqo obilazi lavirint L,,a inade da je lavirint L, zamka za automat
A.lo :

Vi-ponasanjem automata A > Y € Vi < V, nazivamo podniz
@, (@, v, ),... niza n(Aqo;Lvo), dobijen iz niza n(Aqo;LVO) izbacivanjem svih
parova (q;, v;), za koje v; ¢ V. Za sve V; c V defini§imo vrijednosti

st(r, V1), pl(r, V1), dr(z, V), tm(z, V)
gdiejen = 1c(Aq0 ;LVO) > na sljede¢i na€in: Ako postoji t, t > 0, takvo da w € Vi za sve
t,0<t'<t,w e Vi, tada

S, V1) = g, pl(m, V1) = w, dr(r, V1) = w(q, [wlL), tm(x, Vi) =t,

a u suprotnom vrijednosti st(, V), pl(n, Vy), dr(x, V3), tm(x, V) nijesu definisane.

Pored ponasanja automata u lavirintu mo¥emo posmatrati i ponasanje sistema
automata u lavirintu. Neka je LVI' € O(, Z) i neka je zadat sistem dopustivih

automata S=(A;1,Azz,...,A;n). Ako pod ponafanjem tog sistema u
: . San: 1. 2. a .

Lv]”‘"vu podrazumjevamo niz ponasanja (R(Aql’Lvl)’n(qu’va)""’E(Aq‘l’Lvn))’ to

takav sistem nazivamo nezavisnim, a samo ponasanje- ponasanjem nezavisnog sistema.

Ako za neko i, 1 < i < n, Im(A;,,LV,)=V, kaZemo da  obilazi L, , , a ako



Ljhlt(Af,i>Lvi)=V, kazemo da § S-obilazi L, . ; u suprotnom kaemo da je
i=1 "

L, . zamka odnosno S-zamka za nezavisan sisiem S.
S

Posmatrajmo jednu drugu varijantu ponasanja sistema automata S u lavirintu
L, .+ € &(Q, %). Zakodirajmo nase automate slovima u;, u,,..., uy, smatrajuci da #;

uzima vrijednost stanja u kojem se nalazi automat A:. ili A. Ako se ulazna azbuka
1
automata A;_ » 1 <1 < n, sastoji od simbola a oblika (w, {us,.. W1, Uisy,..., w), {01,
1

02,---, Sm}), gdje je w € Qi {61, 63,..., om} I, a izlazna azbuka jeskupX U {k}, k ¢

Z, i pri tome uvijek yi(q, a) € Tlps(@) v {k}, qe QAi , tada sistem S nazivamo
~ q;

\

kolektivom. Funkcionisanje kolektiva S=(A“ll ,Aflz s AY ) u lavirintu L, ., moZemo

interpretirati njegovim ponasanjem u lavirintu Lv1 ., na sljedeci nadin. Automat A;_ se
™n 1

u pocetnom trenutku nalazi u &voru v, 1 <i<n, lavirinta L. Pretpostavimo da se u-nekom
~momentu t automat A nalazi u &voru v{' i u stanju g . Njegovo ulazno slovo ! u'tom

1

momentu jeste trojka, koju ¢ine oznaka &vora, skup kodova svih automata koji se nalaze
u &voru v;' , osim samog automata A:i , 1 skupa oznaka zvijezde (koju obrazuju sve

orijentisane grane grafa L koje izlaze iz &vora v). U sljedeéem trenutku, ako je yi(q', af)
# k, to automat prelazi u &vor u koji vodi orijentisana grana oznadena sa yi(q;, a), a ako
je wi(af, a) = k, automat ostaje na mjestu, i automat prelazi u stanje @i(qi, a). Na ovaj
na¢in automat A;, ostvaruje kretanje po lavirintu, prelaze¢i neki put. Niz parova (g,
vio), (qil, vi'),... nazivamo pona$anjem automata A;. iz kolektiva § u lavitintu va_’v ,
ako (g, v°) = (q;, ), v je &vor u kojem automat A prelazi iz &vora v/, nalazeéi se u
stanju qf, a ¢! je novo stanje u koje taj automat prelazi. Tada ka%emo, automat A;i

obilazi &vorove v°, v',... i skup ovih &vorova oznaimo sa Int(S, L, .5 i). Niz
et

n(S, Lvl:—:vn) = (q:’,...,q:, v:’,..‘,v:), (q},‘..,q;, vl‘,...,v,:),..., takav da je niz (g, w°),

q@', wh,... ponasanje automata A;i kolektiva § u lavirintu L, ., . nazivamo
ponasanjem kolektiva A u lavirintu L Neka je

vl,...,v‘l M

IS, L, _, )= Ums.L, . i). Ako je Int(S,L, )=V, tada kasemo da
i=1 " '

kolektiv . obilazi lavirint L; a inade, L je zamka za kolektiv . Lavirint L je jaka zamka

za kolektiv § ako je za sve vy,...,v, € V(L) lavirint L"w"n zamka za S. Kolektiv § jako

obilazi lavirint L ako za sve w,...,v, € V(L) kolektiv S obilazi lavirint LVv—Vn .
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Uotimo neke automate Al ..., A™ , 1< i; < ..< ip < n, kolektiva
1. 1 -

1 m

S=(A;1,A:2 s AL ) Automate A:’, e A;"? nazivamo kamenima u kolektivu S, ako
n l.l 1 :

m
vaze sljedeéi uslovi:
a) automat A;’: » 1 £j <m, ima samo jedno stanje q; ;
i '

J
b) ako za neki ulaz a=(w,{ul,...,uil_,,uil+,,...,un},{0,,...,os}) automata A:’_ <1<
1
m, vazi Wi,(qi,,a)=0k» lI<k<s,topostojij#i, 1 <j<n 1</<m, takav da #; =

A i ako je #; kod stanja q automata Af;j tada je yi(q, @’) = oy, gdie je

a=(w,{u,",...,uj_,',u}H ,...,un'},{cl,...,os}), pridemuu’ =wu;zasve i#i,j, 1<i

<na ui" je kod stanja q;, -
Kolektiv § sa m automata A:‘_ yers A;'f‘ , koji su kameni, naziva se kolektivom iz
4 Im

n-m qutomata s m kamenova (kolektiv tipa (n-m, m)). .

Osnovna problematika ponaSanja automata u lavirintima moZe se grupisati u dvije
vrste zadataka, zadatak analize i zadatak sinteze. Zadatak sinteze sastoji se u opisu
automata-ili kolektiva automata, koji obilaze lavirinte iz zadate klase. Zadatak analize
sastoji se u -opisu svih lavirinata, ili lavirinata odgovarajuceg tipa, koje obilaze zadati
automati. Oba zadatka su izu€avana u radovima velikog broja autora’[19].

U okviru ovih zadataka razmatraju se i zadaci ispitivanja raznih svojstava
lavirinata, a takode i raspoznavanje svojstava geometrijskih figura.

Poznato je da za svaki automat postoji 2-dimenzionalni kona&ni lavirint, kojeg on
ne moZe obici [3, 4, 17, 18]. U [14] je pokazano da postoji opta 2-dimenzionalna zamka
za sve automate iz proizvoljnog konagnog skupa automata.

Za n-dimenzionalne lavirinte L; i L, kazemo da su slabo izomorfni ako postoji

bijekcija g: V{L1) — V(L»), takva da (u, v) € E(L,) ako i samo ako (g(u), g(v)) € E(L,), i Fela

pri tome ako je jedan od lavirinata inicijalni lavirint, to je i drugi lavirint inicijalan i pri
tome g(vo') = vo-, gdje je vo' ulaz lavirinta Ly, a v? ulaz lavirinta L;. Ako jo§ |(u, V)i, =
|, V)2, za sve (u, v)eE(L,), tada kazemo da su lavirinti L; i L, izomorfni. Mi neéemo
razlikovati izomorfne lavirinte i pisaéemo L; =L,.

Ukoliko je v &vor lavirinta L tada sa [v]., oznagimo skup {ju| | [Tpi(u)=v, ueE(L)}.
Ako je iz konteksta jasno o kom lavirintu se radi, koristiéemo oznaku [v].

Pored poCetnog stanja nekog automata Ay = (A, Q, B, ¢, y, q), mozemo izdvojiti i
skup zakljucnih odnosno finalnih stanja Qr < Q. Neka je Qf = {qs,» 95, }- Kazemo da

automat A, (kolektiv § = (A, K) tipa (1, 1)) prepoznaje lavirint L, ako pri kretanju
automata A4 u lavirintu L, automat prelazi u finalno stanje g, @ za lavirint L'y = L,

automat A, prelazi u finalno stanje qr, - Neka je C klasa inicijalnih lavirinata. KaZemo
da automat A, (kolektiv S = (A, K) tipa (1, 1)) prepoznaje klasu C ako za svaki lavirint

B oLaf.

uve, b
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L, pri kretanju automata Aq u tom lavirintu automat prelazi u finalno stanje 9, kada je
L, € C,aakoL, ¢ C tada automat prelazi u finalno stanje qg, -

Neka su a=(ai, a;) i b=(b,, proizvoljni elementi iz Z2. Ka¥emo da su a ib
(slabo) susjedni, ako je (|f -bf <2) |ﬁ -] =1, la-b[| = [(a1 —ba)? + (2 - b2)"* Niz
tacaka a = py, p1, ..., pm = b iz Z* naziva se (slab) lanac, koji povezuje tacku a i taku b,
ako su take p;.1 i pi (slabo) susjedne za svako 1 < i< m. Skup V¢ 2 je (slabo) povezan
ako ako za sve a, b € V postoji (slab) lanac iz V koji ih povezuje. Komponenta (slabe)
povezanosti skupa V, je svaki maksimalno (slabo) povezan podskup skupa V.

n-lavirint je svako preslikavanje ¢ : Z* — E2, (E* ={1, 0}), takvo da j je skup P, =
¢'({1}) povezan skup. Ako je po-proizvoljna talka iz P., tada par (c, po) nazivamo -
lavirintom s pocetkom (ulazom) p. m-lavirint nazivamo kona&nim (beskonaénim), ako je
skup P, konagan (beskonatan). Ubuduée éemo pod n-lavirintom podrazumjevati kona¢ni
n-lavirint. Rupa r-lavirinta je proizvoljna komponenta slabe povezanosti skupa Z*\ P..

Neka je c—proizvoljni n-lavirint. Posmatrajmo graf G, = (P., X.), kod koga je P.
skup Evoriva, X, skup grana i <pi, p>> € X ako i samo ako je &vor p; susjedan &voru p;,
p1, p2 € P..

Oznacimo saD = {e, n, w, s}.

Neka je V = (p1, p, ..., Px1) ureden niz razli¢itih nenultih elemenata iz Z? i 1A=
(A, Q, B, 9, y, qo) inicijalni automat kod kogaje B=V'c {0, p1, p2, ..., pa} i A= (ED)*.
Par (A, V) nazivamo pjeSakom, a V-vidokrugom tog pjesaka. Pjesak (A, V) je regularan
pjesak, ako je funkcija izlaza y takva da za proizvolino q € Qia=(ay, .., a)=(1, ay,...,
a) € (EY* iz toga $to y(q, @) =p;, za neko 0 <i< k-1 , slijedi da @i+1 = 1; po = 0.

Neka su dati regularan pjesak (A, V) i n—lavu'mt (c,po); V=0up2 ..., 1), A=
(A, Q, B, ¢, ¥, q). Ureden niz V odreduje niz V(z) = (z, z + p1, 2+ ps, ..., z+ pr1 ).
Ponasanjem pjesaka (A, V) u n-lavirintu (c, po) je niz n(A, Vi, ¢, po):

(20, 9o, a0, bo), (z1, q1, a1, by), ..
gdje 0= po, Zini =2 + by, Gt = (G @), @ = c[V(@)] = (c(@), c(zi + p1), ..., oz +pe1)) i
b; = y(q;, ;). Jasno, ako je pjeSak (A, V) regularan, tada je z P za svako t,t=0,1, ...

Pojmovi obilaska i prepoznavanja n-lavirinata su sli¢ni ve¢ uvedenim pojmovima.
Mi éemo razmatrati samo regularne pjeSake za koje je V = ((1, -1), (1, 0), (1, 1), (0, -1),
(0, 1), (-1,-1), (-1,0), (-1,1))iB=D U {0}.

Na3 zadatak je opis specijalnih klasa -lavirinata i ispitivanje moguénosti sinteze
regularnih pjeSaka ili kolektiva automata, koji ¢e prepoznavati te klase.

Pristupimo definiciji klasa mozailnih lavirinata &ije prepoznavanje jeste nag
zadatak.



Il Klase

Neka je P = {K < Z’| K povezan skup takav da je Z* \ K povezan skup, K
kona¢an skup}. ’

Neka je granica skupa KeP skup dK={z € K | z je slabo susjedan bar jednoj tacki
iz Z* \ K}. Oko svake tatke z = (21, z2)€ 0K opisimo kvadrat kv, &ija je duZina stranice 1.
Njegove stranice su (slika 1):

o
a={x=@x,%)eR|z-12<x <z + 12, %2 =2, + 1/2},
B={x=(x1,x) e R?|z - 12<x1£2,+1/2, x,= 2, - 1/2},
, 5 x={x=(x1, %) € R?| x;=2 - 1/2, Z-12<x3 <2, + 112},
x ' d={x=(x1, %) e R |x=2+1/2, z,- 12 <x3 < 2, +1/2},
p
slika 1

Stranica o, B, ¥, 8 kvadrata kv,, z € K, ima svojstvo "biti izmedu tadaka skupa K
i skupa Z? \ K" ako tacke (z, 2t 1), (21, 2 -1), (z1 - 1, z2), (z1 + 1, z2), me pripadaju
skupu K, redom.
Neka je st, skup stranica kvadrata kv, koje imaju osoboinu " biti izmedu tataka
skupa K i skupa Z*\K". Figura Fx = | Jst, je pravougli poligon.
zedK

Neka je K  Z? kona&an povezan skup. Najniza najdesnija tacka (ND) skupa K
je tatka z = (2, z2)e K takva da za sve a = (a;, a,) € K, 2, < a, ili ako je z = a, tada je
z1> a;. Najniza najlijevija tacka (NL) skupa K je tatka z = (z;, Zz)e K takva da za sve a
= (a1, &) € K, z; < a, ili ako je z, = a, tada je z; < a;. Najvisa najdesnija tacka (VD)
skupaK je tatka z = (z;, z)e K takva da za sve a = (a1, a2) € K, 2, > a, ili ako je z; = a,
tada je z, > a;. Najvisa najljevija tacka (VL) skupa K je tatka z = (21, z2)e Ktakva da za
sve a= (a1, a2) € K, z > ay ili ako je zo = a; tada je z; < a;.

Najdesnija najniza tacka (DN) skupaK je tatka z = (z1, z2)€ K takva da za sve
a= (a1, &) € K, z > a; ili ako je z; = a, tada je z, < a,. Najljevija najniza tacka (LN)
skupaK jetatka z = (z;, z)e K takvada zasve a = (a1, 22) € K, z; < a ili ako je z; = a,
tada je z; < a,.

Neka je (S)’ - skup svih rjedi o = a(1)o(2)...a(k), k > 4, nad azbukom S = {-1,
1}. DefiniSimo preslikavanje f : P — (S)’ na sljedeéi nadin: Neka je P € P. Polazeéi od
najnize najdesnije tatke poligona Fp i obilazeéi ga u pozitivnom smjeru, svakom tjemenu
poligona Fp pridruZimo —1 ili 1 u zavisnosti od toga da li je ugao kod tog tejemena —/2
ili /2, redom.

DefiniSimo sljedece familije skupova (slika 2):



CD,:{PEPIHP"zZ,f(P (-1 ~1-1(1-1)" - 1) k,n 2 0}

}
a }

)=(-
)=(-
{ )=(-

o= {P <PIP|2 2, 7(P) = (1(1-1)" - 1- 111 - ,k,n..O}
{ S
(-1
-

o, =[P ep|[p|=2,/(p)=

1(1,-1)" - 1-1(,-1)* —I)kn>0
0

PeP|[Pf=2,/(P) = (-1(-L)" ~1-1(-L)" -1} k,n >

D
P

)
PeP(|P]>2,/(P)=(~1-1-1(L-1)" - 1)k 2 0}

5

P eP|[P|>2, f(P)=(-1(-11)" -1-1- 1,k>0}

PeP|[P|>2,f(P)=

v

@
|
%= g
o, {PeP|"P]]22,f(P)=(—1(1,—1) -1-1-1)k >0}
®, ={P <P|[P|>2,f(P)=(-1-1-1-1)}

1-1-1(-L])" -1} k

9

gdje je (a, b)" (ab)(ab) (ab)ab)...(ab) ,ne N.

e B B

1¢-1, D*-1-1(1, -1)%-1)  (-1Q, “1)%1-1(1, -1)*-1) C-1¢-1, 1)%1-1(-1, D*1) (-1(1, -1)*-1-1¢-1, 1)*-1)

S S

(-1-1-1(1, -1)*-1) (-1(-1, 1)*1-1-1) Cl-1-1GL 1) (I, -DAI-1D) (-1-1-1-1)

slika 2

Ukoliko su z;= (x;, yj)e y AR 1=1,2,3, 4, takvi da y,=y3 i y; = y4 tada ozna&imo sa
Ag;"l"s”‘* ={K € ®;| 2, 25, z3, 2 ND, VD, VL, NL ta¢ka skupa K, redom}, i € {1, ...,
9}.
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8§81 Klasa Cy

Neka z=(x,y)eZ’, i=1,2,..,16 imaju cvojstva

-

KO Yo =Me =Vi1 = V2>
5 K
Xg <X <x; -1, x,<x,,
<.)’4 >Y3 >V,

_-l_- lo—l__ __J_ I 0 V1=V =V1is = Vo>

X; X, <X3—L x3<x,

_L]i Y7 > Vs > Vo
Tada,

{z;},_— 7 7 7 7 7

K, ™ ={K eP|K=K, UK; UK, UKZ UK UK K, eAg.’zz’zg’:m,
7 22:73:712%11 7 232422137 7 Z4:%5:%6027 pr 7 21521427

K, eAa,2 Ky €Ay K, € 4y K eA«,2 ,

Ks., e A;m":s”s%
3 >
(x,=x)=> (z1 +(L)eK] Az, +(-11)e Kl")
(& + )k Az, +(0-1)ek])=(z +CL)e K] vz, +(1-1)eK])
(x, =x; )= (25 +(-)ek] Az, +(-1-1)e KZ)
(ze +©@e K] Az, +0-)eK])=(z + 1) e k! vz, + (-1) K7 )

Klasu 7 - lavirinata C; definiSemo sa:

y
C,={cZ’ > E’lc'({}) =K er,z' =Mz, €Z?, i=1,16, zadovoljavaju uslove 0) }
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§2 Klasa C,

Neka z=(xiy)eZ?, i=1,2,.,10 imaju svojstva

K;'
(ys =W =Vo=V2>
L_K]JJ—‘ Xs <X <Xy -1,
! K;! 1)4x9$x2,
V2> 0
J7 <Vs-

Tada,

Z.,
K{ theido _ {K eP[K=K]UK; UK;, K;eAg™»™ K; eAg™™5,

1

K; eAz's’z"l”l‘ (X, =%x,) > (z=2,+(-1,-1) €K}) }

Klasu = - lavirinata C; dafini§imo sa:

{z.}. — . . .
C, = {c:Z2 —>E’c'({1})=K €K, """ {z.} € Z? i = 1,10,zadovoljavaju uslove

12
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§3 Klasa C;

Neka z=(x;y))€Z? ‘'i=1,2,..,17 imaju svojstva

] -
K I K2 Xi6 SX3<X, Xg<X;<Xz-—1L

X3 £ X,

2) Ye—1>y5, V5>V Y6>Yss
K32 y Y3 Y2’
Yo =Yu=Yu=Ys

K;?

Tada,

K, "7 = (K eP|K = K? UK2 UK? UK? UK? UK, K2 e AR,

K; GA?'%"U’% K§ GA? I h4hs K: GA;? 26713714 K: eAgl #12:%9°%10
9 2 2 > 3 > s b
Ki €Ag7™™,
(25 +(0,1) 2K? Az, +(0,-1) $K§) = (z5 +(-1-1) eX? vz, +(-L}) eKi),
z,s+(0) ¢K2, (x, =%,) > (z, +(L-1) €Ki Az, +(-1,-1) e Ki) }

Klasu & - lavirinata C, defini§imo sa

={cZ’ > E’c'({H)=K e K ‘=”7 z, €Z?, i=117, zadovoljavaju uslove 2)}

1
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§4 Klasa C;

Neka z=(x,y)eZ?, i=1,2,..26 imaju svojstva

Ko’
M
3 Ks’
R I ] (.Vn =Y =Vu =D
Xps S Xpp <Xy =1, Xy S5,
K; Y3>Vn> Ya>V3>DYs
T .
3) {177 N N
K3 Vs >Y7> Vs>
) _l_l Yu =V =Vis = s
_“‘ K L X SXp, <X~ LXxis < x4,
) J1a 2 Vi3
— K5’
K, [
L
Tada,
K, =% = (K eP|K = K? UKS UK} UKS UK} UKS UKE UK UK? UKD,

K e Ag;zzhs’zzs, K: e A:z:"-zs'zz4"25,K: c A:zz’aho-'m,Ki c A§;=4-219"fzo,
K§ eAg ™ K§ €Ag 1T K] €A I K] € Ag IS8,
K:e Afg;@,ﬁovm, K3 e Agzpzlz,ﬁsym,

(x, = x26) = (2, +(L]) €K} Az, +(-11) €K3}),

(X = X10) = (2, +(L-1) €K} Az, +(-1,-1) €K}),

(z: +(0)) K} Az, +(0,-1) 2K3) = (2, +(-L1) €K} v z, +(-1,-1) €K}
(2 + (1) 2K} Az, +(0,-1) €K3) = (2, +(-1]) €K} v z, +(-1-1) eK?
(2, +(0.1) €K} Az, +(0-1) K3) = (2, +(-1]) €K} vz, +(-1-1) eK3)}

)
)

Klasu 7 - lavirinata C; defini$imo sa
C,={cZ* > E}c'(1}) =K eK;zi}‘="7‘,zi €Z?, i =126, zadovoljavju uslove 3) }
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§5 Klasa C,

Neka z=(xiy)eZ?, i=1,2,..,17 imaju svojstva

Yu=Vi2=V2=Ds,
K Y. =y, =y =
Yio = V11 = Ve = Vs = Vs>
) Yo =Vie =Nis = Vs> .
Ks l
K 4) 4 X, >Xp, Xy <Xp—lox, <x, <x;,
Xio <X, <X, -1, X,<x,<x,,
4
Ko Xg X1 <Xis— 1, X5 <X,
V2>V, Vs> Vst Vs> y; +],
4 (X12 = X145 X3 = X5
K,

Tada,

Uy 4 4 4 4 w4 e 2.2195 4 _ A BZ4neq
K, ™7 = (K eP[K =K] UK; UK; UK UK, K} € A2 KJ e Ag ™0,
K; GA:f:6'z'5'z'4 ,K: eA:>65’z7"1;"9 ,K‘s‘ GA;}ZJ]&*@*’IO,

(x;=%4)= (z7 +(1,-1) GK:) }

Klasu = - lavirinata C, defini§imo sa

(7). -
C,={cZ* > E}c'({)=K eK4z' =L17 2z, €Z?, 1=1,17, zadovoljavaju uslove 4) }
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§6 Klasa Cs

Neka z=(x;,y))€Z?, i=1,2,..,27 imaju svojstva

KS |
K’ E . ’.;’26 :yzs =Vn =)
26 SXp3 <X, —1LX,, <X,
| | ke M Y2 <¥s <Va»
K75__|— Y1 = Vo =V =Vs»
] 5) <x,Sx19<x20—1, Xy < X4,

Yis <Vio>

s Yis = Vo = Vg = Dis>
Kj
K Xis S Xy <Xg— 1,

_| Xg S Xy Vs <Vio»

s V1a = Ve = N> X0 <Xy
K; I )

Tada,
K e - (K eP|K = K UK UK UKS UK UKS UKS UKS UKS,
K} eAL25 K3 e AZ 950 K3 cAZS0 K5 e AZ0,
K§ eAg ™™ K§ e A7 K3 e A7 K eA o, o,
K; e Agrisis,
(%, =xn) = (2, + (L) €K} Az, +(-L]) €K}),
(2. +(0.1) €K Az, +(0-1) €K3) = (2, +(-L1) €K} vz, +(-1-1) €K3),
(x5 =x6) = (2 +(1-1) €K} Az, +(-1-1) €K3),
(%6 = Xi7) = (2 +(L]) €K3) 3

Klasu & - lavirinata Cs defini§imo sa

={cZ’ > E’c'({(}) =K eK:z’}H'_ﬁ,z. €Z?, i =127, zadovoljavaju uslove 5) }
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§7 Klasa Cg

Neka z;=(x;,yi)~eZz, i=1,2,...,28 imaju svojstva

l__IT;
K86
I Kl 06
6

Rl

Ky

K®

Tada,

{z}.

Lo r

6.1) <

ryzo =V =V =D,

Xy S X <X, —L,X,, <x,,
Vs> V3>V,

Y1 =Vas =Vos = Voo

X, <X, <Xy —Lx, <x,,
Y1 > Vs

Yis = Vo = Vs = Vs>

X3 SX, <X —Lxg < x,,
Yo > V1o 2 X155X15 = Xy
Yir >V~ L

Y11 = Ve =V = Vs>

Xi7 S X0 <Xy — Lxy; <Xy,

Vs = Vi3

K¢y “% = (K eP[K =K UKS UKS UKS UKSUKS UK UKS UKS UK,
K§ eAZ™™ KS e A7 K¢ e A KE € Al

Kg EA;?;'225’27,23 ,K: € A?:’Zzs-‘u"w ,Kfl eAq?:.zz-pzm'zzo ,K: € A;?Z"-lo,ﬁ-,-,zn ’

Kg eAgr’ﬁs'ﬁs’zn :Kfo c A;::”w’u"lz ,

(%, =%x,)=> (z1 +(L]) eK§ Az, +(-L]) er),

(s = %) = (2, +(1-1) €K Az, +(-1-1) €KS),
(z3 +(0,]) K5 Az, +(0,-1) eK;‘) = (z3 +(-1L) eK vz, +(-1-1) e Kg),
(%15 = %,6) = (235 +(1-1) €K A zy +(-1-1) €Kj), z,+(0,-1) eKS }

Podklasu Cg' klase & - lavirinata Cs definiSemo sa:

e
Ci={cZ’ > E*c (1)) =K eK,, =2,z

i

17

€Z?, i =128, zadovoljavaju uslove 6.1) }



Ko°
K86
lKIO
,_I—F_JKSG
‘ y
K66
................... - Ks® |
I |
K,° K°
K¢ |

Tada,

{2}, 52
K6.2

62) -

ryzl =Y =Vn =Y

Xy SXp <Xy -1, X5,
Ya>Y3>)s5

Y9 = Vs = Vas = Vs>

Xio SXp <Xps—1, x,,<x,,
Y19 > Vo> Xig = Xg9 = X5
Yis =V = Vs = Vs,

Xig $Xo <Xy —1, X, < x4,
Y17 =10 =V = Nss

Xy SXp <Xy —1, Xy 2%,

Vir > Vst Yi3 >V

=12 — (K eP|[K=K{ UK; UK{ UK UK UKS UKS UKS UKS UKS,,

6 129, » 6 323, » 6 2Zg 5. s 6 Zg.24s »
Kx EA;}:zzzlzzz,Kz EA;?:-*Z”ZB,K?, GA;33422522“,K4 GA;625213219,

K: GA;?;zs'H'ZS,Kz EA;287'226'219’Z20,K; eAiz:'zz-,szo,Zzt,K: eA;?z'zlo'zl7'zlx,

6 o AZHASTETT KRS o A A3TeAra
Kg €Ags 10717 Ky €A 12,

(x, =%,)> (z1 +(L) eKinz, +(-1]) e Kf),
(%6 =%,)= (26 +(1-1) eK§ A zg +(-1,-1) ng),

(z: +(0) €KS Az, +(0-1) €KS) = (2, +(-L1) €K§ v z, +(-1-1) €K),
(%15 = %16) = (25 +(L-1) €K Az +(-1-1) €K§), 2, +(0-1) €K{ }

Podklasu C¢® klase 7 - lavirinata Cg defini$emo sa:

o
C! = {cZ’ > B2 ({)) =K eK 1+,

18
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Neka z=(x,yi)€Z?, i=1,2,...,24 imaju svojstva

’.V17> =YV =Yoo = V2>

Ko
Ko X;7 SXpy <Xpg—1, X9 <X,
............... N V> V>V,
Nis =V =V = Vs
K¢ 63) X Sxp <Xy -1 X, <x,

Yis > Vie 2 Vi1 X1 = X35 = X6
Y >Yutl Vo>

Yz = V6 = V1 = Vo>

(X3 SXs <X; -1, X, <X

Tada,

{Zi}v Py

K, ™ = {K eP|K'=K{ UKS UK UK UKS UK UKS UK UK,
Kf GA;I;ZPZW'ZIS , K; eA:zz"eho"w , K‘; eA:s:v’*zr"zo,Kg GA;‘:”ZI“’Z" ,
K§ GA;23’222’115’116 K: eA;w’zs-zls'zn K: eA;s”s"ls"u K: eA:xo-’-n"lz-’-xs
s > 3 2 2 2 1 >
K¢ eA;?-s"“”z"”*,
(%1 = %35) = (2, +(L]) €K Az, +(-L]) €KS),
(z, + (0.1) €K$ Azy +(0-1) €K3) = (24 +(-L1) €K v 2, +(-1-1) €K$),
(% =%) > (z,1 +(1,-1) €K§ Az, +(-1,-1) eK:) }
Podklasu C¢’ klase 7 - lavirinata Cs definiSemo sa:
€Z?, i =124, zadovoljavaju uslove 6.3) }

C: = {cZ? »> B '({I}) =K eK. V% 5

Klasu Cs definiSemo sa:
Ce=C¢! UC UGS
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§8 Klasa C;

Neka zi=(xi,yi)ezz, i=1,2,...,9 imaju svojstva

Ks'

K >y, >
7 {J’3 Y2 >V
X <x,—1

-

K,

Tada,
{Z}l—l9 — K€P|K Kl UKI UK;,KI EAz,zzzsz9,K GA 21327,23,
Ky € A3 zg + ©01)eK],z,+(0,-1)eK;}

Klasu 7 - lavirinata C; definiSemo sa:

={cZ? > Ec'({1H) =K eK ,z, €Z?, i =19, zadovoljavaju uslove 7) }
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§9 Klasa Cs

Neka z=(x;,y)eZ?, i=1,2,..,30 imaju svojstva:

Ki® Ko* i

e I ﬂ M7 = Yo = Vo = Vas

Kz E&s X7 S X5 <Xy~ 1, Xy <X,

Ya 2> V3> Y2015 > Ve > N>
— Yis = V2 = Va1 = Vs

J_I__I_’ KE 8) - X5 <Xy <X -1, x,, <x,
Y13 = Vio = Vas = Vs>

K [_l l_‘ Ks? X3 SX50 <Xp5— 1, X5 <X,

Ys > V71>V Y >Vi2 >V

_I—_ i- _l'_ I Yu = Vs = Vo1 = Vs

[ Xpy S Xpp <Xy — , x,<x

Tada,

{23, —-
Ky ™ ={KeP|K=K; UK, UK} UK} UK UK} UKE UK UKE UKE UKS UK,

K18 e Ag;‘zr’nr’ls’ K§ e A;zz'%-‘zo”w’ K38 = A;::’m‘zv’zo, Kf e A;:"s"m"xs,

K? e A:>223"22”15"16 7K§ = A;234”231’15”17, K78 = A;i”s'z”"“, K: e A;s;r’zs”z‘/ ,
K;‘ e A;73*‘8"27”25, Kl80 c A;i:"Q’IIO”ll , K181 e A;:;or’u”u"lz’ Kll; e A;330"29-‘12=’13’
(5 = xg)= (5, + @) e KE Az +(-11) e KF)

(z, +©1) e KE Az, +(0-1)e K2)=>(z, + (- L)€ k¥ vz, +(-1-1)e K?)
(xs =x,)=> (25 +(,-)e KE Az, +(-1-1)e Kf),

(216 + (01) 2 K2 A 26 + (0,-1) & K2)=> (26 + (L)) € K3 v 2,6 + (1, -1) € K ?)
(z, + @) e K2 Az, +(0-)e k&)= 2, +(- L) e KB v z, +(-1-1)e K?)
(% =x,0)= (29 +(-1)e Kj Az, +(-1-1)e Kfo)'

(2, +O) € K& Az, +0,-1) 2 K5 )= (2, + Q) e KB v 2, +(L-1)e K5 )

Klasu &t - lavirinata Cg defini§emo sa:
C, = {cZ > B} (1) =K €K, V¥ 7 €27, i =130, zadovoljavaju uslove 8) }
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§10 Klasa Cy

Neka z=(x;y)€Z’, i=1,2,...,28 imaju svojstva

P ,

K> |__ Y =Vi7 = Ve = V2>
Xpo SXpp <Xj—1, XX,
K, K? Yo > Vs Vs>V t+l,
L — Vs > Vs > Vs
K El';_'l Ys =V = Vas = Vs
o1 | Xg SX,6 <Xp5— 1, X, <X,
K Ys > Vs > Vio»
Yio = Vs = Va2 = Vi35
K Xio S X <Xy —1, Xy <Xy,
\ Yoz = Vs = Vis = Vs
K, Xy SXpy <Xps—1, X5<x,,
KS (Va2 Vs> X3 =Xy
Tada,

K::i}i="_” ={KeP|K=K; UK, UK] UK, UK] UK] UK) UK; UK, UK},

K19 c A;I;ZZ’ZZO’ZZI ,K;‘ c Ags'l"ls’zw”zo ,K§ c A;zz"svzls”w ,K: c A;3;"4*‘24-’23 ,
K: c A;«;”y’zs”u ’Kz c Aésl'zé'zrzs , K;’ e A;z;"zs-’x”sv , K: c A;zs"zr‘w‘lo ,
K: € Agzs”w‘zs”zz ,Kﬁ, c A;l:’zB’ZIO’zll ,

(x,=x,)=> (zl +(L)ek’ Az +(-11)e Kl”)

(¥ =x,)=> (2 +(~1)e K2 A zy +(-1-1)e K?)

(z, + @) e K2 Az, +(0-1)e K?)=> (z, +(1L-1) e K7 v z, + (L)) K2)
(¥ = %)= (7, + Q) e K Az, + (L) KL )z, +01) e K3}

Podklasu Cs' klase 7 - lavirinata Co defini¥emo sa:

C,={cZ* > E}c'({1}) =K eK::’}H’? 2, €22, i= 1,28, zadovoljavaju uslove 9.1) }
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Neka zi=(xi,yi)ezz, 1=1,2,...,28 imaju svojstva

K, ,
Y =Vis =V =DVa»

— K [ B Xy SX<X;,-1, x,<x,,
............... K Yo >Vas V3>V, +1,
K I——I . Y2 =Vis = hg = Vs

™ Xp SX,<X-1, x,<x,
Ko 92) Yu=Yu=Vu=Ys>
K’ Xy S Xy <Xp3—1, X, <x,,
Y6 >YVs > Vs>
K’ Yo = Va6 = Vas = Vs>

K, l.___ Xg S Xy <Xps—1, X,5 < X,

Yo = V1o >V, X3 =X, =X

Tada,

{Z.}_ 1 7% 9

K,, ™ ={KeP|K=K] UK, UK] UK] UK] UK? UK} UK? UK UKD,
K19 € Ag;’z"zr’zz ,K29 € A;s;"ss"zo"zl ,K: € A;zz”s"ls*‘n, Kf = Aéa;’r’u”lz ,
K;" EA;‘;'zsv’w’za ,Kz EA;53"6”25"24,K3 eAésl-’r’s'%,K: eA;zz't"zs'@"lo’
K99 € A;z:’zzrzlo”n ,Kl!:) € Ag:'zls’zlz’zla ,
(e, =x,)= (zl +(L)e K} Az +(-11)e Kf),
(x, =x)= (z7 +(,-1)ek) Az, +(-1-1)e K?),
(210 + @) 2 K3 A zip +0,-1)2 K3)=> (2 + (L) € K2 v 20 +(-1-1) e K2)
(ry =%,) = (2 + (L)€ K2 A 2y +(-11) € K3 )z, +(01)e K2}

Podklasu 092 klase 7 - lavirinata Cy definiSemo sa:

Cl = {cZ* > E*|c' ({1) =K eK, =™ 2 €7, =128, zadovoljavaju uslove92)}

23



Neka z;=(xi,yi)ezz, i=1,2,...,28 imaju svojstva

,

}’17'_‘}’14=}’13=y2,
Ks’ |—] K¢ Xy SXy <X -1, x;<x,,
9 e .V16>}’17, }’3 >y2 +1,
° L‘ K¢ X5 = Xy = X3,

. 93) Yy =Vu =M =Vs>
K4 Y. <

11 =Xy <Xy -1 X9 X,

_—I— Y6 > Vs> Vi Yo >V10 > Vi1

Yo =V =Vu=JVs>
9
K, K3 X, £X, <X, -1, X, <X,

K,°

I

Tada,

K, W% (K cPK =K® UK} UK UK® UK? UK UK? UKD UK,

9 i B9 21495967 g9 23:23:212:%13 9 23:24:91°%12
K edy K; € 43 K] e A3 K e 43 ;
9 Z4025:220>%19 g9 2502622310220 9 2g2271%34%9 9 23-%22°%9: 70
K edy Ki €4y K7 e Ay K] €4 ;
9 29452351011
K] e grimtom,

(5, = %)= (@ + L) e kP Az, +(-1)ek?)
(x,=x)=> (z7 +{,-)ek Az, +(-1-1)e K;’),
(210 + (1) €KY Az +(0-1)2 K2)=> (20 + (L)€ K7 v 20 +(-1-1)€ K}

Podklasu Co’ klase 7 - lavirinata Cs defini§emo sa:
{2}, — S o
C,={cZ’ > E’|c'({})=K EK;; =Lz, e€Z?,i=124, zadovoljavaju uslove 6.3) }

Klasu Cy defini§emo sa:

(:9=C91 () C92 () C93
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Il Automati i metrika

U daljem tekstu éemo raditi iskljudivo sa 2-dimenzionalnim lavirintima, tako da
¢emo umjesto "2-dimenzionalni lavirint" pisati samo samo "lavirint".

Ovdje ¢emo pokazati veliki uticaj metrike na prepoznavanje pojedinih klasa
lavirinata konaénim automatima. Dokazuje se da postoji pravougaoni lavirint L takav da
za proizvoljino v € V(L), ne postoji automat koji prepoznaje inicijalni lavirint L,. Sa
druge strane, ukoliko imamo proizvoljan mozai&ni lavirint L, to postoji automat koji za
svako v € V(L) prepoznaje lavirint L,.

Ako je L = (V, E) pravougaoni lavirint 0zna&imo sa diam(L) = max{d(u, v)| u, v
< V}, gdie je d(u, v) = ((TTps(w) - ITpy(v))” + ([Ipa(u) - TIp2(v))H)*.

Neka je L = (V, E; vo) lavirint. Ukoliko za neko uzajamno jednoznadno
preslikavanje u skupa V u skup R?, postoji pravougaoni lavirint L; = (w(V), E;; u(vo))
takav da su lavirint L i L; izomorfni, gdje p definiSe taj izomorfizam, kaZemo da je
lavirint L smjestiv ili postoji njegovo slaganje u ravni. Ukoliko je lavirint L smjestiv,
preslikavanje p nazivamo smjestas. Jasno da ako, pri fiksiranom p postoji Ly to je on
jedinstven. Prema tome, pod smjestanjem lavirinta L nekada éemo podrazumjevati L;, a
nekada realizaciju L_, Jasno, ako je lavirint L drvo (graf (V, E) je drvo) tada je lavirint L
smjestiv.

Neka je L = (V, E) lavirint takav da V=V, U Vy, Vin Vy =0, [V =|V,| =k k>
2. Pretpostavimo da Vy = {x;, x,,....xx} i Vy = {yy, Y2,-.-.¥k}. Za lavirint L kaZemo da je
w-stepenica, w € {e, n} ako postoji takav smjesta& i, tako da:

2) Ilpa (1)) = TIpm (1(x)), TIpw (Y)) = [Ipm ((y) i TTpa (u(xs)) = ITpa

(ll(Ys)), i '-’tj: is j, Se {lr':k}:

b) Ako je Ipn ((x; )) <IIpa (u(x; )) < ...<IIpn (u(x; ), i € {1,2,..)k}, tada je

E= {<xij_1 > xij >, <xij > xij+1 >1je{2,..k1}} U {<Y;j_1 > Yij > <Yij > yij+l >1]

€ {2,..k-1}} U{<x, y> i € {1,...k}},
gdje (m, n) = (1, 2) ako je w =n i (m, n) = (2, 1) ako je w = e (lavirint L éemo zvati
stepenica ukoliko je on e-stepenica ili n-stepenica).

Neka su Ly = (V1, E1) i L, = (V, E,) dva lavirinta takva da V; A V=0, x1€ Vi,
X, € Va1 [XI]Ll N [Xz]Lz = . Neka je Va'=V,\ {Xz}. Neka je lavirint L(X]) = (Vz(xl),
Ex(x1)) takav da Va(x1) = {x1} U {x:}xV3'i preslikavanje i : V, —» Va(x1) definisano sa
i(x2) = X1 1 i(x) = (x1, X), X € V7, je izomorfizam lavirinata 1, iL(x;). TadasaL, + L,

b K

oznacimo lavirint (V; U Va(xy), E; U Ex(xy)), pri Semu, ako jeu € E; tada je [u| = Julp,, a

ako je u € E; (x1) tada je [u| = |ulr, . Ukoliko je u lavirintu izdvojen ulaz vy, tada je to ulaz

izalavirint L, + L,.KaZemo da je lavirint L, + L, dobijen spajanjem &vorova x; i
X1 X2

xl,xz
X2 lavirinata L; i L,. U [17] je dokazano da ako su L, L, smjestivi lavirinti, takvi da L, je
drvo, tada je ilavirint L, + L, smjestiv.
Xl, Xz
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Neka je Step ={L = (V, E)| L je stepenica ili postoje Xi,....Xs € V, drveta lavirinti .
Ly, ..,Ls i lavirint stepenica L' takoda L=L' + L, +.. + L, gdje xi,...,xs € V(L,

X], X xz’ X xs, X
x e V(Li),i€ {1,2,....s}}. ,
Za lavirint L kaZemo da je e-smjestiv ako postoji smjeitas p lavirinta L takav da
diam(u(V(L))) <e. Jasno, ako je lavirint L drvo ili stepenica, tada je L e-smjestiv za sve €
>0.

Teorema 1. Ako je lavirint L= (V, E) e Step tada za sve ve V ne postoji automat koji
prepoznaje lavirint L.

Dokaz: Pretpostavimo da je L = (V, E) n-stepenica i “ VII = 2k. Neka automat Aqp = (A,
Q, B, ¢, v, qo) prepoznaje lavirint L = (V, E; w), zaneko vo € V. Ako je v € V,
oznacimo sa nm(v) broj pojavljivanja &vora v u nizu n(A Y DR t) , gdje jet > 0, takvo da
w(g, M) =11 ¢(q, [w]) = q. Neka je n = max { nm(v)| v € V}. Neka su u, v € V takvi
da[u] = {e, s} i[v] = {w, s} (<u, v> € E). Neka je L' = (V" E), gdie je V'= V U {x, y},
E'=<u, x>0 <y, y> UE\<u, v>, |(u,%)| =¢, |(v,))| =w. Nekaje L*=L'\ {3}, IF=L"\

{x}.
1 n+l1
L, =[((L' + Lyk) + Lyi) + .. + Lk ),
xz! 2 v2.2 Rt

Neka je
gdje je LY* lavirint izomorfan lavirintu L dobijen preoznaavanjem &vorova f; :

VIL)->V(LY* ) i pritome fi(x) = y. ifi() =7, 1<i<n+1.

Neka je
~ «l ) n+1
Lz[((L, + L“) + Lk) + ... + LXx )
1 1 _2 2 3 n _n+l
Y, W xk,w xk,w xk.w

gdje je L% lavirint izomorfan lavirintu L’ dobijen preoznatavanjem &vorova g; :
V(L)->V(L* )i pritome g(y) = x\ igi)=w\, 1<i<n+1.

Treba dokazati da je lavirint [, smjestiv.

Neka je p smjestag lavirinta L takav da p(V(L)) = {x1,...%, ¥1,..., i}, IIpi(x) =
Ip1(x), TIps() = TIp10y), TIp2(xs) = Tpa(vs), i, i, j, s € {1,...k} i TIpz (1) < Tpz (x2) <
..<I1pz (). Pretpostavimo i da je ITpi(»1) > ITpi(x1) (slika 3 (a ).

Neka su x, y € R* takvi da TIpa(yi) = [Ipa(y) = ITpa(e) (=TIpa()) i TIpa(ai) <
Ipi(x) < TIp1() < IIpi01). Udaljimo du xy. Na ovaj natin smo definisali smje¥tanje
lavirinta L' (slika 3 b) ). '

Neka je y' smjeStal lavirinta L takav da p'(V(L)) = {x},..x!,y!,. .y},
le(xxl) = le(x;)> le(yxl) = le(yxl )’ sz(x:) = sz(y‘l )> iij: i’ j> S € {la’k} i
Ip=(x) <TIpz (x;) <...<Tlpz (x;). Pretpostavimo da je [Tpi(»!) > [pi(x!). Neka je x
€ R* takvo da TIpa(y} ) = Ipa(e) (=TTp2(x})) i TTpa(x} ) < TIpi(x) < [Tpu(y! ). Udaljimo
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duz xy! . Nekajez' € R* takvo da ITpa(z) > Hpa(y"), TTpi(z}) = ITpa(y" ). Udaljimo duz
Yibi a dodajmo duZ y) z'. Na ovaj nadin smo definisali smjesta p' lavirinta L k

(slika 3 c) ). i neka je on takav da je diam(p'(V( Lyi ») < min{d(ti,_v)l u,ve wW(VIL))}.

1
Translacijom 14, gdje je o« = z',x, pravouglog lavirinta L* dobijamo smjestanje

1
lavirinta L' + L%

X,

Lavirint L'* i € {2,...n+ 1}, moZemo smjestiti u ravan kao na slici 3 c), tako da

je diam(V(L’% )) < diam (((L‘ + Lyi) + Ly%] +o Lyi*_l] (¥ =x).
x, 2 yi,zz yi.z3 yi2’zl 1

Na ovaj nacin smo dobili smjestanje lavirinta L; (slika 3 d)).

1
Sliéno, lavirinte L , izomorfne lavirintu L’ , moZemo smjestiti u ravan kao $to je

to prikazano na slici 3 €), s tim sto je diam(V(L'* ) < diam(V(L’* ).

1 Xy xk' X y Vi
Xy x z
Xk Wk Xk "—" "'— W xkl S xﬂ
Xﬁl' : Ykil
X2 V2 x, 23 y21 X1 | X% B! 23
% " ox noox! n'
X hg!
a) b) c) d)
Xy _x y Y
i —_ o ®
wi x x= | Xk 2
1 Q nfl
1" =
’lk% ! )l'k-l Xk-1] - V‘:l-ll
' A 2 Fin x| i x 2
x5! Y X1 '———‘P, Y1
X ; . x@ N
n x »
e) ' f) g)
slika 3

Smjestanje lavirinta L je dato na slici 3 f).
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Za automat Aqq vazi Tr(Aqo;(L; Vo )) = Tr(Aqo;(L;vo )) .

Primjetimo ukolikosje lavirint L e-stepenica i L jedna njegova realizacija u ravni,
tada rotacijom figure L za ugao n/2 oko bilo kog tjemena x € V(L) dobijamo figuru L'
koja je smjestanje lavirinta koji je n-stepenica.

Ukolikoje L=L' + L, + .. + L,, dokaz je sli¢an s tom razlikom $to prilikom

X, X X2, X2 XX

smjestanja lavirinta 1. drvo L; i njemu izomorfna drveta treba smjestiti tako da je njihov
dijametar dovoljno mali, 1 < i < s. Slaganje lavirinta L u ravni moZe biti predstavljeno
kao na slici 3 g) (lavirinti drveta L;, 1 < i < s, su e-smjestivi, za sve ¢ > 0, §to je
predstavijeno sa @) - 0
Teorema 2. Ako je L = (V, E) mozai¢ni lavirint tada postoji automat Aqe = (A, Q, B, o,
¥, 4o, Qr), Qr = {Qqy, > q, } < Q, koji prepoznaje klasu {L, | v € V}.
Dokaz: Neka je V = {v), vy,..., va}. Ako je p = yo(Yoy1)y1(¥1y2)-...¥m-1(Ya-1¥em) Ym PUt u
grafu (V, E), sa d(p) oznagimo duZinu puta p a sa [p]; 0zanadimo i-tu granu tog puta.
Neka su p; =vi(v vi'l )vi'l ...vi'sl_l ilsl—-l vi‘s1 )vi"1 sersPn= Va(Va ¥y, )V} ...vi‘:n_l (vi’:n_l ,vi‘:’l )_vi‘:‘l
Sp
putevi u grafu (V,E) takvi da {v,} | vi =V, pe{l,..n}: Nekasux; c D, i e{l,..., I}
1
takvidaxizxjzai#j,i,j €{l,.., 1} izasvei e{l,..., n} postoji j €{l,..., 1} tako da [v]L
=x;. Neka je £ P — X, gdje je P = {py,..., pn} i X = {X1,..., X1}, definisano sa f(p;? =[w], 1
e{l,..., n_}. Oznaimo sa [flx; = {p € P| fp) = x}. Neka je I[f]xi|= n 1[flx =
{P1>-s Py Jo1 €{L,... 1}.

Neka je Ap; = (A, Q;, B, ¢j, v, ar’, Qr) inicijalni automat, gdje je Q; = {qJ,..., CHR

q,..., qs‘jo} U Qr, j €{1,..., n}, definisan sa:

o (al. v D= wi(al.lvi D= il
% (q,9=q’,v(al,@= v vi [Lzaaz[v 1 kef2,..5},

i (af, D= a3, wi(af, D = byvi |

0 (41,@)= g, wj (a},@) =0, zaa = [v],

(pj (q:“+17 [V;' ]) = qF > \VJ (q£-+l’ [vlJ ]) =0’
i 5 1 j 5

. o . _ . : kL .
(pj (Q:j+1’ a) - quj+1> \VJ (q;‘j+l’ a) - Iv:j_l V:j I- b zaa#* [v;: ]>
: 3

D=W v ke, s+1},

k-3 k-2
0 (a7, [v) D= a3, v (g3, [viD= |vi"l vl
0 (4;’,9) = q5, , vi(q;’, @) =0.

0 (a5, [vi D=q,, v(q, [vi

iy iy o
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Primjetimo da automat Ap; prepoznaje lavirint Lyv;=(V, E; v, i pri tome ako je mozaitni
lavirint L, takav da L, # Lv; tada u obilasku lavirinta L, automat Ap; se vraéa u &vor v, j
€{l,..,n }. Sa q(Ap) ozna&imo stanje q;=™ automata Ap;, i €{1,..., s+ 1,-2, ..., (s +

1)} (ovu oznaku koristimo i za oznaku isto oznatenog stanja automata Aqp, Cija deﬁmcqa
slijedi)

Konstrui§imo automat Aqo= (A, Q, B, 9, v, qo, Q), gdie je Q = {qo} U Q,\{q}}, na
J_

sljededi nadin:

Nekajem € {1, ..., 1}.

©(q0, Xm) = G2(APT), W(qo, Xm) = [P 11 b,

?(qo 9) = g, W(qo,®)=0, zaa ¢ X,

¢(q2(AP"), Xm) = q2(A PE,), W(q2(APP), Xm) = P2, 1k, i€ {1, ..., np - 13,
0(2(AP,,, ), Xm) = (q2(A Py, ), Xm), W( q2(A P ), Xm) = Wi G2(A P} ), Xm), gdje je b
takvo da pp = pfm R

0(q}, @) = ei(gi(Ap), @), w(q}, a) = yi(qi(Ap), @), zaj €{2,.., si+ 1, 3, .., (si + 1)},
ie{l,..., k}. 0
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IV Prepoznavanje klasa C,, C,, C3, Cs, C;

Definisali smo familije @;, 1 <i<9:
Kako ¢emo raditi iskljudivo sa regularnim pjeSacima, zbog kradeg zapisivanja,
8
ulazna azbuka je skup A = {0,1, ..., 255}, umjesto (E*)’, dobijen kodiranjem Y a,2""
i=1
elemenata (1, aj,...,as} € (E*).
Lema 1. Postoji regularni pjesak A“’i = (A, Q;, B, 0;, ¥i, qo, Qr), koji prepoznaje klasu
inicijalnih n-lavirinata (®;, vap) = {(c, vi) |¢'({1})=K € ®; i vi, ND-tagka skupa K}, 1
<i<9.
Dokaz : Konstruisatemo automate A, ,1<i<9.

Izostavi¢éemo sve prelaze u stanje q, > smatrajuéi da to vazZi za sve a € A koji nisu

naznaceni kao izlaz bilo kog stanja. Takode ¢emo koristiti oznaku (*, w), gdiew € D,
smatrajuéi da to vaZi za sve a € A koji nisu ve¢ naznaleni (kao izlaz tog.stanja).

Automat A<I>1 :

(80: w)

(24,25,18; n)

(66,194,214,2%Q; w) (66,70, w)

(248,120,249,251,
121,123; n)

(107,235,105,233, (11,15,43,47; )

(24,25,27,v,57; n)

(214,66,70; €)

(255v

(121,120,123; w)

(111,107; w)



Automat Aozz

(66; w)

(214,70,66,86; w)

(8,40,64,96,104; 1)

(208,80,212,84;
(214,66,70,86,254,127,126,111,107,106,110,246,118,

98,102,255,30,14,10,62,46,42,63,47,43,31,15,11; ¢)
(56,60,112,116,120,124,24,28,80,84; n)

(86,62,63,31,118,

127,126,30; n) *;w)

(66,70; €)

£

(244,240,252,248,208,212; ¢)

(16.20; )

Automat Aq,3 :

(223,219,251,235,107,75,203,249,233,105,
215,211,195,67,216,200,72,255,214,210,66,
194,217,201,73,248,232,104; w)

(233911, 0)

146,18,25,153,147,19,24,152,27,155; n)

(22,23,150,151,31,159; €) (208,210,211,216,217,219,248,249,251; )

*9
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Automat A¢4:

(107,75,66,67,214,2.
223,214,215; w)

4( 106,254,74,222; w) o

(23,11,0)

(66,98,214,246; w

(16, 0)
(16,20,144,148;

(64,96,208,212,240,244; w)
(22,23,31,151,159,150; €)

8;,0)
(¢}

(208,212,248,252,240, _
244,220216; n) (254,106,246,214,98,66,74,222,158,30,10; €)
* e

(24,28.152,156; n)

Automat A°s :

(64, w)

(214,86,70,66,255,127,
asem L0710 (66.107:w)

(2.11,43;0)

(80,208; w)
(16; n)

(8,40, 0)

(43,47,11,15,31,63,2,6,22; ¢) (80,120,208,248; )

*
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T ™

;TN

Automat Aq,s :

(214,210,66,194; w)

2;0)

(208,192,64; w)

o

18,22;
(16, ) ( "

(104,105; 0)

@4,25; n) > 107 ¢)

(27,31,255,251,235,107; ¢

@27.31;n)
(248,249,104,105,232,233; w)

*w
Automat A, :

(104,107,75,67,248,255,223,
215,248,216,72,66,214; W)

(24,152, 1)
08,62; v
(2, ;:) a 23,11;0)

(22,23,31,150,151,159; €) (208,216,248; n)

*e
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Automat Ao, (66,214; )

64,208,212;
@ (64,208,212; w)

@2, n)
(16,20, n)

(24,28, n)

(64,96,104; 0)
(30,31,10,11,66,98,107,

255,254,246,214; e)

(208,212,240,244,248,252; ) (31;n)

*;w)
Automat A, :
9

(66,104,107,214,248,255; w)
(24;n)

(208,64; w)
% 5.7

(2231; 1) (248; n)

2.8,11,0)

(104, 0)

(107,11,31,255; €)
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Teorema 3. Postoji regularni pjesak Ai = (A, Q;, B, ¢;, vi, qo, Qr), koji prepoznaje
klasu inicijalnih-lavirinata (Ci, von) = {(c, w) | ¢ € Cii v DN-tagka skupa ¢’ Yanm
i e {1, 2,3, 5}i postoji regularni pjeSak A7 = (A, Qs, B, @7, y7, qo, Qp), koji prepoznaje
klasu inicijalnih m-lavirinata (C7, vwp) = {(c, vi) | ¢ € C7i vi ND-tatka skupa ¢ 1y
Dokaz: Neka je i € {1,2,3,5,7}. Iz definicije klase C; slijedi da ako je ¢ € C;, to skup
¢}({1}) moZemo horizontalnim duZima izdjeliti na podskupove C;, j € (1,...,ki), tako da
zasvej € {1,..,ky}, postoji/ € {1,..., 9} tako da C; € @;, gdje je

(3, akojei=1,

6, akojei=2,

ki = <10, akojei:3,

9 akojei=35,

3 ako jei=17.

Konstruigimo automate A, i € {1, 2,3, 5, 7}. U opisu ovih automata, smatracéemo
da postoji "prioritet” medu ulaznim simbolima nekog stanja, definisan sa "predhodno
opisan".

Automat A; = (A, Q1, B, 01, ¥1, q1, Qr) je definisan na sljedeci nacin:
= {qi I ie{l, ceny 12}} () QF

01(q1, a) = q2 W1(qs, a) =w za a =208,

01(q1, @) = @2 Wi(qs, @) =1 zaae{16, 144},

?1(q1, ) = qg, Wi(q1, @) = Oinale,

01(q2, 9) = @2 Vi(qs, @) =w za ac {214, 248, 255},
01(qz, ) = qs wi(qz, ) =w zaac{88, 72, 216},
01(q2, @) = @3 yi(Q2, @) =n zaae{22, 31},

01(q2, ) = qa Yi(Qz, @) = e za ae{150, 159},
01(qz, @) = Q2 Wi(qa, @) =n za ac {24, 152},
012, 9) = qg, Wi(q2, ) = Oinale,

01(Q3, @) = @3 V1(Qs, @) = e zaae{31, 255},
01(q3, @) = @2 Y1(qs, @) =n zaa =248,
01(q3, @) = q2 yi(qs, a) =e zaa =159,
¢1(qs, 9) = qg, Wi(gs, ) = Oinale,

01(q4, a) = qa Wi(qs, @) = € za a€ {214, 255},
91(q4, @) = qs Vi(qs, @) = 1 za ac {208, 248},
01(94, @) = q5, Wi(Qs, @) = Oinace,
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01(qs, @) = qs Wi(qs, @) = w za ae {66, 98, 246, 118, 214, 86, 70, 102, 67, 99, 215, 87,
119, 247, 71, 103, 104, 120, 248, 111, 79, 255, 223, 127, 95, 107, 75},

01(gs, @) = qs wi(gs, a) = s zaae {10, 14, 42, 46, 62, 106, 110, 254, 126, 30},
01(a5,@) = Qg W1(gs, @) = 0 inale,

01(gs, @) = g6 Wi(qs, @) =W za ac {248, 240, 255, 127, 254, 126, 66, 98, 214, 86, 246,
252, 244,212, 124, 116, 84, 111, 110, 102, 70, 120, 112, 80, 106, 107},

01(gs, @) = g6 W1(qs, @) = s za a€ {30, 62, 10, 42, 28, 60, 46, 14, 24, 563,

01(gs, a) = @7 Vi(gs, @) = € zaac {63, 31, 43, 11, 47, 15},

(PI(Q6, a) =(Qs W;(Q5, a) =e zadac {2, 6, 22},

¢1(gs, a) = Qs Y1(gs, a) =n zaa< {16, 20},

¢01(gs, a) = qr, y1(gs, @) = 0inade,

01(q7, @) = g6 W1(qr, @) = s zaa€ {106, 110, 120, 124, 126, 248, 252, 254},

(Pl(q7, a) = q7 \ul(q.,’ a) =¢ zade {b c AI b = ao+al2+‘a,222+a323+a424+a525+a626+a727, a1
= 1}’

(pl(q7’ a) = qF0 Wl(q7’ a) =0 lnaée:

¢1(qs, @) = 9o Vi(qs, ) =w zaae{67,99, 215, 87, 119, 247, 71, 103}, A2

¢1(ds, a)}= qs Vi(cs, @) =ezaac{beAlb= agtan2+a2 a2 a2 Has2 rag2 ar’, a1 =
1,ap=0}, :

¢1(qs, @) = Qs V1(qs, @) =nzaac{beAlb= ao+a12+a222+a323+a424+8525+8626+a727, a =
0,a3=1},

01(qs, @) = qx, Wi(gs, @) =0 inale,

01(gs, a) = gz Wi(qe, a) =w zaac {86, 102, 70, 66, 98, 246, 118,214},
¢1(q9, @) = qu Wi(ge, @) =e zaae{62, 30, 42, 10, 46, 14},

¢1(gs, @) = quo W1(qs, @) =W zaae {106, 110, 254, 126},

01(as, @) = g, W1(qs, @) =0 inae,

01(q10, @) = Qo W1(que, @) =w za @ {107, 111, 127, 255},
01(q10, @) = qu Yi(que, @) =€ zaae{ll,43,63,31,47,15},
e1(qi0, @) = q, W1(quo, @) =0 inae,

¢1(q1, @) = qiz W1(qui, @) = n za ae {216, 88, 120, 248},
<P1(qui @)=qu vi(qu, ) =€ za ae {beAl b = agta2+a2 as2 +as2 +as2 +as2 a2,
a; =14,

ei(qi, @) = q, wi(qu, @) =0 zaae{72, 104},
01(qu, @) = A, v1(qu1, @) =0 inage,

01(q12, @) = Qiz Vi(Quz, @) =W za ac {107, 111, 120, 104, 127, 248, 255},



¢01(qiz, @) = qu Yi(qiz, @) =e zaae{ll, 15, 31, 43, 47, 63},
0i(qi2, @) = dx, y1(q2, @) =0 za a =40,

01(qQi2, ) = Qg W1(qi2, @) = 0 inace,

Automat 4, = (A, Qz, B, @2, W2, q1, Qr) je definisan na sljede¢i nain:
Q.= {q|ie{1,2,..,35} } LU Qr

¢2(q1, @) = Q2 WAqu, @) =w za a =208,

02Aq1, @) = qs Y2(qQ1, @) =w zaa =192,

¢2q1, @)= Qs Y2(q, @) =W zaae {80, 96, 112, 224, 240},

(Pz((h, a) = qFo \Vz((h, a) =0 inaéea

oA, @) = Q2 Yoz, @) =W zaa =214,
¢2(q2a a) =4qs \Ilz((h, a) =wzaac {86a 1 18> 246}a
02(q2, @) = q, V2(q2,0) =0 inace,

023, @) = @3 Y2(Qs, @) =wzaae{beA|b= agta2+a2 a2 a2 as2 a2 a2, a3 =

0, ag=1},

04qs, a) = Q3 ¥2(qs, @) = szaac{beA| b= ao+a12+3222+8323*73424"'8525"'86264*&727, a=

1, ap=0},

¢2(q3, a) = Qs W2(qs, a) =szaae {beAlb= ao+a12+a222+a323+a424+a525+a626+a727, a =

0, a=1},
¢2(q3, 9) = g, W2(qs, @) = Oinale,

02qs, @)= Qo W2(qs, @) =nzaa=22,

02, @) = qs Va(qs, @) =n zaa =18,

02qs, @) = Qs V2(qs, @) =w za a€{210, 2143,

0(qs, @) = @3 W2(qs, @) = w za ac {118, 246, 86, 242},
0x(qs, @) = G5, Wa(Qs, @) = Oinale,

02(qs, @) = qs W2(qs, @) =w zaa =208,
02(qs, @) = Qg Y2(qs, @) =w zaae {64, 192},

¢02(qs, @) = Qs y2(gs, a) = eza ae {beAlb= ao+a12+3222+a32-3+a424+a525+3626+a727, a; =

1, a= O},

¢2(gs, @) = qs Y2(gs, ) = s zaae {beA[ b= ao+a12+a222+a32’+a42“+a525+a626+a72’, a =

O, as = 1}, .
92(gs, @) = Qg W2(qs, @) = 0inale,

02(gs, 9) = qs V2(Qs, @) = w za ac {214, 248, 255},
02(gs, @) = @7 V2(Qs, @) =1 zaae {22, 31},
02(qe, @) = Qs WaGs, @) =w za ac{104, 232},
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02(96, @) = q, V(45 @) =0 inale,

‘027, a) = a7 W2, @) = e za ae {27, 31, 107, 235, 251, 255},
02qr, a) = q6 W¥2(q7, @) =n zaa =248,

02(q7, a) = qs W2(qr, a) = w za a€ {104, 232},

02(q7, @) = q5, Va(qr, @) = 0 inate,

02(Qs, @) = s Wa(Qs, @) =w za ae{66, 107, 194, 210, 235, 251, 255, 248, 214},
02(qs, @) = qs W2(qs, @) =n za ac {18, 24, 25,27, 28,29},

02(qs, @) = Qo W2(qs, @) =n zaas{22, 31},

02(qs, @) = qu W2(as, @) =e zaae{10, 14},

02(0s, @) = Quo W2(qs, @) =w za ae{124, 252},

0%(qs, @) = g5, Wa(qs, @) = 0 inale,

02(q0, @) = Q@0 W2(as, @) =€ zaae{31, 255},

02(qs, @) = qs W2(Qs, @) =n za ac {248, 249},

02(qs, @) = qQuo W2(as, @) =w za ac{252, 253},

02(qe, @) = qu1 Y2(Qo, a) =e zaae{ll, 15}, .
0Aqo, a) = QF, y2(qe, @) =0 inace, -

02(quo, @) = qu1 Y2AqQuo, a) =€ zaae{ll, 15},

©2(q10, @) = Quo W2(quo, @) =W Zaae {107, 111, 127, 255},
¢02(Q10, @) = qu1 Y2(Quo, @) =n zaa =31,

@2(qu0, @) = q, W2(Quo, @) =0 inae,

02(qi1, @) = qu W2qu1, @) = e za ae {66, 70, 86, 98, 106, 107, 102, 110, 111, 118, 126,
127, 214, 246, 254, 255, 11, 15},

02(qi1, ) = Qiz Y«(qQu, d) =W zaae {208, 212, 240, 244, 252, 253},

0211, @) = Qi3 Y2(qu1, a) =n zaae {80, 84, 112, 116, 124, 125},

©2(qu, @) = q, W2(qu, @) =0 inate.

(pz(qu, a) =qi3 \Vz(qlz, a) =nzadec {30, 31, 62, 63, 86, 118, 126, 127},

0Aq12, @) = Q12 Y2«(Qi2, @) =w zaae{beAlb= agta2+a2%+a;2 +a2 +as2’+ag2%+as2’,
as = 1},

0Aq12, @) = q5, W2(Q12,9) =0 inaCe

0x(qu3, @) = Q3 W2qus, a) =€ zaae{43, 47,107, 111, 127, 255, 254, 126, 246, 214, 63,
31, 62, 46, 42, 11, 15, 30, 14, 10, 106, 110, 66, 70, 98,102, 118, 86},

02(qi3, @) = Qi3 W2(Qi3, @) =n za ae {56, 60, 184, 24, 28, 152, 120, 124, 112, 116, 80,
84},
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02qus, @) = Qe Wa(qus, @) = e zaae{26,27, 58, 59, 154, 155, 158, 159, 186, 187, 190,
191, 210, 242, 250, 251},

02(qu3, 4) = Q2 V2qus, @) = w za ac {208, 212, 240, 244, 248, 252}, y
0qu3, @) = Qs W2Aqu3, @) =w za ac{72, 200, 216},

02(qu3, @) = g, Wx(qu3, @) =0 inade,

02q14, @) = Qua Y2(qu4, a) =€ Zaae {106, 107, 210, 214, 234, 235, 242, 246, 250, 251,
254,255},

0xq1e, @) = Qs Valqus, @) =W za ac {104, 105, 96,208, 192, 224, 232, 233},

02(q14, @) = Qis YAq14, @) =1 za ac {240, 248, 249},

02(qu4, @) = qg, y2(qus, a) =0 inace,

02q1s, @) = qis WA Qis, @) =n zaae {26, 27, 58, 59, 154, 155, 186, 187, 210, 242, 250,
251},

0x(qis, @) = Qs Wa(qis, a) = w za a€ {106, 107, 234, 235},

02Aq15, @) = g, ya2(qis, @) =0 inace,

02Aqis, @) = qis W2(Qis, @) =w za ac{214, 66, 194, 210, 216, 200, 72, 107, 235, 75, 203,
215, 255, 223, 251, 219, 217, 201, 73, 67, 195, 211, 248, 232,104,249, 233, 105},
02(qi6, 3) = qis W2(qus, @) =n zaae{18, 19, 24, 25,27, 146, 147, 152, 153, 155},
92(ais, @) = Q7 W2(qis, @) =€ zaae{22, 23, 31, 63, 150, 151, 159},

0x(Qi6, @) = Qis V(qus, @) =W za ae{99, 227, 95, 127, 83, 115, 242, 243, 87, 247, 119,
01, 123, 98, 226, 82, 114, 86, 118, 246},

02(qis, @) = g5, W2(qus, @) =0 inale,

a7, a) = Qs Wa(qu, @) =n za ae {248, 249, 251, 210, 211, 216, 217, 219},

0xqu7, @) = Q7 W2(qi7, @) =e zaae{beAlb= ao+a12+a222+a323+a424+a525+a626+a—,27,
ar= 1},

oA{q17, @)= qr, ya2(q17, @) =0 1nace,

0xqis, @) = Qs Wa(Qis, @) =W zaae{66, 67, 75,98, 99, 102, 107, 70, 71, 103, 79, 111},
02(q1s, @) = quo W2A(qus, @) =sza ac{10, 14, 42, 46, 106, 110, 122, 126, 62, 30, 234, 250,
254},

0xAqis, @)= 5, W2(qis, ) = 0 inade,

0x@s, @) = qis Ya(qus, @) =W za ac{66, 98, 255, 127, 254, 126, 214, 86, 246, 252, 244,
212, 124, 84, 116, 111, 110, 102, 70, 120, 112, 80, 107, 106},

0219, @) = Qo WAqi9, @) =5 za ac{30, 62, 10, 42, 28, 60, 46, 14, 24, 56},

0xqis, @) = qa1 W2(qis, @) = e zaae{2, 6,22},

02(qus, @) = Q2o W2(qus, @) =€ zaac{31, 63, 43,47, 11, 15},

0(qs, @) = Q1 W2(qs, @) = n za ae{16, 22},
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02qus, ) = qg, Va(que, a) =0 inale, ] y

" ©2(qe0, @) = quo W2(qo, a)=s za ac{106, 110, 120, 124, 126, 248, 252, 254},

020, @) = Qa0 V(ao, @) = € 72 ae{ beA| b = agtar2+a2 a2 +ai2 +as2’ +ag25+a72’,
a = 1},

02(q20, @) = G, V2(qao, @) =0 inace,

02(qz1, @) = Q22 Y2(q21, @) = e zaae {215, 87, 71, 67, 83, 211, 195, 115, 243, 227, 247,
119, 103, 99},

(pg(qgl, a) = q21\|/2(q21, a) =nzad E{ bEA‘ b= a0+a12+a222+a323+a424+a525+a626+a727,
a1=0,a=1},

02(qz1, @) = qu V2(qa1, ) =€ zaas{ beA| b= asta; 2+a222+a323+a424+a525+a626+a-,27,
a; = 1},

02(q21, @) = q, Vx(qa1, 9) =0 inale,

02(qa2, ) =423 Y2(qaz, @) =W 2aac {200, 201, 232, 233, 216, 217, 248, 249},

02qa, @) = Gas Y2z, @) =W zaae{72,73, 104,105}, o

02(Qa2, @) = Q2 V2(qz, @) =€ zaae{ beA| b= agta2ta2% a2 a2 +as2> +ag25+as2’,
a1 = l},

022z, @) = q5, V2(G2, a)=0 inade,

02(qas, @) = Q23 Y2(q23, @) =W za ae{210, 211, 242, 243, 219, 251, 214, 246, 255, 223,
247,215},

02(qz3, @) = Qs Y2(qa3, @) =W zaae {91, 95, 82, 83, 115, 86, 87, 119, 114, 118},
02(qz3, @) = Qo YAqa3, @) = € zaae{30, 62},

02(qz3, @) = Gos W23, @) =w zaae {122, 126},

902Gz, @) = G2s V2(qu, a) =w za ae{123, 127},

02(qz3, @) = Qa7 Wqz, @) =w zaae {250, 254},

02(q23, @) = Qg y2(qzs, a) =0 inace,

02(Q24, @) = Gaa W2(qas, @) =w zaae{66, 67,70, 71, 98, 99, 102, 103},
02(qas, Q) = Qs Y2(qae, @) =w zaac {106, 1103,

02(qa4, @) = a0 WG, a) =€ zaac{10, 14, 42, 46},

0224, 4) = q5, V2(qas, ) =0 inale,

02(qas, @) = Gzs Y2(qas, ) =w zaae{107, 111},
0Aqzs, @) = qza Y2(qas, @) =w zaae{75, 79},
¢2(qes, a) = g, Ya2(qas, ) =0 inace,

0226, @) = Gas Y2(Qzs, @) =w zaae {107, 111},
02(qz6, @) = Q30 Wqas, @) = zaac{l], 15,43, 47},
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02(q2s, a) =

02(q27, @) =
02(q27, @) =
02q7, @) =
02(qe7, @) =

02(q2s, @) =
02(qes, @) =
02(qes, @) =
02(qzs, @) =
02(qes, @) =

0xqes, a) =

02(Gae, @) =
02(qae, @) =
Q2(qQ9, a) =

©2(q29, @) =

02(q30, @) =

g, Va(dos, @) =0 inale, o

Q27 W2(qe7, a) = w za ae {251, 255},
Qas Wa(qe7, @) =w za ac{123, 127},
QG0 Waoqe7, a) = e zaas {31, 63},
Qg Wa(q, @) =0 inale,

Qs W2(Qas, @) =w za ac{66, 67,75, 98, 99, 107},

a3 Wa(ae, @) = w za ac {194, 195, 203, 226, 227, 235},
Q2o W2(qas, @) =w za a = 106,

Q27 Wa(Ges, @) = w za a = 234,

Qr, V2(d, @) =0 za ac{10, 42},

Q, Ya(qas, @) =0 inace,

(o W2(Qae, @) =w zaa =107,
Q@7 W2(Que, @) =W zaa =235,
q, VG, @) =0 zaae{l1, 43},

qg, V2(Gw, a) =0 inale,

@1 Wa(qao, @) =n za ae {82, 83,91, 114, 115, 122, 123, 210, 211, 216, 219,

217, 242, 248, 249, 250, 251, 243},

02(qsoe, @) =

a = 1},

02(q30, @) =

02(q31, @) =
02(qs31, @) =
02q31, a) =
02(q31, a) =
02g31, a) =

0Aq31, @) =

02(qs2, @) =
02(gs2, @) =
02(Q32, @) =
02(qs2, a) =

02(qs3, @) =
02(q3s, a) =

Qo ¥2(Qqao, a) =e zaac{beAlb= ag+a;2+ay2 +as2+a 2 +as2’ +ag25+as2’,

* B

qr, W2(Q, @) =0 inade,

Q31 Wa2(qs1, @) =w za ae{104, 105, 107, 232, 233, 235},
G2 W2(qQa1, a) = w za ac {248, 249, 251},

@1 v2AQs, @) =nzaa=123,

Gss W2(qs1, @) =s zaa=41,

qr, W21, @) =0 zaae{ll, 43},

g, W2(Qs1, ) =0 inace,

QG4 W2(Qa2, @) = e zaae{31, 63},
Qa2 V2(Qa, @) =w zaa =255,
PB3 V(s a) =w zaa =127,
Qr, W2(Qs2 a) =0 inace,

Qs W23, @) = e zaae{l1, 15,31, 43, 47},
Q3 Wa(qss, @) =w zaae{107, 111},
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0233, 4) = q, V2(q33, @) = 0 inace, . : *

02(q34, @) = @31 Wa(Qss, a) =n za ac {248, 249, 251},

02(Q34, @) = Qa4 W2Q3a, @) =€ za ac{ beA| b = ag+a;2+a,2+a;2 +a424+a525+a62(’+a727
a = 1}

02(9se, @) = q, W2(qae, @) = 0 inale,

0xqss, @) = g5 Waqss, @) =w za ac {66, 67, 75, 98, 99, 106, 107, 111, 110, 102, 103, 70,
71, 79, 82, 83,122, 123, 114, 115, 91},

02(qss, a) = qFl ya(qss, @) =0 za ae {10, 11, 14, 15, 42, 43, 46, 47},
0xAgss, a) = qpo y2(qs3s, @) = 0 inace.

Automat A3 = (A, Qs, B, 03, W3, q1, Qr) je definisan na sl;edecx nadin:
Qs ={qilie{l,2,..,51}} vQr

03(q1, @)= qz ws(qu, @) =w za ac {208, 240, 80, 224, 112, 96, 192},
03(q1,@) = q W3(q1, @) =0 inae,

03(q2, @) = q7 W3(q2, d) =n zaa = 148,

03(q2, @) = qa W3(q2, a) =e zaac {22, 18, 150, 146},

03(qz, @) = Q2 Ws(qz, @) = 5 za a€ { beA| b = ag+a; 2+a,2%+a32>+a 2 +as2’+ac2%a:2", a3 =
1, a3,=0},

03(q2, @) = @2 W3(qz, a) =w za ac {be Al b = ap+a; 2+a2 +a323+a424+a525+a62 +a72 a3 =
0,as=13},

03(q2, @) = G V3(qz, a) = s zaac {bcA| b = apt+a;2+a,2 +a323+a42 +a525+a52 +a72 a; =
0,a=1},

(P3(q2= a) = qFo ‘I’S(q2; a) = 0 inaéea

03(q3, @) = 3303, a) = e za ac { beA| b = ag+a;2+a;2%+a32°+a,2*+as2 +ag2™ 4272, a1 =
1 a= 0}

(p3(q3, a) = 43 y3(qs, ) = szaac{ be A| b = ag+a; 2+a2 2ta323+a 2 +as2+ag2%+a2") a; =
0 a3 = 1}

03(q3, @) = Q2 y3(qs, a) =w zaaec{ beA| b= agta;2+a;2 2+a32%+a,2 +as2’+as2%+a72", a3
=0,a=1, a; =0},

03(Q3,@) = qg, W3(qs, @) =0 inate,

03(q4, @) = gs W3(Q4, @) =w za ac {208, 212},
03(q4, @) = Qu2 Y3(qs, @) =w za ac{80, 84},
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03(q4, @) = qay3(qs, a) = zaac { beA| b= ao+a12+a222+a323+a424-ﬁa525,;+a626+a727, a=
0,2 =1},

03(d4, @) = g, ¥3(4s, @) =0 inale,

03(gs, @) = g5 w3(gs, @) =w zaae {255,223, 214,215, },
03(gs, @) = qs W3(gs, @) = e zaac{22,23,31, 150, 151, 159},
03(as, a) = quz ¥3(qs, a) =w zaae{127, 95, 86, 87},

©3(gs, @)= q5, W3(a5,9) =0 inade,

0x(as, a) = @7 V3(qs, @) = 1 za ac {208, 212, 240, 244, 248, 252},

03(gs, @) = qs W3(gs, a) =€ zaac{ beA|b= agta 2+a; 2232 +a2 ras2 +as2% a2, a
=1},

03(gs, @) = qg, ¥3(qe, @) = 0 inale,

¢3(qr, a) = qs W3(q7, @) =w zaae {2’08, 212, 240, 244},

03(q7, @) = qs ¥3(q7, @) =w zaae {248, 252},

03(q7, @) = qo ¥3(q7, a)=e zaac{74,78, 202, 94, 206, 218, 106, 110, 234, 126, 238,
250, 210, 242},

03(q7, @) = @7 W3(qr, a) = e za ac {214, 246, 222, 254},

03(q7, a) = quz W3(q7, @) =w zaae{120, 124},

03(qr, @) = q5, W3(qr, @) =0 inace,

93(gs, @) = gs W3(gs, @) =W zaac {214, 246},
03(gs, @) = qs Y5(gs, @) =w zaac{222, 254},
03(ds, @) = g5, W3(qs, @) =0 inale,

03(gs, @)= qo W3(qe, @) =€ zaac {98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198},

¢3(qe, @) = quo W3(gs, @) =w zaac {112, 116, 244, 240, 80, 84, 208, 212},

03(d9, @) = g5, W3(a9, @) = 0 inale,

03(qu0, @) = Qio W(due, @) =w za ac{98, 102, 118,246, 66, 70, 86, 214, 242, 210, 226,
230, 194, 198, 146, 230},

03(quo, @) = qu W3(quo, @) =w zaac{ 74, 78, 94, 218, 106, 110, 126, 250, 254, 222, 202,
206, 234, 238},

@3(quo, @) = g, W3(quo, @) =0. inale,

03(qQu1, @) = quys(qu, @) = w za ae {255, 223, 215, 251, 219, 211, 79, 71, 111, 107, 75,
67, 214, 66, 210, 203, 207, 194, 195, 235, 239, 198, 199},

03(qu1, @) = qu3 W3(qui, @) = e zaae{22, 23, 31, 150, 151, 159},

03(q11, @) = qua W3(qu1, @) =n zaac{18, 19, 27, 146, 147, 155},
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©3(Qu, @) = g5, W3(qu, @) =0 inale,

03(qu2, @) = quz Ws(quz, @) =w zaae {211, 67, 210, 66, 255, 223, 70, 71, 107, 75, 215, = ¥ .
111,79, 219, 251, 214, 194, 195, 198, 199, 203, 207, 235, 239}, :

03(q12, 9) = Qi3 Wa(quz, @) = e zaae {22, 23,31, 150, 151, 159},

03(q12, @) = Qe W3(quz, ) =n zaas{18, 19, 27, 146, 147, 155},

03(q12, @) = q5, W3(qn, ) =0 inale,

03(q13, @) = qua W3(qu3, @) = n za ac {210, 211, 219, 218, 250, 251, 242},

03(q13, @) = qi3 Y3(qu3, @) =€ zaae{ beAlb= agtar2+a;2 a2 +a2 +as2 g2 as2’,
ar= 1},

03(q13, @) = Qg W3(qu3, @) =0 inale,

03(qu4, @) = qua W3(qus, @) =w za ac {248, 232, 104, 105, 249, 233, 219, 217, 201, 73, 67,
195, 211, 214, 66, 194, 210, 216, 200, 72, 107, 235, 75, 203, 215, 255, 223, 251},

03(q14, @) = qus V3(que, @) =n zaae {18, 19, 24, 25, 27, 146, 147, 152, 153, 1553},

(p3(q14, a) =q15 \.|l3(q14, a) =e€ zadac {22, 23, 31, 151, 150, 159},.‘! .

03(qus, @) = Qi W3(qQue, ) =€ zaae{2,3, 11},

03(q14, @) = Qis V3(qus, @) = s zaae {8, 9}, X

P3(qs, @) = qg, V3(qu4, @) = 0 inale,

03(q15, @) = Qs W3(qQis, a) = n zaac {210, 211, 216, 217, 219, 248, 249, 251},

03(q1s, @) = qis Ws(qis, @) =€ zaae{ beAlb= a<)+a12~l>a7,22~l-21323 +a424+a525+a(,26+a727,
a = 1},

03(q1s, @) = g5, W3(qis, @) =0 inale,

03(qus, @) = Q17 W3(Que, @) = n za ac {80, 84, 86, 112, 116, 118, 120, 124, 126, 127},
03(Q6, @) = Q16 V3(qis, @) = S zaae { beAl b = agra;2+ar2 +a32 a2 +as2’+as2’+as2’,
a = 0},

03(q6, @) = Q16 W3(qQis, @) = € zaae{ beA|b= agta;2+a 2t +a 2 +a 2 ras 20 +ag2%+as2’,
a= 1},

03(qis, @) = qr, wv3(qis, @) = 0 inale,

03(q17, @) = Q7 Y3(qs, a) = e zaac {43,47,107, 111, 127, 255, 254, 126, 246, 214, 63,
31, 62, 46, 42, 11, 15, 30, 14, 10, 106, 110, 66, 70, 98, 102, 118, 86},

03(q17, @) = Q17 W3(gs, @) =n za ae {56, 60, 184, 24, 28,152, 120, 124, 112, 116, 80, 84},
03(q17, @) = quo W3(gs, @) = e za ac{26, 27, 58, 59, 154, 155, 158, 159, 186, 187, 190,
191, 210, 242, 250, 251},

03(qu7, @) = Qs W3i(qu7, @) =w za ae {208, 212, 240, 244, 248, 252},

(p3(q17, a) =q21 \y3(q17, a) =wzadac {72, 200, 216},

03(qi7, @) = Q3 W3(q17, @) =w zaac{88, 92, 2203},



03(qi7, @) = q, Ws(qu7, @) =0 inale,

" 03(Qus, @) = Q17 W3(Qis, @) = n zaas {30, 31, 62, 63, 86, 118, 126, 127},

03(qis, @) = qis Wa(qis, @) =w zaae{ beA|b= apta 2+a;2%+as2 a2 ras2 +ag25+an2’,
ag =1},

03(q1s, @) = g, y3(qis, @) =0 inace,

93(qus, @) = quo W3(qus, a) = e zaac{234,23 5,250, 251, 254, 255, 242, 246, 106, 107,
210, 214},

¢3(qis, @) = qu w3(que, @) = n za ac {240, 248, 249},
03(q19, @) = qao Y3(que, @) =W 22 ac{104, 105, 96, 208, 192, 224, 232, 233},

(P3(CI19, a) = qFo W3(q19, a) =0 inaée>

03(Qao, @) = Qa1 W3(Qao, @) =1 22 a€{26, 27, 58, 59, 154, 155, 186, 187, 210, 242, 250,
251},

03(q20, @) = Qo W3(qao, @) =W za a€{106, 107, 234, 235},

03(q20, @) = g, y3(qao, @) =0 inace,

0x(qa, @) = Qa1 Ws(ar, @) = w za a€{214, 66, 194, 210, 216, 200, 72, 107, 235, 75,203, i

215, 255, 223, 251, 219, 217, 201, 73, 67, 195, 211, 248, 232, 104, 249, 233, 105},
03(qz1, @) = Q1 W3(qa1, @) =n zaae{l8, 19, 24, 25, 27, 146, 147, 152, 153, 155},
03021, @) = @3 Wa(qa, @) =W za ac {88, 89, 92, 93, 220, 221, 127, 86, 87, 120, 121, 95,
124, 125, 252, 253},

(p3(q21, a) = (22 \jlg(qzl, a) =e zaac {22, 23, 31, 63, 150, 151, 159},

03(Q21, @) = q, v3(qa1, a) =0 inace,

03(qz, @) = @ Wa(qm, @) =n zaac{210, 211, 216, 217, 219, 248, 249, 251},

03(Q2z, @) = Q22 W3(Az, @) =€ zaac{ beAlb= agtar2+a;22+a; 20 a2 ras2 +ag25+as2,
a = 1},

03(qz2, @) = Qg v3(qz, @) =0 inate,

03(qx, @) = Qut Ws(que, @) =w zaa{70,71,75,79, 86,107, 111,214, 87, 215, 223, 255,
127, 95, 66, 67},

03(qz3, @) = Qoa V(s @) =€ zaac{2,3,6,7},

03(q2s, @) = Qas W3(qas, @) = n zaas{22, 23},

03(q23, @) = Q23 W3(qus, @) =s zaa=31,

03(qz3, a) = Gea Y3(qa3, @) =5 zZaae {11, 15},

(P3(CI23, a) = qFo W3(q23’ a) =0 inaéev

03(qz4, @) = Qas W3(Qaa, a) =1 za ac {86, 87, 88, 89, 92, 93, 95, 120, 121, 124, 125, 127},
(P3(q24, a) =24 W3(q24, a) =ezaae {669 67, 70:71a 75,79, 107, lll}a
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03(q24, @) = Qa4 Y3(qas, @) =5 za@ =31,
03(Q2s, @) = Q27 V3(Qas, @) =n zaae{22, 23},
03(qze, @) = Qs v3(qa4, a) =0 inale,

03(qas, @) = Qa6 Wa(qas, @) = w za ac{208, 212, 240, 244, 248, 249, 252, 251, 253},
03(qzs, @) = Qs Wx(Qas, @) = € za ae {31, 214, 246, 254, 255},

03(qas, @) = Q27 Y3(qzs, @) = e zaae{l1, 15},

¢3(qzs, @) = Qg y3(qas, a) =0 inaCe,

03(qz6, @) = Gas W3(Qzs, @) =W za ac {214, 246, 254, 2553},
93(qzs, @) = Gos W3(Qas, @) =n zaa =31,
0:(Qas, @) = q5, W3(qs, @) =0 inale,

03(q27, @) = Qa7 V3(qz7, a) = € zaae{107, 111, 127, 214, 246, 254, 255, 11, 15},
03(q27, @) = Qoo V3(qa7, @) =W zaac {208, 212, 240, 244, 248, 249, 252, 253},
@3(q27, @) = qas W3(q27, @) =n zaac {120, 121, 124, 125},

03(q27, @) = Q27 V3(qur, @) =n zaa =31,

(p3(q27, a) ¢ /1 \|I3(q27, a) =e zaaec {106, 110, 126},

03(qz7, @) = q5, ¥3(qzr, @) =0 inace,

0x(qQas, a) = Qs W(aas, a) = € zaae {43, 47, 107, 111, 127, 255, 254, 126, 246, 214, 63,
31, 62, 46, 42, 11, 15, 30, 14, 10, 106, 110, 66, 70, 98, 102, 118, 86},

©3(qas, @) = Gas Wa(Qas, a) =1 za ac{56, 60, 184,24, 28, 152, 120, 124, 112, 116, 80,
84}, ‘_

03(qas, @) = Gro Wa(Qs, @) = € za ac{26,27, 58, 59, 154, 155, 158, 159, 186, 187, 190,
191, 210, 242, 250, 251}, .

03(Q2s, @) = G2 W3(qas, @) =W zaac {208, 212, 240, 244, 248, 252},
03(qus, @) = Q32 W3(Qas, a) = w za ae {72, 200, 216},
03(q2s, @) = Qg V3(qs,2) =0 inace,

03(qas, @) = Qas V3(Qzs, @) =n zaa€ {30, 31, 62, 63, 86, 118, 126, 127},

03(que, @) = Qoo W3(Qzs, @) =W zaac{ beAlb= agta;2+a2%+a;20+a2 ras2 +a2%+a,2,
as=1},

¢3(q29, @) = q5, Ws(q, @) =0 inade,

0x(q30, @) = Qa0 W3(Qs0, @) = € za ac {234, 235, 250, 251, 254, 255, 242, 246, 106, 107,
210, 214},

¢3(qa0, @) = @31 W3(Qso, @) =W zaae {104, 105, 96, 208, 192, 224, 232, 233},

03(q30, @) = @32 W3(Qso, @) = n za ac {240, 248, 249},

¢3(q30, @) = q5, W3(qs0, @) =0 inale,
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0x(qs1, @) = Ga2 Wa(qer, @) = zaae{26,27, 58,59, 154, 155, 186, 187, 210, 242, 250,
251}, .
o3(qs1, @) = @1 Wi(gs1, @) =w zaae{106, 107, 234, 235},

03(qs1, @) = g, y3(qa1, @) =0 inale,

0s(qan, ) = 2 Wa(qus, @) = w za ae {214, 66, 194,210, 216, 200, 72, 107, 235, 75, 203,
215, 255, 223, 251, 219, 217, 201, 73, 67, 195, 211, 248, 232, 104, 249, 233, 105},
(p3(q32, a) = Q32 \U3(q32, a) =nza ae{18, 19, 24, 25, 27, 146, 147, 152, 153, 155},
s(qon, @) = Qs Wiz, @) =W zaae (99, 227,95, 127, 83, 115, 242, 243, 87, 247, 119,
91, 123, 98, 226, 82, 114, 86, 118, 246},

(p3(q32, a) =Qq33 \U3(q;;2, a) =e zaac {22, 23, 31, 63, 150, 151, 159},

03(433, @) = q5, W(qx, @) =0 inale, |

03(qs3, @) = @3z W3(Qs3, @) =n zage {248, 249, 251, 210, 211, 216, 217, 2193,

03(q33, @) = Q@33 yi(gqss, @) =€ zaa e{beAlb= ao+312’*‘82224‘&3234'8424*‘35254'36264‘3727,
a= 1},

03(qs3, @) = G5, W3(gss, @) =0 inale,

03(qs4, a) = Q34 Y3(Qas, @) =W Za Q€ {66, 67, 98, 75, 99, 107, 102, 70, 71, 103,79, 111},
03(Qa4, @) = G35 W3(qas, @) =S Zaae {106, 42, 10, 234, 110, 46, 14, 250, 122, 126, 254,
62, 30},

03(qz4, a) = qr, y3(qs4, a) =0 inale,

03(gss, a) = @35 W3(qes, @) =W zaae {66, 98, 255, 127, 254, 126, 214, 86, 246, 252, 244,
212, 124, 116, 84, 111, 110, 102, 70, 120, 112, 80, 107, 106},

03(qss, @) = @35 Y3(qss, @) = s zaae {30, 62, 10, 42, 28, 60, 46, 14, 24, 56},

03(qss, @) = Qss W3(@ss, @) =e zaae {11, 15, 43, 47, 31, 63},

03(qss, @) = @7 Ws(Gss, @) = e zaae{2, 6,22},

03(q3s, @) = @7 Wa(gss, @) = n za ae{16, 20},

03(qQss, @) = qg, V(G5 @) =0 inaCe,

03(qs6, @) = @5 Wa(Qe, @) = 5 za @€ {106, 110, 120, 124, 126, 248, 252, 2543,

03(q36, @) = Q36 Wi(qss, @) =€ zaac{beAl b= agta;2+a;2%+ay 2 a2 ras2 a2 +aq2’,
a =1},

03(qs6, @) = Qg y3(qss, a) =0 inate,

0x(qs7, ) = Qas W(qwn @) = € zaac {215, 87, 71, 67, 83,211, 195, 115, 243, 227, 247,
119, 103, 99},

03(qs7, @) = @7 Ya(Gs7, @) =n zaae{beAlb= agta;2+a;2%+a;2° +a2 ras2’ra2%+a2’,
a=0a=1},

0x(qs7, @) = Q37 W3(q, @) =€ zaac{beAlb= apta;2 a2 a2 +a2 ras2 rag2t+ar2,
a;=1,a3=0},
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03(q37, @) = Qx, V3(qs7, @) =0 inade,

03(qs8, @) = Q39 W3(qas, @) =w za ae {200, 201, 232, 233, 216, 2L7 248, 249},

0x(Qss, @) = Gas Wx(Qss, a) = w za @ {104, 105,72, 73},

03(qss, @) = Q38 W3(qss, @) = e zaac{ beA| b = agta;2+a;2 21a;2°+a2%+as 25+a626+a 27,
a = 1}

03(qss, @) = @38 W3(qas, a) =0 inace,

0x(qs, @) = Qa0 Wx(qzs, @) = w za @e{210, 211, 242, 243, 219, 251, 214, 246, 255, 223,
247, 215},

03(q39, @) = qao W3(qa9, @) =w zaac{91, 95, 83, 115, 82, 87, 86, 119, 114, 118},
03(q39, @) = qus W3(qQ39, @) = e za ac {30, 62},

03(q39, @) = Qa2 W3(qae, @) =w zaac {122, 126},

03(qa9, @) = qu W3(qae, @) =w za ac {123, 127},

03(q39, @) = Qa3 W3(qae, @) = w za ac {250, 254},

03(Qs9, @) = Qg W3(qs9, @) =0 inale,

03(qa0, @) = Qa0 W3(quo, @) = w zaac {66, 67, 70, 71, 98, 99, 102, 103}
©3(q40, @) = Qa2 W3(qae, @) = w za ac {106, 110},

03(qa0, @) = Qus W3(qao, @) = € za ac{10, 14, 42, 46},

©3(qa0, @) = g5 W3(qeo, @) =0 inale,

03(qa1, @) = qu W3(qa1, @) =w zaac{107, 111},
03(Q41, @) = Qo V3(qu1, @) =w za ae{75, 79},
03(Qa1, @) = q, W3(qu1,@) =0 inade,

03(qaz, @) = Qa2 V3(Qa2, @) =w zaae{107, 11 1},
03(qa2, @) = Gas V3(Qaz, @) = e zaae{l11, 15, 43,47},
03(qa2, @) = qg, y3(qaz, @) =0 inace,

03(qe3, @) = Qa3 W3(qa3, @) =w zaac {251, 255},
({)3((]43, a) Q42 \113((143, a) W Za ac {123, 127},
03(q43, @) = Qas W3(qes, @) = e zaae{31, 63},
03(qe3, @) = Qg V3(q3, @) =0 inale,

03(qas, @) = Qs Y3(qas, @) = w za ac {66, 67,75, 98, 99, 107},
03(qus, @) = Qo V3(Qas, @) =w za ac {194, 195, 203, 226, 227, 2353,
03(qa4, @) = Qas W3(qas, @) =w zaa= 106,

03(qas, @) = Qi3 W3(Qus, @) =w zaa =234,

03(qus, @) = Q5. W3(qus, @) =0 22 a{10, 42},

03(qas, @) = qy, W3(qes, @) =0 inale,
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03(qas, @) = Qs Wa(qes, @) =w zaa =107,
(Ps(q45, a) Q43 Ws(q45, a) =w zaa =235, Py 4
(p3(q45’ a) = qF1 \V3(q45’ a) = 0 za ae{l 1) 43}’

03(qes, @) = Q5 Wa(Qes, ) = 0 imace,

05(qss, ) = Qa7 V3(Qes, ) = 1 za a< {82, 83, 91, 114, 115, 122, 123, 210, 211, 216, 219,
217, 242, 248, 249, 250, 251, 243},

03(q4s, @) = Qas W3(Qus, @) = € zaae beAlb= ao+a12+a222+a323+a.424+a525 +ag2%+aq2’,
a =1},

03(Q46, @) = Q5, W3(Gss; @) =0 inace,

03(qa7, @) = Qa7 Y3(Qar, 9) =W za ae {104, 105, 107, 232, 233, 235},
03(qa7, @) = Quz W3(Qa7, @) =W zaac{248, 249, 251},

03(q47, @) = Qa7 W3(Q7, Q) =n zaa=123,

03(qu7, @) = gs1 W3(Qe7, @) =s zaa =41,

03(q47, @) = 5, W3(Qu1, ) =0 za ac{ll, 43},

03(q47, @)= Qg W3(qe, @) =0 inace,

03(qas, @) = Qso Wx(qes, @) =€ za ac{31, 63},
03(qas, @) = Qag Y3(Qes, @) =w za'a =255,
03(Qus, @) = Quo Wx(Qus, @) =w zaa =127,
03(qse, @) = Q5 W3(Qss, @) =0 inale,

03(qus, @) = Gso W3(Quo, @) = e zaae{11, 15,43, 47,31},
@3(Qus, @) = Quo W3(quo, @) =w zaae {107, 111},
03(qes, @) = Q5 W3(Qes, @) =0 inale,

03(qse, @) = Qa7 Wx(Qso, @) = 1 za a {248, 249, 251},
@3(qse, @) = Qso W3(Qse, ) =€ za ac{beA|b= ao+a12+a;22+a323+a424+a525 +ag28+as2’,
a= 1},

03(qse, @) = Q5 W3(qs0, @) =0 inale,

03(gs1, @) = qs1 y3(gs1, @) =w zaae {66, 67, 75, 98, 99, 106, 107, 111, 110, 102, 103, 70,
71, 79, 82, 83, 122, 123, 114, 115, 91},
¢3(gs1, 9) = qg, yi(gs1, a) =0 zaae {10, 11, 14, 15, 46, 42, 43,47},

03(qs1, @) = Qg, ys(gs1, a) =0 inage.
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Automat As = (A, Qs, B, ¢s, s, qi, Qr) je definisan na sljedeci nadin:
Q5 = {q: | iG{l, 2, cees 49}} () QF R

0s(q1, @) =q2 ws(qi, @) =w za ae {80, 208, 224, 240, 64, 96, 112, 1923},
os(q1, @) = qg, Ws(q1, @) = 0 inace,

0s(qz, @) = qs Ws(qz, @) = e za ac {18, 22, 146, 150},

0s(q2, @) = qs Ws(q2, @) =n za a = 148,

05(qQz, @) = G Ys(qz, @) =5 za ac{ beA| b = agtai2+a;2"+a;2°+a2 ras2 a2 +ar2, &
=0,a=1, a3=1},

05(q2, @) = @2 Ws(q2, @) =s zaae{ beA|b= apta2-+a2 +a; 2% +a2 ras23+ag2%+as2", ap
= 0, a = 1},

05(qz, @) = qz Ys(qz, @) =w zaae{ beA|b= ag+a 2+a;22+ 232 +a2 +as2 +ag2%+a72’, a3
= 0, a = 1},

(Ds(Qz, a) = qFo \VS(q2> a) =0 maée:

05(qs, ) = q3 Ws(qs, @) =n zaac{ beAlb= ao+a'12-i-a2>22~i-a32:?‘+a42"‘+a525 +ag2%+a2”) a4

= 1, a7=0},

0s(q3, @) = @ Ys(qs, @) =e zaae{ beA|b= a0+al2+3222+3323+a424+3525+8626+a727, a;
=1},

05(qs, @) = q4 Ws(qs, @) =s zaac{beA| b= apta2+a,2%+a;2°+a,2 ras2> +ag2%+as2’, a;

=0, a3=1, a4=0},
0s(qs, @) = qg, Vs(ds, @) = O inace,

0s5(qs, @) = Q4 Ws(qs, @) =5 zaac{ beAlb= ap+a 2+a,22+a; 2% +a,2" +as2’ +ag2%+a72", a
= 1, a3~ 1},

05(qs, @) = q4 Ws(qs, @) =€ zaac{ beA|b= apta;2+a2 +a; 2 +a2 +as2’ +ag2%+a72’, a
=1, a,=0},

05(q4, @) = q2 Ys(qe, @) =w zaac{beAlb= ao+a12+a222+a323+a424+a525+a626+a727, a;
=0, 3=0, as=1},

05(q4, @) = g5, Ws(qs, @) =0 inale,

05(qs, @) = g6 Ws(gs, @) =w za ac {208, 212},

05(qs, @) = qis Ys(gs, @) =w za ac {80, 84},

0s(qs, @) = qs Ys(qs, @) =e zaac{ beA|b= apta2+a;2>+a; 2> a2 ras2 +ag2+as2’, a
= 1’ ao = 0},

0s(qs, @) = q5, Vs(Gs, @) = 0 inale,

05(qs, @) = Gs Ws(gs, @) =w za a€{255, 223, 214, 215, },
05(qs, @) = q7 Ws(gs, @) = € za ac {22, 23, 31, 150, 151, 159},
05(qs, @) = qi3 Ws(ge, @) =w zaac{127, 95, 86, 87},

0s(gs, @) = q5, Ws(qs, @) =0 inale,

50

e



0s(q7, @) = qs Ws(qr, @) = n za ac {208, 212, 240, 244, 248, 252}, ;
os(dr, @) = 7 ys(qr, @) =€ zaac { beAl b= atar2-+a;2* a2 +a2 a2 a2 +ar2’, ay
= 1}; '

0s(a7,@) = g, Ws(q7, @) =0 inace,

05(qs, @) = o Ws(qs, @) =w za ae {208, 212, 240, 244},

©s(qs, @) = gs Ws(qs, @) =w za ac{248, 252},

05(as, @) = Qo Ws(qs, @) = € za ac {74, 78, 202, 94, 206, 218, 106, 110, 234, 126, 238,
250, 210, 242},

05(qs, @) = gz Ws(qs, @) = € za ac {214, 246, 222, 254},

0s(Qs, @) = 5, Ws(gs, @) =0 inace,

(PS(q9, a) =q9 w5(q97 a) =wzaac {2147 246}3
0s(qo, @) = g6 Ws(qs, @) =w zaae {222, 254},
0s(q9, @) = g5, Ws(qo, @) =0 inale,

05(q10, @) = qro Ws(quo, a) =€ zaae {98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198}, :

- @s(q10, @) = qu Ws(qo, @) =W zaae {112, 116, 244, 240, 80, 84, 208, 212},

0s(quo0, @) = Qr, ws(qio, @) =0 inace, :

0s(qu, @) = qu Ws(Qu, @) =w za ae {98, 102, 118, 246, 66, 70, 86, 214, 242, 210, 226,
230, 194, 198, 146},

0s(qu, @) = qiz Ws(Qui, @) =W zaae{ 74, 78, 94, 218, 106, 110, 126, 250, 254, 222, 202,
206, 234, 238},

0s(qi1, @) = g, Ws(qu, @) =0 inale,

os(Qiz, @) = Qiz Ws(qua, @) = W 2a ae{255, 223, 215, 251, 219, 211, 79, 71, 111, 107, 75,
67, 214, 66,210, 203, 207, 194, 195, 235, 239, 198, 199},

0(qiz, 4) = Qs Ws(qQuz, @) = € zaae{22, 23, 31, 150, 151, 159},

0s(Qiz, @) = Qis Ws(Quz, @) =n za ae {18, 19, 27, 146, 147, 155},

0s(q12, @) = g, ys(quz, @) =0 inace,

os(q3, @) = Qi3 Ys(qu3, @) =w zaae {211, 67, 210, 66, 255, 223, 70, 71, 107, 75, 215,
111,79, 219, 251, 214, 194, 195, 198, 199, 203, 207, 235, 239},

(ps(q13, a) = (14 \]Is(qn, a) =e zadaec {22, 23, 31, 150, 151, 159},

0s(qu3, @) = Qis Ws(qu3, @) =n zaae {18, 19, 27, 146, 147, 155},

0s(q13, @) = g, Ws(quz, @) =0 inale,

0s(Qu @) = Qs Ws(qQue, @) =1 za @< {210, 211,219, 218, 250, 251, 242},
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05(q14, @) = qua . Ws(qus, @) =€ zaac{ beA| b= ao+a12+a222+a323+a‘424+a525+a626+a727,
a = 1},

¢5(q14, @) = qus Ys5(qu4, @) =0 inale,

os(qus, @) = Q15 Ws(qus, @) =w za ac {248, 232, 104, 105, 249, 233, 219, 217, 201, 73, 67,
195, 211, 214, 66, 194, 210, 216, 200, 72, 107, 235, 75, 203, 215, 255, 223, 251},

(ps(qls, a) =q1s WS(QIS, a) =nz 06{18, 19, 24, 25, 27, 146, 147, 152, 153, 155},

os(qus, @) = Qi Ws(qis, @) =e za ae {22, 23, 31, 151, 150, 159},

os(Qs, @) = Q7 Ys(qis, @) =e zaae{2,3, 11},

©s5(qus, @) = qu7 Ws(qis, @) =s zaac {8, 9},

os(qs, @) = qg, Ws(Qus, @) =0 inace,

os(qis, @) = Qs Ws(qus, @) =1 za ac {210, 211, 216, 217, 219, 248, 249, 251},

0s(Qis, @) = Qie Ws(qQus, @) =e zaac{ beAlb= ag+a2+a2%+as2+a 2 ras2 +ag2+as2’,
a =1},

0s(qus, a) = Qr, ys(qus, @) = 0 inace,

0s(q17, @) = qus Ws(q7, @) =n za ae {80, 84, 86, 112, 116, 118, 120, 124, 126, 127},
¢s5(qQ17, @) = Q7 Wys(qu7, @) =s zaac{ beA|b= 30+al2+3222+3323+a424+a525+a626 +a72",
aq= 0},

@s(Qi7, @) = qu7 Ys(Qi, @) =€ zaac{ beAlb= agta 2+a2 a3’ +a2 a2’ +ag2b a2’
a = 1},

os(qu7, a) = Qg ys(qu7, a) =0 inade,

os(qus, @) = Qg Ws(qQus, @) = e zaac {43, 47, 107, 111, 127, 255, 254, 126, 246, 214, 63,
31, 62, 46, 42, 11, 15, 30, 14, 10, 106, 110, 66, 70, 98, 102, 118, 86},

0s(qis, @) = Qs Ws(qQus, @) = 1 za ac {56, 60, 184, 24, 28, 152, 120, 124, 112, 116, 80,
84},

9s(Q1s, @) = Qo Ws(qQus, @) = e za ac {26, 27, 58, 59, 154, 155, 158, 159, 186, 187, 190,
191, 210, 242, 250, 251},

os(qQus, a) = Qo Ws(qis, ) =w za ac {208, 212, 240, 244, 248, 252},

9s5(q1s, @) = G2z Vs(qQus, a) =w za ac {72, 200, 216},

¢s(Qis, @) = qg, Ws(qs, @) =0 inale,

(ps(qlg, a) =18 \|15(q19, a) =nzadac {30, 31, 62, 63, 86, 118, 126, 127},

0s(qus, @) = Quo Ws(Qus, @) = w za ae { be Al b = agta;2+a;2"+a;2 +a2*+as2’+ag2’+as2,
as =1}, ,

0s(Qis, @) = q, Ws(Qs, @) =0 inade,

0s(qa0, @) = Gzo Ws(Go, @) = € za ac {234, 235, 250, 251, 254, 255, 242, 246, 106, 107,
210, 214},

@s(qz0, @) = Qa2 Ws(qao, @) = n za ac {240, 248, 249},
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05(qa0, @) = Qa1 Ws(qao, @) =W zaac {104, 105, 96, 208, 192, 224, 232, 233},
0s5(qa0, @) = qpo» Vs(q20, @) =0 inace,

0s(qa1, @) = qz2 Ws(qa, @) = n zaae{26, 27, 58, 59, 154, 155, 186, 187, 210, 242, 250,
251},

0s5(qz:, @) = qu Ys(qa1, @) =w zaac{106, 107, 234, 235},

¢5(qa1, @)= q, Ws(qa, @) =0 inale,

05(qz, @) = G2 Vs(qz, @) = w zaac {214, 66, 194, 210, 216, 200, 72, 107, 235, 75, 203,
215, 255, 223, 251, 219, 217, 201, 73, 67, 195, 211, 248, 232, 104, 249, 233, 105},
05(qQz2, @) = Q2 Vs(qaz, @) = n za a€{18, 19, 24, 25, 27, 146, 147, 152, 153, 155},
05(qa2, @) = Gaa Ws(qa, @) = w zaae{99, 227, 95, 127, 83, 115, 242, 243, 87, 247, 119,
91, 123, 98, 226, 82, 114, 86, 118, 246},

(ps(qgg, a) = (23 \Vs(qu, a) =e zaac {22, 23, 31, 63, 150, 151, 159},

0s5(q22, @) = qg, Vs(qz2, @) =0 inale,

0s(qz3, @) = qz2 Ws(qus, @) =n zaae{210, 211, 216, 217, 219, 248, 249, 251},

95(q23, @) = q23 Ys(q3, a) =e zaac{ beAlb= agta2+a,2%+a;2° a2 ras25+ag2%+as2’,
ar= 1}, )
054, @)= q5, Vs(qm, @) =0 inade,

05(qQae, @) = q2e Ws(qas, @) =W za ac{66, 67, 98,99, 75, 107, 102, 70, 71, 103, 79, 11},
03(qas, @) = Gas Ws(que, @)= s za ac {106, 42, 10,234, 110, 46, 14, 250, 122, 126,254,
62, 30},

0s(q2s, @) = qg, Ws(q24,a) =0 inace,

05(qzs, @) = Gas Ws(Gas, @) = w za ac {66, 98, 255, 127, 254, 126, 214, 86, 246, 252, 244,
212, 124, 116, 84, 111, 110, 102, 70, 120, 112, 80, 107, 106, 118},

¢s(qzs, @) = Q25 Ws(qes, @) = s Zaae {30, 62, 10, 42, 28, 60, 46, 14, 24, 56},

@s(qzs, @) = qas Ys(qzs, @) = e zaae {63, 31, 43,47, 11, 15},

05(qas, @) = Q27 Ws(qas, @) =w za ac{194, 198, 226, 230, 234, 235, 238, 239},

¢s(qzs, @) = qg, Ws(ds, @) =0 inale,

0s(qzs, 2) = Gas Ws(qus, 3) = s za ac {106, 110, 120, 124, 126, 248, 252, 254},

95(q26, @) = Q26 Ys(qz6, @) =€ zaac{ beA|b= ao+a12+a222+a323+a424+a525+a626+a727,
a =1},

0s(qz6, 2) = q, Ws(qze, 2) =0 inale,

¢s(qz7, @) = Q27 Ys(Qr, @) =w iaae {250, 251, 210, 242, 255, 214, 246, 254},
05(qz7, @) = Q7 Ws(qr, @) = s zaac {30, 26},
0s(qz7, @) = Qus Ws(qar, @) = s zZaae{31, 27},
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©5(q27, @) = Gz0 Vs(qa7, a) = € zaac{18, 22},
05(q27, @) = @0 Ws(qzr, @) =n zaa=20,
0s(q27, @) = qg, Vs(qz7, @) =0 inale,

05(qas, a) = qas Ws(qas, a)=ezaac {30, 31, 214, 246, 254, 255},
(ps(ng, a) = (a7 Ws(ng, a) =w zade {208, 212, 240, 244, 248, 252},
@s(qas, @) = Qzo Ws(qQas, @) = e zaa =22,

05(q28, @) = q5, Ws(qas, a) =0 inage,

0s(qz9, @) = @30 Ws(qQas, @) = n za ac {208, 212},
0s(q29, @) = Qo Ws(q29, @) = € zaa =214,
0s5(Q25, @) = q5, Ws(q29, ) =0 inade,

05(qs0, @) = qa1 Ws(qQso, @) = e za ac{215, 87, 71, 67, 83, 211, 195, 115, 243, 227, 247,

119, 103, 99},

(PS(q3o, a) = Gzo Ws(Qs0, @) =1 za ac { beA| b = agta;2+az2 242,23 +a2 a2 +as2%+as2’,
=0},

(PS(Clso, a) = Qa0 Ws(Qs0, @) =e zaac{beAlb= apta 2+a;22+as2°+a2 a2 +as2%+a.2", a;

= 1’ Q= 0}’

@s(qs0, @) = g5, Ws(qa0, @) =0 inale,

0s(qs1, @) = G2 Ys(Qs1, @) = w za ae {200, 201, 232, 233, 216, 217, 248, 249},

0s(qa1, @) = @37 Ys(Qs1, @) = w za ac {72, 73, 104, 105},

@s(qs1, a) = @31 Ys(qs1,a) =€ za ac{beA| b= ay+a2+a2 +3323+a424+a525+a626 +a727,
Q= 1}

@s(qs1, @) = q5, Ws(P1,@) =0 inage,

@s(q32, a) = Q32 Vs(qs2, a) =w zaae {210, 211, 242, 243, 219, 251, 214, 246, 255, 223,
247,215},

0s(qs2, @) = Qs Ws(qaz, @) = w za a{91, 95, 82, 83, 115, 86,87, 119, 114, 118},
0s(qs2, @) = Qas Ws(qs2, @) = e za a€ {30, 62},

0s(Q32, @) = G35 Ws(Qa2, @) = w za ae {122, 126},

Os(qs2, @) = Q34 Ws(Qa2, @) = w za ae {123, 127},

@5(Qs2, @) = Gss Ws(qs2, @) = w za ae {250, 254},

0s(qs2, @) = qr, Ws(Q32, @) =0 inale,

05(Q33, @) = q33 Ys(qs3, @) = w za ae {66, 67, 70, 71, 98, 99, 102, 103},
0s(q3, @) = qas Ws(Qs3, @) =w zaae{106, 110},

¢s(q33, @) = Q30 Ws(qs3, @) = e zaac{10, 14, 42, 46},

@s(s3, @) = Q5 Ws(qss, @) =0 inade,
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©s(qss, @) = G34 Ws(qas, @) =w zaae{107, 111},
(p5(q34s a) =(s3 WS(q34’ a) =W zaae {75, 79}:
03(qs4 @) = g, Ws(qs, @) =0 inale,

0s(qss, @) = Qs Vs(gss, @) =w zaae{107, 111},
©s(qss, @) = Qa9 Ws(Gss, a)=e zaac{l], 15, 43,473},
©s(qss, @) = 5, Ws(qs, @) =0 inade,

05(qss, 9) = Q6 Ws(qse, @) =w zaae{251, 255},
©s(qss, @) = qss Ws(qss, a)=w zaac{123, 127},
0s(qs6, @) = Gz Ws(Qss, @) = € 28 a€ {31, 63},
@s(qs6, @) = q, Ws(Qss, @) =0 inade,

¢s5(qs7, @) = Qz7 WUs(qs7, @) =w zaac {66, 67,75, 98,99, 107},
¢s(qs7, @) = Qa2 Ws(Qs7, @) =w zaae {194, 195, 203, 226, 227, 235},
¢s(q37, @) = Gss Ws(qs7, @) =w zaa = 106,

0s(qs7, @) = Qs Ws(qs7, ) =w zaa =234,

©s5(qs7, @) = Qas Ws(q7, @) =s zaac{10, 42},

@s(ds7, @) = Qg Ws(qs7, @) =0 inace,

¢s(qss, @) = qas Ws(qQss, @) =w zaa =107,
¢s(qss, @) = qss Ws(qss, @) =w zaa =235,
0s5(Qas, @) = qus Ws(Gss, @) =s zaac{11, 43},
@s(qs, @) = qp, Ws(qss, @) =0 inale,

@s(qas, @) = Qao Vs(qQss, @) =1 za ac {82, 83, 91, 114, 115, 122, 123, 210, 211, 216, 219,
217, 242, 248, 249, 250, 251, 243},

@s(qse, @) = Qa0 Ws(qao, @) =€ Z2 ac{beAlb= ao+a12+a222+a323+a424+a525+a626+a-,27,
a = 1},

0s(q39, @) = q, Ws(qas, @) =0 inate,

@s5(q40, @) = Quo Ws(qQao, @) =W za ae {104, 105, 107,232, 233, 235},
¢5(quo, @) = Qa1 Ws(qQao, @) =W zaae {248, 249, 251},

@s5(qQao, @) = 040 Ws(Qao, @) =n zaa =123,

@5(qe0, @) = Gas Ys(Qao, @) =s zaa=41,

©5(qao, @) = Gas Ws(quo, @) = s zaac {11, 43},

©s(qao, @) = g5, Vs(qeo, a) =0 inale,

05(qa1, @) = Qa3 Ys(qa, @) = e zaae{31, 63},
05(qa1, @) = Qa1 Ws(qar, @) =w zaa =255,
0s(qa1, @) = Gaz Ys(qa1, @) =w zaa =127,
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05(q41, @) = q5, Ws(qa, @) =0 inade,

05(qaz, @) = Qa3 Ws(Qa, ) =e zaae{ll, 15,31, 43,47},
05(Qaz, @) = Gz Ws(Qe, @) =w zaa< {107, 111},
05(q42, @) = g, Ws(qea, @) = 0 imale,

05(qa3, @) = Qao Ys(Qas, @) =1 zaae{248, 249,251},

05(q4, @) = Qa3 Ws(qus, a)=e zaac{ beA|b= ao+a12+az22+a323+a424+a525+a(,26+a727,
a1 = 1},

05(qus, @) = g5, ¥5(qe, @) =0 inace,

05(qQa4, @) = Qs Ys(gas, @) =W Zaac {66, 67, 75, 98, 99, 106, 107, 111, 110, 102, 103, 70,
71, 79, 82, 83,122,123, 114, 115, 913},

@5(qa4, @) = Qas Ys(Gas, a)=s zaa<{10, 11, 14, 15, 42, 43, 46, 47},

@5(Q44, @) = 5, Ws(Qas, a) =0 inale.

@s(Qus, @) = Qas Ws(Qas, @) =1 za a€{26, 27,31, 18},

95(qas, @) = Qas Ws(qQas, @) = s zaae{ beAlb= ao+a]2+21222+a323+a424+21525 +ag28+as2’,
as =0},

©5(qss, @) = Qus Ws(Qss, @) =w zaac{ beAlb= agtai2+as22+a;2 a2 a2 +ag2+as2’,
as =1},

@s5(Qss, @) = g5, Ws(Qss, a) = 0 inale,

05(qus, a) = Qus Ws(Qes, ) =€ Z2 ac{l11, 31,255, 107},
05(qas, @) = Qas Ws(Qas, @) =n za ac {24, 25, 28, 29},
©5(Qas, a) = Qas Vs(Qas, @) =€ zaae {10, 30, 106, 254},
05(Qas, @) = Qa7 Ws(Qas, @) = n za a€ {248,249},
05(qas, @) = Qa7 Ws(Qas, @) =w za a€{252, 253},
©5(q46, @) = g, Ws(Qes, @) =0 inale,

05(qa7, @) = Q7 Ws(qar, @) =w za ac {248, 255, 252},
@5(q47, @) = Qa6 Ys(Qer, @) =n zaa=31,
05(q447, @) = Qg V5(q4, a) =0 inace,

05(Qs, @) = Qs Ws(qas, @) = € za ae {11, 31, 107, 255, 214, 246, 66, 98},
©5(Q4g, @) = Quo Ws(Qas, @) = n za a< {208, 248, 240},
Os(qss, @) = q, Ws(qes, @) =0 22 a€ {104, 64,96},

05(q4s, @) = q, Ws(qus, @) = 0 inace,
©5(qas, @) = Quo Ws(Qao, @) =w za ac {104, 248, 107, 255},
©5(qas, @) = Gus Ws(quo, @) =nzaa =31,
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0s(qe, @ = a5 Ws(qw, @) =0zaa=1l,
95(Qao, @) = qvpo Ws(qao, @) = 0 inale.

Automat 47 = (A, Q7, B, ¢7, W7, q7, Qp) je definisan na sljedei nacin:
Q7 = {q; | iE{l, vees 10}} |\ QF

¢Aq1, @)= Q2 Wi(qi, @) =w zaa =208,

01q1, @) = @ wi(q, @ =n zaae{16,20},

¢07q1,a) = s Y1(q1, @) =w zaa =212,

¢”(q1, @)= g5, VAq1,2)=0 inate,

07(q2, @) = q2 Wi(qe, @) =W zaac {214, 248, 255},
¢7(qQ2, a) = qs Y1(qQ2, Q) =W zaae {124, 252},
07qz, @) = @3 Wr(q, @) =n zaae{22,31},

01qQe, @) = Qs Y(qe, @) = e zaae{10, 14},

07qz, @) = @2 W(q2, @) =n zaae {24, 28},

¢7qz, @) = a5, VAq, ) =0 inace,

01qs, a) = g3 W1(qs, @) = ¢ zaae {31, 255},
073, @)= Q2 V1(qs, @) =n zaa =248,
07, a) = qs y1(q3, @) =e zaae{11, 15},
0Aqs, @) = qs Yr(qs, @) =w zaa =252,
073, @) = q5, WA(gs, @) =0 inale,

0#q4, @) = qs V7(qs, @) =w zaa€ {107, 111, 127, 214, 255},
07qs, @)= qs Y1(qs, @) =€ zaa<{11, 15},

07(qs, @) = Qs Y7(qs, @) =n zaae{22, 313},

¢74qs @)= a5, Y(qs, @) =0 inale,

0(gs, @) = 4s YA(gs, a) =€ zaac {11, 15, 86, 106, 107, 111, 110, 127, 126, 254, 255,
214, 246, 66, 70, 98, 102, 118},

9«qs, a) = qs W7(qs, @) =n za ac {80, 84, 112, 116, 124},

o1(gs, @) = q7 y7(qs, @) = w za ac {208, 212, 240, 244, 252},

¢Ags, @)= a5, VY7(ds, @)= 0 inace,

06, @) = Q6 Y(ge, @) = € zaac{43, 47, 107, 111,126,127, 254, 255, 246, 214, 63, 31,
62, 42, 46, 11, 15, 10, 14, 66,30, 70, 106, 110, 98, 102, 86, 118},

0+(qs, @) = Q6 W(qe, @) =1 zaac {56, 60, 24, 28, 80, 84, 112, 116, 120, 124, 152, 184},
076, @) = Q7 Y7(ge, @) = W za ac {208, 212, 240, 244, 248, 252},

¢7qs, a) = qs Y7(gs, a) =€ zaac {158, 159, 190, 191},

¢7gs, a) = Qo Y7(gs, @) =w za ae {72, 216},
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07(gs, A = q, Wr(gs, @) =0 inale,

o7(q7, a) = e W{(qr, a)=n zaae{62, 63, 30, 31, 126, 127, 86,.118}, -

0Aq7, )= qr yA(qr, @) =w zaae{ beA|b= ao+a12+a222+2132?'+a424+a52S +ag2%+a;2", as
=1},

07(q7, @) = g5, Wr(qr, @) =0 inale,

¢7(qs, @) = qs W1(qs, @) = e za ac {214, 246, 254, 255},

07(qs, @)= qo W(gs, @) =n za a< {208, 240, 248},

(P7(q8> a) = qFO ‘l’7(q8> a) = 0 inaée:

079, @) = G0 W(go, @) = W za ae {66, 67, 104, 75, 107, 255, 214, 215, 223, 248},
07(qs, @) = qro Y(Qo, a) = n zaae{22, 23,31},
01(a, @) = g, Wr(Qs, @) =0 zaae{2,3, 11},

07(99, @) = q, Wr(Qs, @) = 0 inale,

07(quo, @) = qio Wr(quo, @) = € zaae{11, 31, 107, 255},
07(q10, @) = Qo W7(quo, @) =1 zaa =248,
07(qu0, @) = q, Wr(quo, @) =0 zaa = 104,

¢7(qi0, @) = g, V7(quo, a)=0 inade.
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V Prepoznavanje klasa Co, C4, Cs; Cs; Co

) 2 . {1, z+(@,)) €K, . .
Neka je z € K ¢ Z°. OznaCimo sa z;j = o ", 1,7 € {0,1,-1}.
0, z+(i,)) ¢K

Jasno da zg, ) = 1. Neka je O(z) = (Z, -1, Z1, 0, 1, 1, Z0, -1, Z0, 1, %1, . %1,0, 1, 1) €
{0,1}% okolina tatke z € K, 10 (2) = {z+G,J) |zap = L i€ {O,1-1}}.

Nekasu a = {wy, .,wp} €D, 1<p<4,i A € N, A > 2. SaL(a, xo, A) oznafimo
sljedeéu familiju inicijalnih 7-lavirinta (c, x0), gdje je

GH{1}) = [xo, Xo + AWi] U ..U [0, X0 + Awp] Ofxo + Aw) L...0 Of(xo + AWp),
i O(xp +Aw;) takvi da vazi:
ako jew; = e, tada O(xo +Awi) = (%, %, * *x *0,1,0),
ako jew; = n,tada O(xo +Awy) = (0, %, *, 1, * 0, *, %),
ako jew; = w, tada O(xo +Awy) = (0, 1,0, LA §
ako je w; = s, tada O(xo +Aw;)) = (%, *,0, *1,%,%0),
gdjeje * € {0, 1}. _ .
Tatke xo + jw; oznatimo sa w7, j € {1,.., A}, i€ {1, ., P}

i

> 2 3

Sa L(a, X, A, O, ...,Op) oznaimo inicijalni n-lavirint iz familije L{(a, Xo, A), kod koga su .

zadate odgovarajuce okoline "krajnjih" tataka O; = ow),ie {1, ..., p}
Sa V(a) ozna&imo skup {xo, Wi, ..y W'} : A
Lema 2. Nekaje A = (A, Q; B, ¢, ) pjesak, takav da | Q|| >3 inekad = lQllt. Tada
zasveqe Q,a = {w, .,wppcD,n,me N, ako je st(r', V(a)) definisano tada st(,
V(@) = st(r', V(@), pl(', V(@) = pl(x, V(@), gdie je &= = T(Aq Lia, X, A, Oy,
.0p), T = T(Aq, LAa, Xo, m), Oy, ...,0p).
Dokaz: Dovoljno je dokazati da tvrdenje leme vaZi zam = L.
Ako je pl(r', V(a)) = Xo, tada razmortimo dva slu¢aja:
1) Automat A nije posjetio tatku w !,
2) Automat A je posjetio tatku ws" ™,
zanekos € {1, ..., p}.
Ako vazi 1) tada je jasno da pl(n, V(@) = xXoi st(x, V(a)) = st(x', V(a)). Razmotrimo
slucaj 2).
Neka je
q* = st(r, w), 0 < k'<A-1,
Q@ = st(n, w), 0 <k"<nA-1
(za sada ne mozemo tvrditi da vrijednosti q2X, 1 < k" < nA-1, postoje, ali to ée biti jasno
iz onoga §to slijedi).
Primjetimo da je q* = q*, zasve 0<k<A- L
KakojeA -2> ||Q||, tojeq” ! = q,zanekok € {2, ..., A-2}.
0d tuda q;° je definisano (i odredeno), A - 1 <k" < n\. Neka je kmax = max{ k € {2, ..., A
_2} gt = q*}. Tadaje A-1-kum< | Q] ipritome

A1 _ o A-1+ji-1- Koo . + .
qz Q2 m,zasve]eZ,takvedaA,-lﬂ(k-l—km)<nk.
Ovo posljednje vaziizaj = Mn~1) /(A -1 - Knax ), ti. =@ttt = g™
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Prema tome automat A ¢e se naéi u istom stanju q = ql?L -1

Ows" ") = O(w** "), automat A ée imati i isti ulazni simbol. Kako je pl(r', V(a)) = xo,

iu ¢voru w1 Kako je 4

to se automat A "vraca" ka tacki. xo U ovom "vradanju" ka tacki Xo, u jednom-momentu -

automat A mora posjetiti tatku w;.. Sli¢no predhodnom razmatranju dokazujemo da ée
se automat A u oba lavmnta naéi u odgovarajuéim tatkama (w)u 1stom stanju.

Ako je pl(n', V(a)) = w;", tada je automat morao posjetiti tatku w1 Iz prethodnog
razmatranja dobijamo pl(n, V(@)) = W ist(n, V(a)) = st(n', V(a)). 0

Neka je s: {0,4,6,89}— {ND, DN, LN} definisana sa s(i) = ND ako je i € {0, 4, 8},
s(6) = LNis(9) = DN.

Neka jei € {0, 4,6,8, 9}

Teorema 4. Ne post011 pjesak koji prepoznaje klasu (C;, vsi)) = {(c, V)| ¢ € C;, Vi) »
s(i)-tacka skupa ¢’ "1y 3.

Dokaz: Pretpostavimo da postoji pjeSak A; = (A, Qi, B, ¢i, Wi, qo) koji prepoznaje klasu
(Ci, va), 1 € {0, 4,6, 8,9} Jasno, [|Qif| >2

Posmatrajmo podklasu C; klase C;,i € {0, 4, 6 8, 9}, definisanu na sljede¢i na¢in:

Akojei = 0,tada:
Nekasuz = (x;,vi) € Z% i € {1, 2}, takvi da vaZi: 00){x2" <x,-1, y,>y, +1
Tada
{23,
K, =2 = (x}x[y1, yal Ofxe}xly, y2] © [X2, xa] x{y1} © [x2, x1] x{y2}

Klasu Cy definiSemo sa

= {cZ’>E)c'({1}) = K iz 21, Z; zadovoljavaju uslov 00) }.

Definiimo lavirint Lo = (Vo, Eo) sa: Vo = {vo, v1, V2, 3}, B0 = {<wo, vi>, <wp, >, <
Vo, V3>, <v3, >} 1 [(vo, V)| = W, [(vi, v)| = m,|(v2, v3)l = e, |(v3,W0)| = 5.
Primjetimo da je Lo n-stepenica (odnosno e-stepenica).

Akojei = 4,tada:
X, <x;~-1, y,>y,+],
Nekasuz = (x,vi) € Z,i € {1, .., 4}, takvida vazi: 04){x;>X,, ¥;=Y,,

Xy =X, Ye <Y1
Tada

KW = iy, val Uiy, il U [ xal x{ U [k, 1] x(ya} © [xi, %]
x{y2} U {X1}x [y, 1] -

Klasu C, defini$emo sa

= {cZ?5E (1)) = K iia 71, 7,73, Z4, zadovoljavaju uslove 04) }.
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Definidimo lavirint La = (Va, E¢) sa: Va = {vo, V1, V2, V3, Vs, Vs}, Ba = {< o, >, <y,
Vo>, < vz, 3>, <V3, W>, <o, Ve, <v0,v5>} 1 |(vo, W) = w, [(vi, va)[ = 1, (2, V)] = e,
1(vs, Vo). = 5, (o, va)| = & |(Vo, Vs)| = 5. :

Primjetimo da je L € Step, gdje je Step ranije definisana familija Al;virinata.

Akojei = 6,tada:
x, <X -1, Y. >Y:i+1L
X3 =X,, >y, +2,
Nekasuz = (x,y) € Z4 i€ {1, ., 5} takvida vazi: 06)3 ° ” Ys = Y2
X, >%X;+L ¥y, =Y3

Xs =X4, Y2 <ys+1l<y,.
Tada

K{:i}i:rs = (x1)xIy1, Y2l Uik} X[y, Y2l © [xa, 3] x{y1} © [xa, x1] x{y2} V{xa}x[yz, ¥3l
U [Xs, Xa] x{ya} U{xa}x[ys, y4]

Klasu Cs definiSemo sa

. ) — ..
Cs = {cZ?EY ' ({1ID=K, =13 3, 74, 23, 24, 25 zadovoljavaju uslove 06) }.

Definigimo lavirint L¢ = (Ve, Ee) sa: Vs = {Vo, V1, V2, V3, V4, Vs, vé}, Bs = {<wo, V1>, <
V1, Vo>, < Vg, V3>, < V3, Vo>, < Vi, V>, <Va, Vs>, < V5, ve>} 1l(vo, V)l = W, [(vi, m)| = 1,
(v, v3)| = & |(v3, Vo)l = 5, |(va, va)l = 1, |( Vs, vs)l = &, |(vs,ve)l = 5.

Primjetimo da je L¢ € Step.

Akojei = 9,tada:

Neka su z = (o y) € Z% i e {1, ., 5} takvi da vazi
X, <x;—L ¥, >Yi+l,

09) X; =%, ¥Y3<Y1—2
X4<Xl—2, Ya=Y3
X5 =X, y,>ys+1>y,+1L

Tada

KT =y, yal Oxadxiyn, yal U g, 3] xiya} © Bea, xa] xfya} © fuadxlys, v
U [x, %] X{y3} Uixe}xlys, 5]

Klasu Co defini§emo sa

. {z.}. — . .
Co = { c:Z'>E]| N =K, i3 21, 22,23, Z4, Zs zadovoljavaju uslov 09) }.
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Definigimo lavirint Ly = (Vs, Es) sa: Vo = {vo, V1, V2, V3, Vs, Vs, vs}, Bo. = {<wo, vi>, <
v, V2>, <V, V3>, < Vs, Vo>, < Vo, Vs>, < V4, Vs>, < Vs, ve>}il(vo, V)| = w, [(vi, ) = m,
(va, v3)| = & (Vs vl = 5, [(vo, va)| = 8, [(va, vs)l = W, [(Vs, ve)l = 1.

Primjetimo da je Lo € Step. i

Akojei = 8,tada:

— 2 . X x2<xl_la YZ>YI+1a
Nekasuz = (x;, ) € Z, 1€ {1, ..., 3} takvi da vazt. 08)
X;=X;, Y3>y,+1

Tada

Kizi}izﬁ = (xi} X[V, Y2l U} X[y, yal U [xa, xa] x{y1} © [%a, x1] x{y2} {x}xlyz, y3l

U [x2, x3] x{y2} Lixa}x[yz, sl

Klasu Cs definiSemo sa

Cs = {cZ>EY (1) = Ky "+ 21, 23, 73 zadovoljavaju uslov 08) }.

Definigimo lavirint Ls = (Vs, Eg) sa: Vg = {vo, V1, V2, V3, V4, vs}, Bo = {<wo, vi>, <V,
Vo>, < Vg, V3>, < V3, Vo>, < V3, V>, < Vg, V5>, < Vs, v>}il(vo, vi)l = W, (Vi w)| = n|(
v, m)| = € |(vs, Vo)l = 5, 1(vs, va)l = 1, |(va, vs)l = W, |(vs, ) =s.

Primjetimo da je Ls € Step.

Neka je L; lavirint dobijen iz lavirinta Li kao u Teoremi 2, gdiejen = ||Q Il.
Neka je on smjesten u ravni R’ kako je to opisano u ovoj teoremi. Iz ovako smjestenog
lavirinta moZemo, rastezanjem grana, dobiti lavirint L [14], tako da svi &vorovi
smjestenog lavirinta pripadaju 7? s korakom A; = II Q: || I. Posmatrajmo inicijalni #-
lavirint (c;, vs@y), gdi€ je ¢ ({1}) = V(L), i ponadanje automata A;unjemu. Iz Leme 2, iz
geometrije lavirinta C;, i Cinjenice da ako automat prepoznaje lavirint L, to e jedan te
isti &vor lavirinta L biti posjecen najvide “ Qi “ puta, slijedi da ¢e automat A; u jednom
momentu biti u stanju qr, - O

Teorema 5. Postoji kolektiv (A;, K;) tipa (1,1) koji prepoznaje klasu (Ci, vs)) = {(c,
Vi)l € € Ci, vegy , S(i)-taka skupa ¢*({1}) }, Ai — pjedak, i € {0, 4,6,8, 9}
Dokaz: Primjetimo iz dokaza Teoreme 2 (ili Teoreme 4), s obzirom da jedinu
informaciju: koju automat ima u bilo kom trenutku jeste okolina tatke u kojoj se nalazi,
nema informaciju da li se nalazi u "okolini" rupe ili beskona&ne (spoljne) oblasti.
Potrebna mu je jos neka informacija.
Opisimo funkcionisanje kolektiva automata (A;, K3), koji ée biti konstruisani.
Neka jei € {0, 4, 6, 8, 9}. Iz definicije klase C; slijedi da ako je ¢ € C;, to skup S'({1)
mo¥emo horizontalnim duZima izdjeliti na podskupove C;, j € (1,....k), tako da za sve j
e {1,..., ki}, postoji/ € {1,..., 9} tako da C; € @, gdje je

6, akojei=0,
ki = 45, akojei=4, ikie {9,10},akojeie {6, 9}.

12 ako jei=38.
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Nekajei € {0,4,6,9,8} Nekajec e Ci ¢({1}) =K. Primjetimo tatku z; iz definicije
elementa K. Uvijek moZemo konstruisati automat, koji polazi iz tatke vy ( nekada je to

 tadka z;) i dolazi do tatke z;. Pa 1nozemo smatrati da automat zapotinje kretanje u tacki

- z; skupa K. Kreéuéi se po skupu K, na sli¢an natin kako-to rade automati iz Leme 1, u

jednom momentu automat ( i kamen koji je stalno uz njega) nailazi na rupu. Automat
kamen K; se tada "razdvaja" od automata, pamteéi da je automat A; bio u toj tatki. U
daljem ponadanju automata A; zahtjeva se da u obilasku rupe u jednom te istom smjeru,
on ponovo posjeti tu tadku, tj. automat A; obilazi rupu.

Konstruidimo kolektive S; = (A;, Ki),i € {0, 4, 6,9, 8}.

U opisu automata A;, smatra¢emo da postoji "prioritet" medu ulaznim simbolima
nekog stanja tog automata, definisan sa "predhodno opisan". Takode ¢emo u opisu
automata A, izostaviti kod stanja automata kamena K, osim u onom dijelu gdje
funkcionisanje automata A,, zavisi od "prisustva" automata kamena K;.

Kolektiv So = (4o, Ko) je definisan na sljede¢i nadin:
Qo = {qi | ie{l, cees 40}} () Qp,

®o(q1, @) = qa Wo(q, @) =n zaa =148,

0o(q1, @) = G2 Yo(q1, @) = w za ae {208, 212},

0u(q1, @) = Qo Yo(q, @) =w zaac{80, 84},

®o(q1, @)= g5, Wolq1,a) =0 inale,

0o(q2, a) = G2 Wo(qa, @) =w za ae {255, 223, 214, 215, 3,
0o(q2, @) = @3 Vo(qz, a) =e zaae {22, 23, 31, 150, 151, 159},
0o(q2, a) = @0 Wo(qn, @) =w zaac {127, 95, 86, 87},

©o(qz, @) = g, Wo(qz, @) =0 inale,

0(Q3, @) = Qs Wo(qs, @) = n za ac {208, 212, 240, 244, 248, 2523,

0o(Q3, @) = @3 Wo(qs, @) =€ zaac{beAlb= agta;2+a.2% a2 ra2 a2 rag2% a2, &
=1},

@93, @) = q5, Wo(Qs, @) =0 inale,

®o(qs, @) = qs Wo(qs, @) =W za a€ {208, 212, 240, 244},
044, @) = @2 Wo(qe, @) =W za a€ {248, 252},

0o(q4, a) = Qs Wo(qs, @) = e za ac{74, 78, 202, 94, 206, 218, 106, 110, 234, 126; 238,
250, 210, 242},

0o(qs, @) = Qs Yo(qs, @) = € za ac {214, 246, 222, 254},
0o(qQs, @) = Qo Yo(qs, @) =W za ac {120, 124},
®o(qs, @) = q, Wo(qe, @) =0 inade,

0o(qs, @) = Qs Yo(qs, @) =w za ac {214, 246},

00(qs, @) = @z Wo(qs, @) =w za ac {222, 254},

Po(gs, a) = Qs, vo(gs, a) = 0 inale,
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0o(ds, @) = G6 VolGe, @) = ¢ za ac {98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198},

oolas, @) = 47 Wole, @) = w za ac{112, 116, 244, 240, 80, 84, 208, 212},

0o(Gs, @) = q5, Wogs, @) =0 inale,

oolar, @) = a7 Volqr, @) = w za ac{98, 102, 118, 246, 66, 70, 86, 214, 242, 210},
oo(qr, @) = as Wolar, @) =w za ae {74, T8, 94,218, 106, 110, 126, 250, 254, 222},
(po(q7, a) =q7 \yo(q7, a) =W zaac {194, 198, 226,230},

(po(q7, a) =qs \Vo((]7, a) =w zadac {202, 206, 234, 238},

(Po(Q7, a) = qFO \Uo((h, a) =0 lnaée>

0o(as, @) = s Wo(as, @) = w za ae {255, 223,215, 251, 219, 211,71, 79, 111, 107, 75, 67,
214, 66, 210},

(po(qg, a) =q10 \Vo(qg, a) =eza 06{22, 23, 31, 150, 151, 159}, .

0o(qs, @) = qu1 Wo(gs, a) =n za a€{18, 19, 27, 146, 147, 155},

00(qs, @) = qs Wo(qs, @) =w za ae{194, 195, 198, 199, 203, 207, 235, 239},

Po(qs, @) = q, Wolgs, @) =0 inace,

00(as, @) = Go Wolas, @) =w za ac{211, 67, 210, 66, 255, 223, 70, 71, 107, 75, 215, 111,
79, 219, 251, 214},

(po(qg, a) =q10 \yo(qg, a) =eza ae{22, 23, 31, 150, 151, 159},

0ulas, @) = qu Wolas, @) =n za ac{18, 19, 27, 146, 147, 155},

0o, @) = Qo Yol(Gs, @) =w za ac {194, 195, 198, 199, 203, 207, 235,239},

Qo(ds, @) = q5, Wo(ds, @) =0 inale,

9o(q0, @) = Qi1 Wo(qQuo, A) =n zaac {210, 211, 219, 218, 250, 251, 242},

00(q10, @) = quo Wolquo, @) = € za ae{ beAlb= ao+a12+a222+a323+a424+a525+a626+a727,
a = l},

0oQi0, @) = g, Wo(Quo, @) =0 inale,

Oolqu, @) = Qi Yo(qii, @) =w za ac {214, 66, 194, 210, 248, 104, 232, 203, 215, 211, 67,
195, 216, 200, 72, 255, 223, 251, 219, 107, 75, 235, 249, 233, 105, 217, 201, 73},

ou(Qi1, @) = Q1 Yolqu, @) =n za ae{18, 19, 24, 25, 28, 29, 27, 146, 147, 152, 153, 155},
0olqu1, @) = qiz Wo(Qu1, @) = € za a€{22, 23,31, 150, 151, 1593,

ook, @) = Qi3 WYolqu, @) = w za a{253, 125, 221, 93, 95, 127, 88, 92, 220, 252, 124,
120, 121, 89}, ' .
0o(q11, @) = Qs Yo(qui, @) = € za ae{10, 14,30},

@oqi1, @) = qg, Wo(qut, @) =0 inade,

0oqi2, @) = Qi WolQuz» @) =1 za a€{210, 211, 216, 217, 219, 248, 249, 251},
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Qo(q12, @) = qi2 Vo(qiz, @) =€ zaac{ beA[ b= agtai2+a;2 a2 a2  ras2 +ag2 +aq 2,
a; = 1},
®o(Qiz, @) = qg, Wo(qr2, a)=0 inace,

ol @3, @) = Qi3 wolqn, @) =w zaae {107, 111, 214, 223,255, 127, 215, 95},
0o(qu3, @) = qus Wo(qu3, a) =e zaae{l11,15,7,43, 47},

Qo(qu3, ) = Qs Wo(qQu3, @) =n zaae{22, 23, 31, 63},

0o(qs3, @) = g5, Wolqns, @) =0 inale,

00(q14, a) = Que Wo(Qus, @) =€ zaac{107, 111, 79},
oolqs, @) = qis Wo(que, @) =1 72 ac {88, 89, 92, 93, 95, 125, 127, 120, 121, 124},
0o(qi4 @) = q5  Vo(qie, @) =0 inale,

0olqs, 4) = Qis Wo(qQus, @) = e za ac{246, 63, 30, 10, 14, 110, 111, 214, 66, 70, 86, 254,
126, 127, 106, 107, 43, 47, 62, 46, 42, 255, 31, 15, 11, 118, 98, 102},

0o(q1s, @) = qis Wolqus, @) = n za ac {56, 60, 124, 120, 24, 28, 112, 116, 80, 84},

0o(qus, @) = qus Wolqus, @) =w zaae {208, 212, 240, 244, 248, 252},

00(qis, @) = qi7 Wolqus, @) = e za ac{242, 247, 243, 119, 114, 115, 103, 99, 250, 251,
122, 123, 215, 210, 211, 67, 71, 87, 82, 83}, ,

@o(q1s, @) = qg, Wo(Qss, a) =0 inale,

oo(qis, @) = Q15 Wolque, @) =n za ac {30, 31, 62, 63, 86, 118, 126, 127},

0o(qis, @) = Qe Vo(Qus, @) = w za ae{ beA|lb= ao+312+3222+a323+a424+a525+a,;26+a727,
as =1},

Polqis, @) = g5, Wo(dis, @) =0 inade,

0o(q17, @) = Q17 Yol(d17, @) = e za ac {66, 67, 106, 107, 98, 99, 194, 195, 226, 227, 234,
2353,

0o(q17, @) = Qs Wo(Qi7, @) = s za ae {223, 219, 216, 217, 200, 201, 203, 91, 95, 75, 79,
72, 73},

(PO(qI% a) = qFo \Vﬂ(ql% a) =0 inaée,

0o(qis, @) = qus Wo(Qus, @) = e za ae{107, 66, 67, 75, 31, 22, 23,.235, 203, 194, 195, 27,
18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150, 155, 146, 147},

Qo(qis, @) = Qus Wolqus, @) = s za as{24, 25,72, 73, 152, 153, 216, 217, 200, 201, 184,
563, |

¢o(q1s, @) = Quo Wo(qus, @) =W zaae {104, 105, 232, 233, 248, 249},

oo(qQus, @) = Q20 Wo(qus, @) = e za ac {154, 158, 30, 62, 63, 59, 58, 26, 254, 250, 186, 187,
190, 191},

0o(qus, @) = G22 Wo(qis, @) =w za ac {80, 112, 1203, ' -
¢o(Qis, @) = 9 Wo(Grs, @) =0 inale,
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9o(que, a) = Q18 Wo(qus, @) = $ zaae {223, 219, 203, 75, 31, 159, 27, 155},

(PO(q19, a) =qi9 \Uo(qlg, a)"= wzaa E{ bEA| b= rm+a12+a2224ﬁa;23+a424+a525+a626+a727,
as =1},

0o(qus, @) = G, Yo(quo, @) =0 inace,

0o(q, @) = Qo Welqao, @) = € za @€ {235, 246, 214, 251, 254, 255, 250, 107},
oo(az0, @) = Ga1 Vo(Qao, @) = w za a€ {208, 212,224, 240, 244},

®o(qz0, @) = q22 Wolqoo, @) =S A AE {104, 232, 248,252},

0ol a0, @) = Q5 VolGao, @) =0 nace,

¢o(Qa1, @) = Q22 Wo(q21, a) =s zaac{154, 158, 30, 62, 58, 26, 254, 250, 186, 190},
@o(qa1, @) = Qa1 Wo(Qas, a)=w zaac{ beA|lb= a0+a12+a222+a323+a424+a525+a626+a727,
as = 1},

9o(Qz1, @) = g, Wo(qu, @) =0 inade,

0o(qa2, @) = G2 Vo(qa2, @) =W za ac{246, 66, 98, 120, 80, 112, 106, 107, 255, 127, 254,
126, 214,

86, 118, 248, 240, 208, 70, 102, 110, 124, 116, 84, 252, 244,212, 111},

©o(q22, @) = Gaz Vo(q22, @) =S Zaac {14, 46, 28, 60, 62, 30, 24, 56, 10, 42},

0o(qz2, @) = q23 Volq22, @) =€ zaae{l1, 15,31, 43, 47,63},

0o(q22, @) = qaa Yo(q, @) =W zaac {222, 78, 95, 223, 94,74, 19, 753,

(Po((hz, a) = qFo wo(qns a) =0 inaées

0o(qz3, @) = Q22 Yo(Qe3, @) =S zaae {126, 120, 106, 124, 252, 248, 110, 254},

©0o(qs, @) = 93 Yo(qu, a) =€ za ac{beA|b= ao+a124a222+a323+a424+a525 +ag25+a72’,
a= 1},

@o(dzs, @) = Q, Wo(qz, @) =0 inale,

0o(qzs, @) = Q2a Yo(q2s, A) =W ZAQE {215, 87, 67, 71, 214, 86, 70, 66},
Qo(qa, @) = g5, Wo(qas, @) =0 inade,

Po(@zs, @) = Gos Wolds, @) = e zaac{ beA|b= agtar2 a2 a;2 a2 +as2 rag2 +aq2,
a;=1,a,=0},

oo(qas, @) = Qas yolqes, @) = n za ac{ beA| 24<b<31 ili 56<b<63 ili 80<b<95 ili
112<b<127},

oo(qzs, @) = Q6 Woldzs, @) =n zaac {beA| 144<b<159 ili 184<b<191},

Qo(qzs, @) = q, WolGzs, a) =0 inale,

0o(Q26, @) = Q26 Wo(qze, @) =W Za ac{ beA| 64<b<103 ili 112<b<119 ili 192<b<231 ili
240<b<24T},

0o(Qz6, @) = Q26 Wo(Qze, @) =n zaac{ beA| 16<b<29 ili b=31ili 144<b<159},



0o(qzs, @) = q27 YolQzs, @) =W 2a ac{106, 110, 122, 126, 234, 250, 2543},
ooldzs, @) = Go WolGas, @) = ¢ za ac{10,42}, '
0o(qze, @) = Qas WolQas, @) = e za ac {14, 30, 46, 62},

Polqas, @) = g, Woldps, @) =0 inade,

oolar, @) = G Volam, @) =w za ae{107, 111, 127, 123, 235, 251, 255},
(Po((m, a) =28 WO(qZ% a) =eza ae{lS, 3 17 63, 47}7

0o(az7, @) = Qo Yolqzr, @) =e zaae{ll, 43},

o(qz, ) = g5, Wo(qz, @) =0 inale,

;pg(cgs} a) = Gas Wo(Gas, @) = € za ac{254, 255, 246, 247, 214, 215, 126, 127, 118, 119,
2 7 >

(Zp;,(lq}zs, a) =gz Vo(qzs, a)=e zaac{l22, 123, 114, 115, 82, 83, 250, 251, 242, 243, 210,
@o(qzs, @) = @31 Wo(qzs, @) =e zaac {95, 223},

@o(qas, @) = G2 Wolqas, @) = e za ae{91, 219},

Polqas, @) = qss Wo(qas, @) =n zaac {216, 217},

Qo(qzs, @) = g, Wo(qus, @) =0 inae,

g;(}qzs, a) = az Wolqm, @) = e za a{234, 235, 226, 227, 194, 195,106, 107, 98, 99, 66,
0o(q29, @) = Q32 Yolq, ) = e za ac {203, 75},

0o(qus, @) = s Wo(qas, @) =W za a€{200, 201, 72, 73},

@, a) = q5, Wo(qas, @) =0 inale,

oo(qs0, @) = o Wolqso, @) = € za ac{66, 67, 98, 99, 106, 107},
- @ol(qso, @) = Q28 Wo(gso, a) =€ za ae{110, 111, 102, 103, 70, 71},
Qo(qs0, @) = Qg Vo(qm, @) =0 zaae{72, 73},

0o(Q30, @) = B1 Vo(qso, @) =e zaa =19,
@o(qs0, @) = @3 Wo(qso, @) =€ zaa=15,
Po(qs0, 9) = qf, Wo(qso, a) =0 inale,

0o(q31, @) = @6 Wo(qs1, @) =n zaae {248, 249},
Qo(qs1, @) = @3 Wo(Qs1, @) = e za ae {127, 255},
@o(qs1, @) = @32 Yo(qs1, a) =e zaae {123, 251},
Q0o(Q31, @) = Qg Vo(Gs1,@) = 0.inate,

(po(q”, a) =Qq3s \]Io((]n, a) =W za ac {72, 73, 104, 105, 232, 233},
®o(Qs2, @) = 32 Wo(qsa, a) = e za a {107, 235},
0o(qs2, a) = Qg, Wo(qsz, a) =0 inale,
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©o(q3s, a)a= Qx, Wo(gss, @) = 0 za ac {104, 105},

®o(Q33, aj = g3 Wolq33, a)y=ezaa=107,
0o(qs3, @) = Q34 Wo(qs3, a)=ezaa=111,
Po(qs, 4) = q5, Wo(qss,4) =0 inade,

00(Q34, @) = Q34 Vo(qss, @) =€ za a€{127, 255},
0o(Q3, @) = Q@36 Wo(Gzs, @) =1 72 a€ {248, 249},
0o(qs4, @) = @2 VolQss, @) = € zaae {123,251},
0(Qs4 ) = Q5, Vo(gs4, @) =0 inace.

0o(qss, @) = Qs Yolqss, @) =n za ac {210, 114, 115, 122, 123, 82, 242, 243, 250, 251,
219, 83, 211, 91},

0o(gss, @) = @35 Wolqss, @) =W za ac{beAlb= ao+a;2+a222+a323 +a424+a525+a626+a727,
as =1},

0olgss, @) = gy, Wo(qss, @) =0 inale,

@o(Qss, @) = Q36 Wolqss, @) =n zaa =123, ,

0o(q3s, @) = Q36 Yo(qss, @) =W za ac{104, 105, 107, 232, 233, 235},
9o(Q36, @) = Q37 Wo(3e, a) =W za ac {248, 249, 251},

oo(qss, @) = Qe VolQss, @) =szaa=41,

0oldss, ) = qz Wo(dss, @) =0 za ac{l1, 43},

Qo(as6, @) = Q5, WolQse, ) =0 inace,

0o(q37, ) = @37 Wolqa7, @) =w zaa =255,
0o(Q37, @) = Gz Yo(qs7, @) = e zaae{31, 63},
0o(Q37, @) = qas Wo(@s7, @) =w zaa =127,
©o(qs7 a) = Q, Wo(qs7, @) =0 inale,

00(qas, ) = Q38 Wolqss, @) =w zaa€{107, 111},
0o(q3s, @) = Qo Wolqas, ) = e zaae{l1, 15,43, 47},
@o(qss, @) = Qr, Wo(qss, @) =0 inace,

0o(qss, a) = Q36 Yo(qss, @) =n zaae {248, 249, 2513,

0o(qas, @) = Qa9 Wo(qao, @) = € zaac{ beA| b= aptar2+a;2 232 +a2 ras2 +ag25+ar2,
ar = 1}, .

0o(qss, @) = d, Wo(Qr9, @) =0 inade,

®o(qao, @) = Gao Wo(Qao, @) =W zaac {82, 83,91, 114, 115, 122, 123, 70, 71, 79, 102, 103,
110, 111, 66, 67, 75, 98, 99, 106, 107},
©o(q4o, a) = qg, wo(qo, @) =0 zaac{10, 11, 14, 15, 42, 43,46, 47},
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0o(qe0, @) = qg, Vo(qao, a) =0 1nade,

Neka je M ={194, 195, 198, 199, 202, 203, 206, 207, 226, 230, 234, 235, 238, 239}CA.
Tada, .
Vio(Gio, ({Gi}> @) = o(qi ({gw0 }, @)) 22 i€{1,2,3,4,5,6}, acA,

Yio(Qro, ({7}, @) =0 a€ My = {202, 206, 234, 238, 194, 198, 226, 230}cM,
Wio(Quo, ({07}, @) = Vo(qr, ({qro}, @) za aeMy,

oo, ({Qs}, @) =0 aeM; = {195, 194, 203, 239, 207, 235}cM,
Wio(quo, ({8} @) = W(gs, ({quo}, @) za aeMy,

Wio(quo, ({99}, @) =0 ae M = {195, 194, 203, 239, 207, 235, 198, 199}cM,
Vio(Qko, ({0}, @) = Wo(qo, ({Gko}, @) 22 aeMy,

‘uko(qkos ({qZZ}, a)) =0, aeA,
00(q22, ({qro}, @) = Gas vo(qz, ({q},a))=e za aeM\ {195,199}
oolaz, (M) = qg, Wolaz, (A}, @) =0 za aeM\ {195,199}, 4. ako se automati Ao,

K, ne susretnu,

Wio(quo, ({q24}, @) =0, acA,
00(q2s, ({qro}, @) = Qs VolGas, ({Gro}, @) = € zaa€ {194, 195, 198, 199}cM,
Po(qze (A}@) = 45 Woldze, ({A},@) = 0 22 ac{194, 195, 198, 199}, t. ako se

automati Ay, Ko ne susretnu.

Kolektiv Ss = (44, K4) je definisan na sledeci nadin:

Q4= {q: l iE{l, oo 31} } U Qp,

04(qu, @) = 2 Wa(qu, @) = w zaa€{208, 212},
04(qu, @) = q2 Wa(qy, @) =n zaae{16, 148},
04(q1,a)= Qg y4(q1, a) =0 inale,

04(qz, @)= Q2 Va(qz, @) =W zaac {255, 252, 248,214, },
04(qz, @)= G2 Wa(qz, @) =1 zaac {24, 156},

04(qz, @) = @ Wa(qz, @) = n za ac{22, 31},

04(Q2, @) = Q¢ Wa(qr, @) = e zaac {150, 159},

04(q2, @) = qs Wa(qz, @) =n zaa =222,

04(q2, @)= Qo Va(Qz, @) =€ zaa=90,

04(qz,a) = Qg, Wya(qz, a) =0 inale,
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04(q3, 4) = @3 Va(qs, @) = e zaac (255,31},
04(qs, a) = G2 Ya(qs, @) =n za a =248,
04(q, a) = s Ya(q3, @) =€ zaa=159,
0s(e3, @)= q5, walgs, a)=0 inade,

04(qs, @) = qs va(qe, @) = e 22a€{255, 214},
P4(q4, @) = Q5 Wa(qe, 4) =1 za ac {212,252},
04(q4,a) = q5, Va4, @) =0 inale,

04(qs, @) = g5 Ya(gs, @) =n zaac{254, 255},
04(qs, @) = Qs W4(qs, a) =w zaaec{25], 2503,
04(qs, @) = q7 Wa(qs, @) =s zaa =123,

(04((15, a) = qFo \V4(q5a a) =0 inaéea

04(qs, @) = qs Va(qe, @) =W za a =255,
04(qs, 9) = q7 Wa(qe, @) =5 zaa= 127,
04(qe, @) = qs W4(Qs, @) =€ zaa =95,
©4(ds, @) = q5, V4(qs, @) =0 inale,

04(q7, @) = q7 va(qr, @) =s zaa =255,
04q7, @) = qs W4(qr, @) =e zaa =223,
04(q7, @) = Qo Wa(qr, @) =e zaa =222,
04(qr, A= q5, Vaqr,a)=0 inade,

¢4(gs, a) = qs Va(qs, @) =€ zaa =255,
©4(qs, @) = 95 Wa(Qs, a) = e za ac{250, 254},
04(gs, @) = q5, W4(gs, @) =0 inace,

04(qe, @) = qo W4(qo, a) = e za ac{214, 66, 226, 246},
¢4(qs, @) = Qo Ya(qQo, ) =W zaac {208, 240},

@4(qs, a) = Qi3 Wa(Qo, @) = w za ac {64, 224},

0495, @) = q5, Wa(qs, @) =0 inale,

¢4(qu0, @) = qu Wa(quo, @) =w za ac {222,223},
0«(qQi0, @) = Quo Wa(quo, @) =w za ac {214, 246, 254, 2553},
04(quo, @) = q;, Wa(quo, @) =0 inace,

04(qu1, @) = qu Wa(qu1, @) =w za ac{215, 214, 248, 2553,
04(qu1, @) = Q12 V4(qui, @) =n za ae{22, 23,31},
0«qi1, @) = Q13 Ya(qu1, @) =w zaae{104, 232},
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e g —————

o4qu, @)= qr, ya(qu, @) =0 inaCe,

04(q12, @) = qu Ya(quz, @) =n zaa =248, ;

04(qQu2, @) = Q12 Wa(quz, @) = e zaae {31, 255, 27, 251, 235, 107, 111, 127, 123, 11, 15},
04(qi2, @) = Qi3 Wa(qi2, ) =W zaae {104, 232},

0«(qi2 @) = Q5 Wa(qn2, @) =0 inale,

04(qus, @) = Qs Wa(qus, @) =w zaae {107, 235, 251, 255, 66, 226, 250},
04(qu3, @) = Qs Ya(qus, @) =n zaae{90, 95, 123, 127},
04(qs, @) = q5, V4(qu,a)=0 inade,

04(qu4, @) = Qus Ya(Que, @) = € zaae{63, 255, 31, 159, 1913,
04(Que, @) = Qua Ya(qua, @) =n zaae {24, 57, 152, 185},
04(que, @) = Qs Ya(qua, @) = n za a€{248, 249},

04(qua @) = Qs Wa(qua, @) = w zaac{72, 88, 216},

04, @) = Q5 Wa(qus, @) =0 inale,

04(qQis, @) = Qs Ya(qus, @) =n zaa=31,

04(Qus, @) = Qs Ya(qus, @) = e zaa=159,

(p4(q15, a) =q1s \u4(q15, a) =w zadc {248, 255, 104, 107, 127, 111, 120},
04Qi5, @) = Qus Wa(ais, @) =w zaae{75, 79, 95, 2233,

0d(qis, @) = g, Wa(q1s, @) =0 inale,

¢a(qus, @) = Qi Ya(Qis, @) =w zaae {66, 67, 98, 71, 103, 246, 118, 70, 102, 87, 119, 214,
86, 215, 247, 99},

(p4(q1(,, a) =q17 W4(q15, a) =S zaac {254, 126, 42, 30, 110, 46, 14, 106, 62, 10},

0d(Qie, @) = q, Va(Qie, @) =0 inale,

04(q17, @) = Q7 Ya(qu7, @) =W zaace {110, 70, 102, 120, 112, 80, 214, 86, 246, 118, 111,
107, 255, 127, 254, 126, 66, 98, 106, 252, 244, 212, 124, 116, 84, 248, 240, 208},

04(q17, @) = qu7 Va(qu7, @) =5 zaae {28, 29, 30, 60, 62, 14, 46, 10, 42, 24, 56, 25, 61,
57%,

0«(q17, @) = qiz Yo(Qi7, ) = e zaae {11, 15, 31, 43, 47, 63},

(p4(q17, a) = Q19 \U4(q17, a) =w zZadec {121, 125, 253, 249},

04(q17, @) = Qo Va(Qi7, @) =W zaae {82, 123},

04(q17, @) = Ga1 Wa(Q17, @) = e za a€{18, 273,

(p4(Ch7, a) = qFo W4(q17’ a) =0 inaée,

o4qus, @) = Q17 V4(qQis, a) =5 zade {254, 126, 110, 106, 248, 252, 120, 124},
04(qQis, @) = Qs Wa(qQis, ) =€ zaae{ beAlb= ao+a12+3222+a323+a424+a525+3626+a727,
ar= 1},
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0qis, @) = g5, Wa(qis, @) =0 inade,

04qis, @) = Qo Wqis, @) =W 23a€ {111, 255, 127, 107},
P4(Qu9, @) = G20 Va(Quo, @) =S5 Zaae {43, 47,63},

04(qi9, @) = G21 Wa(qu9, @) =S Zaae {11, 15, 31},

0d(q15, @) = g5, Wa(qn, @) =0 inale,

04(q20, @) = Qo Wa(an, @) =w zaac{66, 70, 86, 127, 111, 107},
04(quo, @) = g1 Va(qzo, @) =e zaae{2,6, 11,15},
P(Qa0, @) = g, We(qm, @) =0 inale,

0, a) = @ Vian, @) = e za a (31, 255, 22, 214, 251, 210, 199, 194, 66, 71, 235,
239, 107, 111, 70, 82, 86},

041, @) = Q2 Wa(Qa1, @) =n zaac{90, 95, 123, 127},
¢«(qa1, @ = g5, Wa(qa, a) =0 inage,

0(qn, a) = @ valqn, @) =n zaae{63,31, 159, 191,24, 57, 152, 185},
Pa(q, a) = q3 Va(qn, a) =€ zaa= 75, L
04(qa2, @) = @4 Valqn, @) =w zaa=T2

04(qz2, @) = Qs Wa(an, @) =w za ac {79, 88, 95,216, 223},
04G22, @) = qy, Wa(qz, a) =0 inale,

04(q23, @) = Q23 Va(qes, @) =e z2a =107,
04(q3, @) = a4 V(q23, @) =w zaa =104,
04qz3, @) = qzs Ya(q23, ) =W zad= 111,
04q, @)= qr, ya(qu, a) =0 inale,

0i(as, @) = Qe Veldae, @) =W 23 a€ (98, 99, 66, 67,75, 107},
0das, @) = Qs Valaze, @) =W zaa= 106,
0uae, @) = G5, VG, @) =0 z2ae{10, 42},

04(G24, @) = qp, W4(qu, a) =0 inale,

0dqzs, @) = Qs Va(Gas, @) =w zaa =107,
0ddzs, @) = g5, Va(qzs, @A) =0 zaa= 11,

04(qzs, a) = Qg Ya(qas, @) = 0 inace,

0ddzs, @) = G5 Valdae, @) = w 7a a€{215, 247, 87, 119, 67, 99, 214, 86, 246, 118, 70,
102, 66, 98, 71, 103, 107, 75},

odazs, @) = @7 Vs, @) = w za a€ {106, 110, 126, 254},
0iqzs, @) = qus Va(as, @) = € za ac{14, 30, 46, 62, 10, 42},
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®4(qos, @) = Qg va(qes, @) = 0 inale,

04(q27, @) = Q27 Va(qar, @) =w zaac {107, 111, 127, 255},
04(Qz7, @) = Qs va(qer, @) = e zaae{15,31, 63,47, 11, 43},

¢4(q27, a) = Qr, y4(qz7, @) =0 inale,

0ddzs, 3) = s ViQas, @) = € 72 ac{ bEA| b= aptai2tan2 +as2 ta ras2 a2 Harl,
a = 1},

04(qas, @) = Qo Wa(qus, @) = 1 za a< {88, 120, 216, 248},

04qzs, @) = q, Va(Qzs, @) =0 inale,

04(q2s, @) = Qs Wa(qas, @) = e zaae{l1, 15, 31, 43,47, 63},
(p4(q29, a) = (29 \|l4(q29, a) =w zade {248, 127, 111, 107, 120, 255},
0dqzs, @) = qr Vg, @) =0 zaa =40,

04(qa9, @) = Q30 Va(qas, @) =W zaa = 104,
04(qz5, D) = q5, ValG0, ) =0 inade,

04(q30, @) = Q30 Wa(qzo, @) =w zaa =107,
0(q30, @) = 5, Wa(qso, @) =0 z2ae(11, 43},

04(Q30, @) = q Va(q, @) =0 inale,
04(Q31, @) = qz1 Wa(gs1, @) = e zaac{66, 70, 107, 111},

0431, @) = q21 V4(Q31, @) = e zaac{82, 123, 86, 127},
94(Qs1, A = q5, Y4(@31,a) =0 inade,

Neka je M = {90, 95, 123, 127}cA. Tada,
Vie(Gea, ({3}, ) = wa(qi, ({qua}, @) zai€(1, 2,3,4,5,6,7,8,9, 10, 11, 12}, a€A,

Wia(Qra, ({q13}, @)) =0 aeM,
Via(Qrs, ({q13}, ) = walais, ({qus}, @) za aeM,

Via(Gs, ({q21}, @) =0, a€A,
04(q21, ({qrs }, @) = G2z Va(qa1, ({qQus}, @)) =n zaaeM
04(qz1, ({A}, @) = qg, Va(q21, ({l}, a)) =0 za aeM, tj. ako se automati A4, K4 ne

susretnu,

Kolektiv S¢ = (4, K¢) je definisan na sljedeci nalin:
Q6 = {ql ‘ iE{l, eey 81}} u QF,

06(q1, @) = q2 Ve(q1, @) = e za ac {18, 19, 22, 23},
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0e(q1, @) = Qg We(q1, @) = 0 inace,

06(q2, @) = qio Wo(qz, @) =w zaac{80, 84},

0e(q2, @) = Q3 Wes(qa, @) =w za a€{208, 212},

06(q2, @) = Q5 Ve(q2, @) =n zaa =148,

0(qz, 3) = @2 Ve(qz, @) = € zaac{ beA| b= agta2+a2 a2 +ag2 +as2 a2 a2, ay
=1, a3=0},

06(q2, ) = @2 We(Qz, @) =5 zaac{ beA|b= a0+a12+a222+a323+a424+a525 +ag2%+a72’, a3
= 1}7

0s(Q2, @) = g, Ve(qz, @) =0 inale,

06(Q3, @) = @ We(q3, @) =w zaac{255, 223,214, 215, 1
06(Q3, @) = Qs We(Q3, @) = e zaae{22,23, 31, 150, 151, 159},
06(q3, a) = quo We(Q3, a) =w zaae{127, 95, 86, 87},

06(d3, D) = g, We(qs, @) = 0 inale,

06(q4, ) = qs Ws(qs, a) = n za a€ {208, 212, 240, 244, 248, 252}, :

06(Qs, ) = Qs Ve(qs, @) =€ zaac{ beA|b= apta 2+a2 a2 a2 as2 +ag2% a2, a
=1}, -

06(q4, @A) = g5, We(qs, @) =0 inale,

06(qs, a) = q¢ We(as, a) = w za a€{208, 212, 240, 244},

06(Qs, @) = Q3 We(Qs, @) =w zaac{248, 252},

0das, a) = @7 Vs(as, @) = e za ac{74, T8, 202, 94, 206, 218, 106, 110, 234, 126, 238,
250, 210, 242},

06(qs, a) = qs We(qs, a) = € za ac {214, 246, 222, 254},

06(qs, @) = quo We(Qs, @) =w zaae{120, 124},

06(ds, @)= s, Ve(Gs, @) =0 inade,

0s(qs, a) = Gs We(Qs, @) =W zaac{214, 246},
06(s, @) = @ We(Qe, @) =W zaac {222,254},
@6(ds, @) = qg, We(qs, @) =0 inace,

0s(q7, @) = @7 Ve(qz, @) = e za ac{98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198},

06(q7, @) = qs Ve(q7, @) =w zaae{112, 116, 244, 240, 80, 84, 208, 212},

(P6(q73 a) = qFo ‘V6(q7, a) = 0 lnaée’

0(qs, @) = s We(qs, @) =W za ac{98, 102, 118, 246, 66, 70, 86, 214, 242, 210, 146},
06(Qs, @) = Qs We(qs, @) =w za ac{74, 78, 94, 218, 106, 110, 126, 250, 254, 2223,
06(Qs, @) = Qs We(Qs, @) =w zaac{26, 230, 194, 198},
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06(qs, ) = Qo We(Qs, @) =W zaae {202, 206, 234, 238},
06(s, @) = q5, We(qs, @) =0 inale,

06(qo, @) = qo We(qo, @) = w za ae{255, 223, 215, 251, 219, 211, 71, 79, 111, 107, 75, 67,
214, 66, 210},

0s(qo, @) = qu1 Ve(Qo, @) = e zaae{22, 23,31, 150, 151, 159},

(ps(qg, a) =2 \]Is(qg, a) =nzaac {18, 19, 27, 146, 147, 155},

06(q9, @) = qo We(qo, @) =w zaae {203, 207, 194, 195, 235, 239, 198, 199},

?s(Qs, @) = q5, We(qo, @) =0 inale,

0s(q10, @) = Go We(qo, @) =w za ac{211, 67, 210, 66, 255, 223,70, 71, 107, 75, 215, 111,
79, 219, 251, 214},

(ps(qlo, a) =11 \]Is(qlo, a) =ezaac {22, 23, 31, 150, 151, 159},

06(q10, @) = qu2 Ye(dro, @) =n zaac{18, 19, 27, 146, 147, 155},

06(q10, @) = Quo We(quo, @) =w zaac {203, 207, 194, 195, 235, 239, 198, 199},

®6(qi0, @) = qg, We(quo, @) =0 inace,

0s(quL, @) = Q2 Welqu, a) = 1 zaae{210, 211, 219, 218, 250, 251, 242},

0qi1, @ = Qu We(Qu, @) = ¢ za ac{ beA| b = agtai2+a2 +a:2 a2 ras2 +ac2 a2,
a =1},

os(q1, @) = Qg, We(qu1, a) =0 inale,

0s(q12, @) = qi2 We(qu2, @) =w zaae {214, 66, 194, 210, 248, 104, 232, 203, 215, 211, 67,
195, 216, 200, 72, 255, 223, 251, 219, 107, 75, 235, 249, 233, 105, 217, 201, 733,

06(q12, @) = Qu2 We(Qu2, @) =n zaae{18, 19, 24, 25, 28, 29, 27, 146, 147, 152, 153, 155},
06(qQ12, @) = Q17 Ve(qu2, @) =€ zaa =26,

0e(qi2, @) = Qs We(qi2, @) = e zaa =30,

06(Qi2, @) = Qus Ve(Qu2, @) =w zaae {253, 221, 220, 252},

(ps(qu, a) = (a1 \]Is(qu, a) =W zaae {120, 121, 124, 127},

oe(qiz, @) = qis We(Qu2, @) = e zaae {22, 23, 150, 151, 159, 31},

®s(q12, @) = qg, Wes(quz, @) =0 inale,

06(q13, @) = quz We(qu3, @) =n zaae{210, 211, 216, 217, 219, 248, 249, 251},

06(qi3, @) = Qi3 We(qu3, @) =€ zaae{beA|l b= ap+a;2+a2 a3 2 a2 +as2 +ag25+as2’,
a = 1},

0s(d3, @) = q5, We(qu3, @) =0 inale,

os(Q14, @) = Qus Ve(Qus, @) =w zaac {214, 215, 223, 255},
P6(Que, @) = Qis Ys(qua, @) =1 zaae{22,23,31},
06(Qie, @) = Qg We(Qus, @) =0 inale,
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oe(qus, a) = qis We(Q1s, a)=e zaac{31, 214, 246, 254, 255}, .
0e(q1s, @) = Qis Ve(Qis, @) = w za ae {208, 212, 240, 244, 248, 252},
0e(q1s, ) = Q17 We(qQus a) = e zaae{25], 250, 242, 210, 27},

06(qQ1s, @) = Q23 We(qus, @) =€ Z3AE {211, 215, 243, 247},

Qs(qis, @) = q, Ve(d1s, a)=0 inale,

06(q16, @) = Qis We(q16; a)=w zaac{255, 246,214, 254},
0dqis, @) = Qis Ve(Qis, @) =n zaac {30, 313,
0616, @) = 5, Ve(dis, @) =0 inade,

os(qi7, @) = Q17 Velqu7, @) =€ 7a ae {127, 126, 118, 106, 107, 110, 111, 214, 194, 198,
239, 238, 234, 235, 230, 226, 98, 102, 86, 66, 70, 255, 254, 246},

06(q17, ) = Qis Ye(q17, Q) =W 23 ac{240, 244, 208, 212},

06(q17, @) = Qo Ve(qi7, d) =n za e {80, 84, 112, 116, 120, 1243},

0s(qi7, @) = Q@3 Ve(qu7, ) = € 23 a€ {231, 227, 199, 195, 123, 122, 119, 115, 114, 99,
103, 83, 87, 82, 67, 71, 251, 250, 210, 247,242, 243,215, 211},

ee(Qi7, @) = 5, We(qr7, @) =0 inace,

0s(qis, @) = Qo Ve(qus, ) =N Z3 A€ {86, 126, 127, 118},

0d(qQus, @) = Qis We(Qis, @) =w zaae{ beA|b= ao+a12+a222+a323+a42“+3525+a626+a727,
as =1},

es(qis, @) = g, we(qus, @) =0 inace,

0s(qi9, @) = Q15 We(quo, a) = € Za A€ {246, 63, 30, 10, 14, 110, 111, 214, 66, 70, 86, 254,
126, 127, 106, 107, 43, 47, 62, 46, 42, 255,31, 15, 11, 118, 98, 102},

0s(qu9, @) = Qi Ve(qus, @) =N za e {56, 60, 124, 120, 24, 28, 112, 116, 80, 84},

0s(qQ19, @) = G20 Ve(quo, @) =W Za A€ {208, 212, 240, 244, 248, 2523,

0(que, @) = Q3 We(qQus, @) = € Za A€ {242, 247, 243, 119, 114, 115, 103, 99, 250, 251,
122, 123, 215, 210, 211, 67, 71, 87, 82, 83},

0e(Qs; @) = qx, We(qwo, @) =0 inace,

06(q20, 3) = Q15 We(G20, a)=n zaae{30, 31, 62, 63, 86, 118, 126, 127},

06(q20, @) = Q20 We(Go, @) =W Z2 ac{beAlb= ao+a12-la222+a323+a424+a525+a626+a727,
ag =1}, .

@(qa0, @) = q5, We(d0, @) =0 inace,

odlqat, @) = @1 Ve(a1, @) =w zaae {111,239, 107, 235, 251, 255},
06(qa1, ) = Q2 We(da1, @) = € zaae {27, 31},
06(q21, a) = Qg, We(qa1, @) =0 inale,

0s(Q22, @) = Q22 Ve(q22, ) =€ 22 A€ {111, 239, 107,251, 255, 235},

76



(ps(qls, a) =q1s \|I6(q15, a) =e zadec {3 1, 214, 246, 254, 255}, - .
0s(q15, @) = Q16 We(q15, a)=w zaac{208, 212, 240, 244, 248, 252},
06(q15, @) = Q17 Ve(q15, a)=e zaac{25], 250, 242, 210, 27},

0s(qi5, @) = G23 We(Q15, a)=e zaac{211,215, 243, 247},

odqs, @) = qg, Ve(@is, a)=0 inace,

0s(q16, @) = Qi6 We(qis, @) =W 23 A€ {255, 246, 214,254},
0dqus, @) = Qis Ve(Qis, @) = 1 z2a€{30,31},
0d(q16, @) = Qg We(qis, @) =0 inace,

0d(q17, @) = Q17 Ve(Qu7, @) =€ 73 ae{127, 126, 118, 106, 107, 110, 111, 214, 194, 198,
239,238,234,235,230,226,98,102,86,66,70,255,254,246},

96(q17, @) = Qis Ve(Q17, @) =W za ac {240, 244, 208, 212},

96(q17, @) = Quo Ve(Qu7, @) =1 zaae {80, 84, 112, 116, 120, 124},

0dqi7, @) = @ Wsqin, @) = € za ac{231, 227, 199, 195, 123, 122, 119, 115, 114, 99,
103, 83, 87, 82, 67, 71, 251, 250, 210, 247, 242, 243, 215, 211},

017, @) = g5, Ws(Qi7, @) =0 inaZe,

0s(qQus, @) = Q1o We(Qus, @) =n Za A€ {86, 126, 127, 118}, o

od(qus, @) = Qis We(Qis, @) =W za ae beAlb= ao+a12+a222+a323+a424+a525+a626+a727,
ag =1},

0e(Qis, @) = q5, Ve(Q1s, @) =0 inace,

0s(qu9, @) = Q15 We(19, a) = e za ac {246, 63, 30, 10, 14, 110, 111, 214, 66, 70, 86, 254,
126, 127, 106, 107, 43, 47, 62, 46, 42, 255, 31, 15, 11, 118, 98, 102},

06(qu9, @) = Qus We(qus, a) =n zaac {56, 60, 124, 120, 24, 28, 112, 116, 80, 84},

0s(qQ15, @) = Q20 ve(qus, @) =W zaae {208, 212, 240, 244, 248, 252},

0s(q19, @) = Q3 Ve(Qo; a) = e za ac{242, 247, 243, 119, 114, 115, 103, 99, 250, 251,
122, 123, 215, 210, 211, 67, 71, 87, 82, 83},

0(qs, @) = q5, Ve(Gr5s a)=0 inate,

06(q20, @) = Q1o We(q20, @) =1 Za AE {30, 31, 62, 63, 86, 118, 126, 127},

06(q20, @) = G20 We(qao, @) =W zaac{ beAl b= ayta 2+ag2 +as 2 ras2 as2 +ag2 tan2,
as =1},

(PG(qzo, a) = qFo W6(q20, a) = 0 inaée,

06(q21, @) = Q21 Ye(qa1, a)= w.za ac{111, 239, 107, 235, 251, 2553,
0621, @) = q22 We(Qz1, @) =€ zaae {27, 31},
06(qQ21, a) = qr, We(qa1, @) =0 inacCe,

06(q22, ) = Q22 Ve(q22, @) =€ 22 ae{111, 239, 107, 251, 255, 235},
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0e(qaz, @) = Qo Welqz, @) =1 zaae {120, 121, 124, 127},
@e(qz2, @) = G, We(dz, @) =0 inace,

oz, @) = s Ve@x, @) = € za ac {66, 67, 106, 107, 98, 99, 194, 195, 226, 227, 234,
235},

oe(Qz, 9) = Gt Ve(@s, @) = s za ac{223, 219, 216, 217, 200, 201, 203, 91, 95, 75, 79,
72, 73},

06(q23, @) = Qg Ve(qas, a) =0 inae,

0e(Qzs @) = Gus VelGas, @) = ¢ za ac {107, 66, 67, 75, 31, 22, 23, 235, 203, 194, 195, 27,
18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150, 155, 146, 1473,

0eldze. ) = Gt Velqas, @) = 5 78 ac{24, 25,72, 73, 152, 153, 216, 217, 200, 201, 184,
563,

¢6(q24, a) = (25 W6(q24, a) =w za ac {104, 105, 232, 233, 248, 249},

0daze, @) = Qas Ve(Tas, @) = za ac {154, 158, 30, 62, 63, 59, 58, 26, 254, 250, 186, 187,
190, 191},

(p6(q24, a) = (28 \jle(qu., a) =w zadc {80, 112, 120},

0e(q2e, @) = q, We(Gas, @) = 0 inade,

0e(qzs, @) = Qs Veldzs, @) = § za a€ {223, 219,203, 75,31, 159, 27, 155},

0e(qzs, a) = Qo5 WelGas, @) =w za ac{ beAl b = agtas2+a,2 ey ragd tas2 +ag2b+as2
as =1},

0e(Qzs, @) = Q5 Ve(Qzs, @) =0 inade,

(a6, @) = s Weldas, @) = ¢ za ac {235, 246, 214, 251, 254, 255, 250, 107},
06(qzs, a) = 27 Ve(q2s, @) =W za a€ {208, 212, 224, 240, 244},

?s(qas, @) = Gas Ve(qas, @) =S Zaac {104, 232, 248,252},

0e(Qzs, 4) = qz, Ve(Gas, @) = 0 inace,

06(q27, a) = Qa8 Ye(qz7, @) = s Zaae {154, 158, 30, 62, 58, 26, 254, 250, 186, 1903,

- 06(qz7, @) = Q7 Ve(Qzr, ) =w zaac{ beA| b= agtar2+as2 tas2 +a2 a2 rag2t+as2,
ag=1},
(PG(q2‘7, a) = qFo WG(q27, a) =0 inaéea

06(qzs, 9) = Q28 Ve(qas, @) =W Za A€ {246, 66, 98, 120, 80, 112, 106, 107, 255, 127, 254,
126, 214, 86, 118, 248, 240, 208, 70, 102, 110, 124, 116, 84, 252, 244, 212, 111},

9(qzs, a) = Gos Ve(qzs, @) =S Zaae {14, 46, 28, 60, 62, 30, 24, 56, 10, 42},

(ps(ng, a) = Q29 \]Is((lzs, a) =e zaae {1 1, 15, 31, 43, 47, 63},

0s(q2s, @) = Po Ve(Gzs, a)=w zaac{222,78, 95,223, 94, 74,79, 75},

0s(qzs, @) = @31 We(qes, a) = € za A€ {235, 203, 226, 194, 202, 234, 198, 230, 206, 238, -
207, 239},
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0e(qzs, @) = Q5 Welqos, ) =0 inade,

¢§£Q29, a) = qas We(qQoo, @) = s za @ {126, 120, 106; 124, 252, 248, 110,-254},

06(q29, @) = Qoo We(qao, @) = e zaac{ beA|b = agta2+a2 +ay 2 +ag2 as2 a2 +as2’,
a; = 1},

06(q29, @) = q, We(qe, @) =0 inace,

s(q30, @) = Qa0 We(q30, @) =W Zaac {215, 87, 67, 71, 214, 86, 70, 663,
06(q30, @) = @31 We(Qso, @) = € za ac {194, 195, 198, 199},
(P6(q30, a) = qFo W5(q30’ a) = 0 inaée)

0s(Qs1, @) = @31 We(qs1, @) =e zaae{ beAlb= ao+a12+a222+'ag23+a424+a525+a626+a727,
a= 1, au= 0},

os(q31, @) = @1 We(q31, @) = n za ac{ beA| 24<b<31 ili 56<b<63 ili 80<b<95 ili
112<b<127},

06(qa1, @) = Q32 We(Q31, @) =1 zaae {beA| 144<b<159 ili 184<b<191},

@6(q31, @) = qg, We(q31, a) =0 inade,

06(Q32, @) = Q32 We(Qsz, @) = w za ae{ beA| 64<b<103 ili 112<b<119 ili 192<b<231 ili:
240<b<247},

06(q32, @) = Q2 We(qa2, @) =1 za ac { beA| 16<b<29 ili b= 31ili 144<b<159},
06(Q32, @) = P33 Ye(qz2, @) =W zaa =254,

06(q32, @) = Q35 We(qa2, @) =€ zaa =30,

©6(qs2, ) = Q38 Ye(qQ3z, @) =w zaae {110, 122, 126, 238},

(P6(q32, a) = (39 \]ls(q:;z, a) =W Za ae{106, 234, 250},

06(q32, @) = Qa0 Ve(qs2, @) =€ zaa =26,

06(qQs2, @) = Qas We(qa2, @) = e za ae{10, 42},

06(q32, @) = Qa7 We(q32, @) =€ Zaac {14, 46, 62},

0e(qs2, @) = q, WYe(qs2, @) =0 inale,

0s(qs3, @) = Q33 We(Qs3, @) =w Z2a =255,
06(Q33, @) = PGa Ye(qs3, a) =e zaa =31,
06(q33, a) = Q3s We(qs3, @) =w zaa =127,
06(Q33, @) = Qg Ve(qs3, @) =0 inate,

0s(Q34, @) = Q34 We(q34, ) =€ zaa =255,
06(q34, @) = Q35 We(Q34, @) = € zaa =254,
0s(q34, @) = qg, We(qss, @) =0 inale,

‘P6(q35, a) =35 W6(q35, a) =e zaae {246, 2479 2143 2159 2239 255}9
0s(qQss, @) = Q36 We(Qss, d) =n zaae {216, 217, 248, 249},
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0e(Q35, @) = Qi3 We(qss, a) = e zaac {242, 243,219, 210, 211, 251},
06(q3s, @) = Qg we(qss, a) =0 inace, ’

0636, 2) = @6 Vs(Qs6, @) =w za ac {105, 233, 249, 248, 232, 104, 107, 235,251, 255},
06(q36, 9) = Q60 Ve(qzs, @) =n zaa =27,

06(q36, @) = Q0 We(Q36, @) =s zaae{ll, 43},

06(qQs6, @) = P37 We(Q36, a) =€ zaa =31,

?(qQ36, @) = Qoo We(qQss, @) =w za ac {121, 125, 253},

06(qQ36, @) = Qa1 Ye(Q36, @) = s za a€ {120, 124, 252},

(P(;(q:;s, a) = qas \115((]36, a) =W zadc {123, 127},

P66, @) = qg, Ve(Q3s, @) = 0 inace,

06(q37, @) = @37 We(Q37, a) = € zaa = 255,
06(q37, @) = Qs We(Q37, @) = n za ac {248, 251, 249},
06(Q37, ) = q We(qs7, @) =0 inale,

‘ (ps(q:;g, Q) = (38 \]Is((bg, Q) =Ww zadc {235, 239, 251, 255, 111, 1073},
P6(q3s, ) = Qus Ve(qQas, @) = e zaae{11, 43},

06(Q3s, @) = Qa7 We(qQas, @) = € zaa{15, 47},

0s(qss, @) = Qa0 Ye(Q3s, @) = e zaae {27, 31},

@s(q3s, @) = q5, We(Qas, @) =0 nale,

 @e(qQs9, @) = Qa0 We(qQae, @) =W zaae {107, 235, 251, 255},
Ps(q39, @) = Qzs We(Qas, @) =w za ae{127, 123},

0s(q9, @) = Qa0 We(Qro, @) =€ zaa =11,

0(q39, @) = Gao We(Qss, @) = € za ae{27, 31},

P6s(Q9, @) = Q5. We(qa, @) =0 inale,

06(Qa0, @) = Qa0 We(qQuo, @) = € za ac {255, 251, 234, 235, 106, 107, 250},
06(qQao, @) = Qo We(qao, @) = € za ac {98, 99, 226, 227},

06(qa0, @) = Qa7 We(Qao, a) = € za ac {110, 238, 111, 239, 102, 103, 230, 231},
?6(qe0, ) = q5, We(qQu, @) =0 inale,

06(qa1, @) = Qa1 Ve(qu1, @) = s za a =248,
06(qa1, ) = Qaz Ye(qa1, a) =n zaa =249,
96(qa1, @) = Qg We(qa1, @) = 0 -inade,

06(qa2, @) = Qa2 We(Qaz, a) =n za a =248,
06(Qa2, @) = Qo0 We(Qaz, @) = w za @ {120, 124, 252},
06(q42, @) = Qg We(qaz, @) =0 inale,
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0e(qe, ) = G Ve(aus, a) = za ae {194, 195, 66, 67,107, 75, 235, 203},
06(q43, @) = Qus We(qas, @) =w zaae {72, 73, 200, 201, 232, 233, 104, 105},
0s(q4, @) = Gso We(qus, a) = e zaae{79, 207},

odqes, @) = Qa7 Ve(Ges, @) = ¢ za @ {70,239, 198, 199, 111, 3,

0s(qu, @) = 45, Ve(dus, @) =0 inale,

06(qus, @) = Q6 We(qas, @) = 1 za ac {242, 243, 210, 211, 219, 251},

(()¢;(q44i a) = qu We(Qas, @) =w za ac{ beA| b = apta;2+ar2 22,2 +a2 ras2 +as25+as2’,
=1

0s(qus, @) = Q5, We(qus, @) =0 inale,

0e(qas, @) = Qas We(Qas, @) =w zaae{111, 107, 239, 235, 251, 255},
06(qas, @) = Gas We(Qas, @) =e zaae{27,31},

06(qas, @) = qss We(das, @) =e zaae{l1, 15},

0e(q4s, @) = G, We(qss, @) =0 inale,

06(q4s, @) = Qs We(qas, @) = e zaae {251, 255},
0c(qas, @) = sz We(qas, @) = e za a€ {239, 235},
0s(Q4s, @) = q, We(Gus, @) =0 inale,

;ps(qn,}a) = g7 We(qer, @) = e za ac{254, 255, 246, 247, 214, 215, 126, 127, 118, 119,
6, 87

0s(qa7, 4) = Qus Ws(Qsr, @) = e za ac{122, 123, 114, 115, 82, 83, 250, 251, 242, 243, 210,
211},

06(qa7, ) = Qso We(qa7, @) = € zaae {95, 223},

06(qa7, @) = 51 We(qa7, @) = e zaae {91,219},

06(qa7, @) = Gss We(qa7, @) =n zaae{216,217},

0e(q47, @) = q, Ve(qe7, @) =0 inale,

§6(}q48, a) = qus Ve(Qss, @) = € za ac {234, 235, 226, 227, 194, 195, 106, 107, 98, 99, 66,
7},

06(qQes, @) = 51 Wel(Qas, @) = e zaae{203, 75},

(p6(q489 a) = Qs4 \UG(Q48= a) =wzaac {2007 201: 727 73}’

Pe(qss, @) = g5, We(qes, @) =0 inade,

@s(qas, @) = Qao We(qas, @) =€ zaae {66, 67, 98, 99, 106, 107},
0o, @) = Qa7 Ws(Quo, @) = € zaae {110, 111, 102, 103, 70, 713},
©6(qao, @) = Q59 We(que, @) =W zaac{72,73},

06(qas, @) = qso We(das, @) =€ zaa=19,

06(Qas, @) = sz We(qQus, @) =€ zaa=175,

0s(qes, @) = qg, We(qes, @) =0 inade,
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0(qso, @) = Gss We(qso, @) = 1 za ac {248, 249},
06(qs0, @) = gso We(qso, @) = € za ae {127, 255},
06(qs0, @) = Gs1 We(qso, @) = e za ae {123,251},
06(qs0, @) = g, We(gso, a) =0 inade,

(ps(q“, a) = (54 \Vé(q51> a) =W zaaec {72, 73, 104, 105, 232, 233},
0s(qs1, @) = qs1 We(qs1, @) = e zaae{107, 235},
06(gqs1, a) = qF, We(Qgs1, @) =0 inace,

06(qs2, @) = Q59 We(qs2, a) =w za ac{104, 105},
0s(qs2, a) = Gs2 We(qs2, a) =e zaa =107,
0s(qs2, @) = 53 Ve(qs2, @) =e zaa =111,
06(qs2, a) = qs, ye(gs2, a) =0 inae,

06(qs3, @) = Q53 We(qs3, @) = e zaae {127, 255},
06(qs3, @) = qss We(Qs3, @) = n za ac {248, 249},
06(qs3, @) = 51 We(Gs3, @) = e zaae{123, 251},
06(qs3, ) = qg, We(Qs3, @) =0 inace.

06(qss, @) = Gss We(qss, @) = n za ac{210, 114, 115, 122, 123, 82, 242, 243, 250, 251,

219, 83, 211, 91},
06(qse, @) = qa1 We(qse, @) = zaac{120, 124, 252},
06(qss, @) = Geo We(qse, @) =w zaae{121, 125, 253},

(p6(q54, a) = qss We(Qss, @) =w za ac{ beA| b = agta 2+a;2 24932 +a 2% ras2 +ag20+as2’,

= 1}
<ps(qs4, @)= qg Ve(qss, @) =0 inale,

06(qss, @) = 55 We(Qss, a)=nzaa=123,

(ps(qss, a) = (ss \Vs((]ss, a) =WwZza ae{104, 105, 107, 232, 233, 235},
06(qss, d) = Gss We(qss, @) =w za ac {248,249, 251},

06(qss, @) = qso We(gss, @) =s zaae{l], 43,41},

(])6((]55, a) = (41 \]Is(('.l55, a) =8 Za 06{120, 124, 252},

06(qss, a) = Geo We(Gss, @) = w zaae{121, 125, 253},

06(qss, a) = Qg, We(qss, @) =0 inace,

06(qss, a) = Qs6 We(Qss, @) =w zaa =255,
06(qss, @) = qss We(Qse, @) = e zaae {31, 63},
06(qss, @) = qs7 We(qss, @) =w zaa =127,
96(dss, a) = qg, We(Qss, @) =0 inace,
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0e(qs7, @) = Q57 Ve(@s, @) =w zaac {107,111},
0e(Qs7, 4) = Gss We(Gsn, @) = e zaae {11, 15,43, 47},
0e(qs7, @) = 5, Wel9s7, a) =0 inaCe,

06(qss, d) = ss We(qss, @) = 1 za ac {248, 249, 251, 123},

06s(qss, @) = Qss We(Gss, @) = ¢ za ac{beA| b= agtar2ta 2 tas2 a2 a2 rag2 ar,
a = 1},

0e(qss, @) = qy, Ve(Qss, @) =0 inale,

0655, @) = Geo Wiedss, a) =W za a€ {235, 239, 234, 238, 227, 231, 203, 207, 226, 230,
195, 199, 194, 198},

0e(qQss, @) = Q59 We(Gss, @) =W zaac{ beA|b= apta2-ta2 +a;20+a2 ras2 +ag24as2’,
as = 1, ar= 0},

0c(Qss, @) = qso We(qso, @) =5 zaac{ beA| b= ao+al2"'3222‘*'8323+a424+3525+3626+a727,
a3=1, ag=0},

0e(qs9, @) = q, We(qs9, @) =0 inade.

06(Gs0, @) = Geo Vs(Qeo, @) = w za @ {249, 121, 253, 127, 255, 125, 111, 107},
06(Qe0, @) = Q61 We(Goo, @) = € Zaac {11, 15, 43, 47},

06(qe0, @) = 62 We(qeo, @) =N zaac {31, 25, 29, 63, 120, 124},

06(qs0, @) = Geo We(qQeo, @) =N zaac {211, 243, 210, 242, 251, 219, 26, 250, 273,
Qe(qec, @) = q5, We(qsn, @) =0 inale, |

06(Qe1, a) = Q61 We(Qe1, @) = e zaae{111, 107},
06(q61, @) = Qa2 Ve(qe1, @) =n za a€ {120, 121, 124, 125, 127},

0s(qé1, @) = qy, We(qe1, @) =0 inale,

06(Qs2, @) = G2 We(qer, @) = € za a{246, 118, 98, 102, 214, 66, 70, 86, 30, 14, 10, 255,
254, 127, 126, 107, 106, 110, 111, 31, 15, 11, 63, 47, 43, 62, 46, 42},

0e(qe2, a) = Q62 We(Qe2, @) =N zaae {120, 112, 116, 124, 60, 56, 24, 28, 80, 84},

06(qe2, @) = G63 We(qe2, @) =W zaae {208, 212, 248, 240, 244, 252},

06(qéz, @) = Ges Ve, @) = € za ac {251, 250, 123, 122, 242243, 247, 114, 115, 119,
99, 103, 210, 211, 215, 67, 71, 82, 83, 87},

0s(Qs2, @) = Qg Ve(qez» @) =0 inale,

06(qe3, @) = Gs2 We(Qe3, @) =1 zaae {127, 126, 118, 86, 31, 63, 62, 30},

06(qe3, a) = 63 We(Qse3, a)=w zaac{ beAlb= ao+a12+3222+a323+a424+a525+a626+a727,
=1, },

06(qe3, @) = qz, We(Ges, @) =0 inace,
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©6(Ges, @) = Qoa We(Qes, @) = e za ac{234, 235, 226, 227, 194, L95,_107, 106, 98, 99, 66,
67},

os(Qee, @) = Ges Ve(Ges, @) = s zaae {91, 95,75, 79, 72, 73, 223, 219, 216, 217, 203, 201,
200},

06(Gss, @) = qx Ve(qes, @) =0 inace,

(p(,(q(,5, a) = Q65 \l]ﬁ(q6j, a) =e za ae{107, 66, 67, 75, 31, 22, 23, 235, 203, 194, 195, 27, :
18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150, 155, 146, 147},

06(Qes, @) = Ges We(Qes, a) = s za ae{152, 153, 216, 217, 200, 201, 24, 25, 72, 73, 56,
184},

06(qes, 3) = Qs We(Qes, @) =w za ac {248, 249, 232, 233, 104, 105},

06(Qes, @) = Gs7 We(Gss, a) =w za a< {64, 192, 208},

06(Qss, a) = Q67 We(Qss, a) =n zaac {16, 144},

06(Qss, @) = dr, We(qes, @) =0 1nace,

0e(qes, @) = Qs We(Ges, @) = 5 za ac {223, 219, 203, 75, 31, 159, 27, 155},

?6(Qss, @) = Ges Ve(Qes, @) =W za ac{ beA| b= ao+3,12+a222+a323+a424+a525+a626+a727,
a=1, },

06(gss, @) = qs, We(qes, @) =0 inale,

06(q67, @) = Qs Ye(qe7, @) =W zaae {254, 110, 126, 106, 122, 234, 250},

©6(qs7, a) = qes Ye(qe7, a) =€ zaac {30, 62, 14, 46},

06(qs7, @) = qn Ye(qer, a) = e zaae{10, 42},

06(qe7, @) = Q67 Vs(Gs7, @) =n za ac{beAlb= ao+a12+a222+a323+a424+a525+a626+a727,
a=0, as=1},

(ps(qs-;, a) = Q67 W6(Cl67, a) =wzaa G{ bEAl b= ao+a12+a222+a323+a424+a525+a626+a727,
as =1},

067, @) = q5, Ws(ge7, @) =0 inale,

©6(qes, 9) = Qss Ye(qes, @) =W zaac {107, 111, 127, 123, 235, 251, 255},
06(qss, @) = Geo We(qes, @) = e zaac {15, 31, 63, 47},

06(qss, ) = qn We(Qes, a) =e zaae{l11, 43},

Pe(ges, a) = Qr, We(ges, @) =0 inale,

0e(Ges, @) = Goo We(Ges, @) = € za ac {254, 255, 246, 247, 214, 215, 126, 127, 118, 119,
86, 87},

©6(qes, @) = qro We(qes, @) = e zaae {122, 123, 114, 115, 82, 83, 250, 251, 242, 243, 210,
211},

0s(qes, @) = 72 We(Qes, a) = € za a€ {95, 223},

?6(qes, @) = 73 We(Qes, @) =€ za ac {91, 219},

0e(qes, @) = q77 We(qes, @) = n za a€ {216, 217},

0669, @) = qr, Wo(qes, @) =0 inale,
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(g;(}qm, a) = qu Ye(qn, a) = e zaac {234, 235, 226, 2217, 194, 195,' 106, 107,798, 99, 66,
0s(q70, ) = q73 Ye(qmo, a) = e zaac{203, 75}, ;
oe(qro, @) = qrs Ye(qn, @) =w zaa€ {200, 201},

0s(qm, @) = g5, Ve(qm, @) =0 inale,

os(qn, @) = qn ve(qn, @) = e zaac{66, 67, 98, 99, 106, 107},
os(qn, 3) = g We(qn, @) = e zaae{110, 111, 102, 103, 70, 713},
odam, @)= qz we(an, @) =0 zaac{72, 73},

0s(qn, @) = qn ve(gn, @) =e zaa=19,
0s(qr1, @) = qrs Ye(qn, @) =e zaa =15,
Ps(qr, @)= qg, Ws(qn, @) =0 inace,

06(qn, @) = @7 Ye(qn, @) =n za ac{248, 249},
06(qm, @) = @12 We(qm, @) = e za ae {127, 255},
06(qm, @) = @13 We(qn, @) = e zaae{123, 251},
06(qm, @) = g5, We(qn, @) =0 inade,

0s(qn, a) = Q1 We(qn, @) =w zaac{72, 73, 104, 105, 232, 233},
0s(qm, @) = 4 Ve(qn, @) = e za a {107, 235},
9e(qr, @) = g5, Vs(qn, @) =0 inale,

0s(ar, )= q5, Ve(qrs, @) =0 za ac {104, 105},

0e(qre, @) = qra Ye(qr4, @) =€ zaa=107,
0s(qra, @) = @15 Ye(qm, @) =e zaa=111,
9e(q74, @) = q5, Ve(qrs, @) =0 inale,

0s(qrs, @) = qzs We(qrs, @) =e za ac{127, 255},
os(qrs, @) = qr7 We(qrs, @) = n zaas{248, 249},
os(qrs, @) = qrs Ws(q7s, @) = e zaac{123, 251},
os(qrs, @) = qr, Ws(q7s, @) =0 inace.

96(q7s, a) = qr We(q7s, a)=n za ae {210, 114, 115, 122, 123, 82, 242, 243, 250, 251,
219, 83, 211, 91}, ,

(|)5(q716i a) = qs We(q76, a)=w za ae{ bEAl b= ao+al2+a222+a323+a424+a525+a626+a727,
os(qr, @) = Q5 Ve(q7s, @) =0 inace,

0s(qr, @) = qr7 Ve(qm, @) =n zaa =123,
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06(qr, @) = Q17 We(qr1, @) =W Z2 A€ {104, 105, 107, 232, 233, 235},
06(q77, @) = q78 We(q7% a) =w zaac {248, 249, 251}, ’
0s(q77, @) = 481 We(qr7, @) =s zaa =41,

odar @) = 4, Vieam, &) =0 zaae (11,43},

0e(qr, @) = qz, Ws(qr, ) =0 inale,

06(q7s, @) = Qrs WelQrs, @) =W zaa =255,
06qrs, ) = qso We(Qrs, @) = € zaac {31, 63},
0e(qrs, @) = G Velqrs, @) =w zaa =127,
Pe(qrs, @) = Qg We(qrs, @) =0 inale,

0(qrs, @) = qro We(qro, @) =w zaa€{107, 11 13,
06(q79, @) = qso We(qro, @) =€ zaac {11, 15, 43,47},
Pe(qm, 6) = Q5 Ve(qr, @) =0 inace,

0s(qs0, @) = Q77 We(gso, @) =1 za @< {248, 249, 2513, |

06(Qso, ) = Qo We(qQso, @) =€ 22 ac{beAlb= ao+a12-1-3,2224-3323+a424+a525 +ag2%+a72,
a1 = 1},

Pe(Qsor ) = Q5 We(qso, @) =0 inale,

odqss, @) = u1 Ve(Gs, @) =w za a< (82, 83,91, 114, 115,122, 123,70, 71, 79, 102, 103,
110, 111, 66, 67, 75, 98, 99, 106, 107},

©s(qs1, @) = q5, We(Qs1, a) =0 inaCe,
Neka je M = {194, 195, 198, 199, 202, 203, 206, 207, 226, 230, 234, 235, 238, 239}gA.

Tada,
wis(Qes, ({Gi}> @) = We(qi, ({Qs}, @) Zai€{1, 2,3, 4, 5,6,7}, a€A,

Wke(qxs, ({qg}, a)) =0 ae M, = {202, 206, 234, 238, 194, 198, 226, 230}cM,
Wre(Gis, ({08}, @) = We(Qs, ({ake}, @) 22 aeMy,

Veelaee, (g0}, @) =0 @My = {195, 194, 203,239, 207, 235} M,
Vie(Gus, ({To}» @) = W@, ({dus}, @) 28 aeMy,

he(ase, ({quo), @) =0 ae My = {195, 194,203,239, 207, 235, 198, 199}M,
wielGxs, ({10}, @) = We(quo, ({Qus}, @) z2 aeMy,

Wis(qes, ({qa0}, @) =0, a€A,
06(qQas, ({axs}, @) = @31 We(@m, ({qus}, @) =€ za aeM
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Pz, (A}, @) = a, Wel(@s, ({A}, @) = 0 22 aeM, tj. ako se automati As, K¢ ne:

susretnu,

Vis(qks, ({Q30}, @)) =0, acA,
oe(q30, ({Gs}, @) = @31 W@, ({Qus}, @) = € za ac {194, 195, 198, 1993cM,
0@, (A}, @) = ;. Wel@sn, ({M), @) = 0 za ac{194, 195, 198, 199}, 4. ako se

automati A, K¢ ne susretnu.

Kolektiv Sg = (s, Ks) je definisan na sljede¢i na€in:
Qs = {gi|ie(L, ., 89}} U Qr,

02(qQ1, @) = Qs Ys(q1, a) =n zaa =148,

0(q1, @) = G2 ws(qi, @) =w zaac{208, 212},

q)3(q1, a) =Qs W3(ql’ a) =wzaac {80, 84}’

05(q1, @) = qg, Ws(q1, @) =0 inade,

0(q2, @) = q2 Ys(qo, a) =w za ae {255, 223, 214, 215, },
¢s(q2, @) = Q3 Ya(qe, a) = e zaae {22, 23,31, 150, 151, 159},
9s(q2, @) = Qo Ws(Q2, @) =w za ac{127, 95, 86, 87},

0s(q2, @)= G, We(qp, @) =0 inale,

0s(q3, @) = g4 Ws(q3, @) = n za ae {208, 212, 240, 244, 248, 252},

03(q3, @) = @3 Ys(qs, @) =e zaac{ beAlb= agta 2+a 2 +as2 ra2 ras2 ag2%+ar2’, a
=1},

0s(qs, @)= q5, V(g3 @) =0 inale,

0s(qs, @) = qs Ws(qs, @) =w zaae {208, 212, 240, 244},

03(qs, @) = Q2 s(qs, @) =w zaac {248, 252},

0s(as, a) = Gs Vs(qs, @) = € za ac {74, 78, 202, 94, 206, 218, 106, 110, 234, 126, 238,
250, 210, 242},

0s(qa, @) = Qs Vs(qs, @) = € za ac {214, 246, 222, 254},

05(q4, @) = qo Ve(qs, @) =w zaae {120, 124},

9s(qs, @)= g We(qs, @) =0 inale,

0%(qs, a) = qs vs(gs, a) =w zaae {214, 246},
0%(gs, @) = Q2 ys(qs, @) =w za ae {222, 254},
(P8(q5: a) = qFo ‘I’S(qS, a) = 0 inaéea

0s(ae, @) = g6 Vi(ge, a) = € za ac{98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198},
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05(qs, @) = q7 Ye(Qs, @) =W zaac {112, 116,244, 240, 80, 84, 208, 212},
(PS(q6, a) = qFo WS(q6’ a) =0 inaée’ 3

0%(q7, @)= Q7 Ys(qr, Q) =W zage {98, 102, 118, 246, 66, 70, 86, 214, 242, 210},
0%(q7, @) = qs Vs(qr, Q) =W zaae {74,78, 94, 218, 106, 110, 126, 250, 254, 222},
0s(q7, ) = q7 Vs(qz, @) =W Zaae {226, 230, 194, 198},

0%(q7, @) = Qs Ys(q7, Q) =w Zaae {202, 206, 234, 238},

0s(ar, @)= 5, Valar @) =0 inate,

03(qs, @) = qs Vs(gs, @) =W zaae {255, 223, 215, 251, 219, 211, 71,79, 111, 107, 75, 67,
214, 66, 210},

0s(qs, @) = Qo Ve(gs, a) =e zaac {22, 23, 31, 150, 151, 159},

02(qs, ) = qu Vs(qs, @) =n zaae {18, 19, 27, 146, 147, 155},

0s(gs, a) = s Vs(qs, Q) =W za de {203, 207, 194, 195, 198, 199, 235, 239},

9s(qs, @) = qz, Ws(gs, @) =0 inale,

08(qe, @) = Qo We(Qo, @) =W za A€ {211, 67, 210, 66, 255, 223, 70, 71, 107, 75, 215, 111,
79, 219, 251, 214},

@g(qo, @) = qio Wa(Qo,a) =€ za ae{22,23, 31, 150, 151, 159},

0s(qe, @) = qu Vs(Qo, a) =n zaac {18, 19, 27, 146, 147, 155}, _

0%(qo, @) = quo Ws(Qo,a) =€ Zaae {203, 207, 194, 195, 198, 199, 235, 239},

93(qs, @) = qg, Ws(qp, @) =0 inale,

(pg(qm, (_l) = (11 \]Is(qm, a) =nzadaec {210, 211, 219, 218, 250, 251, 242},

0(quo, @) = Qo We(quo, @) = e za ae{ beA[ b= agtay2+az2t+a 2 ra2 ras2 a2t +as2,
a = 1},

o5(qio, @) = q5, Ve(dios a)=0 inale,

(ps(qu, a) = \yg(qu, a) =W za e {214, 66, 194, 210, 248, 104, 232, 203, 215, 211, 67,
195, 216, 200, 72, 255, 223, 251, 219, 107, 75, 235, 249, 233, 105, 217, 201, 73},

o(qu1, @) = qu Ve(Qu1, a)=nzaac{18,19, 24, 25,28, 29, 27, 146, 147, 152, 153, 155},
o(qu1, @) = qiz Vs(Qu, g) =€ zaace {22, 23, 31, 150, 151, 159},

os(qu1, @) = q13 Va1, a)=w za ac{253, 125, 221, 93, 95, 127, 88, 92, 220, 252, 124,
120, 121, 89},

oe(qu1, @) = Qs Ve(qu, ) =€ 22 ac{10, 14, 30},

(ps(qu, a) = Q17 Ws(qll, a) =€ zade {26, 154, 158},

0s(qu, @) = q5, Ws(qu,a) =0 inate,

s(qiz, @) = qu Vs(quz, a)=n za a<{210, 211, 216, 217, 219, 248, 249, 251},

0(quz, @) = Quz We(Quz, @) = € za ae{ beA[ b= agtay2-+a,2 a2 a2 ras2 rag2t+an2,
a =1},

@s(qr2, @) = g, Ws(qu, @) =0 inale,
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vt b <+

02(q13, ) = qu3 ys(qis, @) =w zaae {107, 111, 214, 223, 255, 127, 215, 95},
08(qu3, @) = Qus Ws(qu3, @) =e zaae{11, 15, 7, 43, 47}, ; :
08(qu3, @) = Qs ws(qus, @) =n zaae {22, 23, 31, 63}, g
0s(qu3, @) = g5, We(qu3, @) =0 inale,

0s(qus, @) = Qua Ve(Qus, @) = € zaa€{107, 111, 79},
0g(qQus, @) = Qis We(qus, @) =n za ac {88, 89, 92, 93,95, 125, 127, 120, 121, 124},

0x(qus, @) = Qr, ye(quse, @) =0 inace,

os(qus, @) = qis ws(qis, @) = e za ae {246, 63, 30, 10, 14, 110, 111, 214, 66, 70, 86, 254,
126, 127, 106, 107, 43, 47, 62, 46, 42, 255, 31, 15, 11, 118, 98, 102},

(pg(qls, a) =(is \]Is(qls, a) =nzagac {56, 60, 124, 120, 24, 28, 112, 116, 80, 84},

08(q15, @) = Qs ws(qus, a) =w za ae {208, 212, 240, 244, 248, 252},

0s(qus, @) = Q7 Ws(qQus, @) = e za ae {154, 158, 26, 186, 190, 58, 59, 155, 159, 187, 191,
215, 211, 210, 250, 251, 242, 243, 247, 99, 103, 114, 115, 119, 122, 123, 67, 71, 82, 83,
87, 2503,

0s(qi5, @) = q5, We(qis,@) =0 inace,

(PS(an, a) =qQis ‘V8(‘ll6, a) =nzaae {30’ 31’ 62: 63’ 869 118, 126’ 127}7

q)g(qm, a) = Q16 \]Ig(qlg, a) =w 24 ae{ bEA] b= ao+a12+a222+a323+a424+a525+a(,26+a727,
a =1},

0s(qis, @) = G, We(Qis, @) =0 inale,

0s(q17, @) = Q17 Vs(q7, @) = e za a€{66, 67, 70, 71, 86, 87, 98, 99, 102, 103, 106, 107,
110, 111, 118, 119, 126, 127, 214, 215, 246, 247, 254, 255, 234, 235, 238, 239, 194, 195,
198, 199, 226, 227, 230, 231, 242, 243, 251},

0s(q17, @) = Qs Va(Qu7, @) = s za ae {93, 95,75, 79, 203, 207, 220, 216, 88, 89, 92, 219,
223,221,217, 72, 73, 91, 200, 201},

¢s(qu7, @) = q5, Ws(Qi7, @) =0 inale,

0s(qis, @) = Qi Ws(qus, @) = e za ae {107, 66, 67, 75, 31, 22, 23, 235, 203, 194, 195, 27,
18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150, 155, 146, 147},

0s(qQis, ) = Qs Ws(qus, @) = s za ae{24, 25, 72, 73, 152, 153, 216, 217, 200, 201, 184,
563,

0s(qus, @) = quo Ws(qus, @) =w za ac {104, 105, 232, 233, 248, 249},

0s(qus, @) = Qo We(Qus, @) = € za a {154, 158, 30, 62, 63, 59, 58, 26, 254, 250, 186, 187,
190, 191},

0s(Qis, @) = 22 Ws(qis, @) = w zaaec {80, 112, 120},

@8(qiz, @) = g5, We(Qus, @) =0 inale,

0s(qQis, @) = qus Wa(Qus, @) = 5 za a€ {223, 219,203, 75, 31, 159, 27, 155},
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0x(ts, @) = Us Ve, 0) =¥ 78 ae{ beA| b = aptar2tag2 +ay2 a2 a2 a2 ar,
=1}, -
0s(Q1s, @) = Q5. Ve(qro, @) =0 inale,

oe(qz0, @) = Qa0 Welao, @) = € za @ {235, 246, 214, 251, 254, 255, 250, 107},
08(qz0, @) = q21 Ys(dzo, @) =W zaac {208, 212, 224, 240, 244},

03(q20, @) = Q22 Ws(qao, @) =5 Za ac{104, 232, 248, 252},

0s(qa0, @) = g, Ws(qa, @) =0 inale,

08(q21, @) = Gaz Ys(dz, @) =5 22 ac{154, 158,30, 62, 58, 26, 254, 250, 186, 190},
0s(qa1, @) = Gz V(a1 @) =w zaac{ beAlb= apta a2 ey ra2 ras2 rag2 +ar’,
as =1},

08(qz21, @) = q5, Ws(qa1, @) =0 inale,

0(q22, @) = q22 Vs(qz2, a) =W Zaae {246, 66, 98, 120, 80, 112, 106, 107, 255, 127, 254,
126, 214, 86, 118, 248, 240, 208, 70, 102, 110, 124, 116, 84, 252, 244, 212, 111},

0(q2, a) = Q2 Ws(Qaz,a) =5 Zad€ {14, 46, 28, 60, 62, 30, 24, 56, 10, 42},

0#(qz2, @) = Q3 Ye(qaz, @) =€ zaae{l1, 15,31, 43,47, 63},

0(qQaz, 3)= Qs Ve(Gaz, @) =W zaae {222, 78, 95,223, 94, 74, 79, 75}, ‘.

08(q22, @) = Qas Ws(qe, @) = € za e {235, 203, 226, 194, 202, 234, 198, 230, 206, 238,
207, 239},

0s(qz2, @) = Q5 Vs(qm, @) =0 inale,

08(qz3, @) = G2 Ve(qe3, @) =5z ae{126, 120, 106, 124, 252, 248, 110, 254},

0s(qz, @) = @3 Ws(Qz, a) =e zaac{ beA|b = agta 2+a,2 a3 2> +a2 ras2 +ag25+as2’,
ar= 1},

0(q23, a) = q5, Vs(G3, a)=0 inale,

02(qas, @) = Q24 Ye(Qae, Q) =W zaaE {215, 87, 67, 71, 214, 86, 70, 66},
0x(qa4, @) = Q25 Ys(Gas, @) =€ Zaac< {194, 195, 198, 199},
0s(qae, @) = q, Ve(qas, @) =0 inale,

0#(qas, @) = Qs Ws(Qos,.@) = e zaae{ beAl b= agta;2+as2 a2 va2 as2 a2 ran2’,
a = 1, a= 0},

0(qes, @) = Qs Ws(Qas, a) = n za ac{ beA| 24<b<31 ili 56<b<63 ili 80<b<95 ili
112<b<127}, _

0#(qzs, a) = Qa6 Ye(Qas, a)=n zaae {beA| 144<b<159 ili 184<b<191},

0s(qs, @) = q5, We(a2s, a)=0 inade,

0%(qzs, a) = Qs Ve(dzs, @) =W 22 ac{ beA| 64<b<103 ili 112<b<119 ili 192<b<231 ili
240<b<247},
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08(Q265, @) = Qa6 We(Gos, @) =1 zaae{ beA| 16<b<25ilib=27ilib=28 ilib=29ili b =
31ili 144<b<159}, ,

0s(dzs, @) = Qus Ws(qas, @) = e za ae {26, 58, 186, 190, 154, 158},

08(d26, @) = q27 Ws(qas, @) =w za ae{106, 110, 122, 126, 234, 250, 254, 238},

08(26, @) = Q30 We(qas, @) = e za ac {10, 42},

0s(0as, @) = Q23 We(qas, @) = e 23 ac {14, 30, 46, 62},

0%(qz6, @) = g5, Ws(qas, @) =0 inate,

0«(q27, @) = Q27 Vs(qz7, ) =w za ac{107, 111, 127, 123, 235, 239, 251, 2553,
02(q27, a) = Qas Ws(qz7, a) = e zaae{15, 31, 63, 47},

0(q27, a) = Qus Y&(qQr, @) = € za ac {27, 187, 59, 155, 159, 191},

9%(q27, @) = Q30 We(qe7, @) =e zaae{11, 43},

0(qe7, @) = qr, y3(qz7, @) =0 inade,

0s(qzs, @) = Qa8 Wa(Qas, ) = ¢ za ae {254, 255, 246, 247, 214, 215, 126, 127, 118, 119,
86, 87},

Pe((s, @) = Qao W(Qs, @) = e za ac{122, 123, 114, 115, 82, 83, 250, 251, 242, 243, 210,
211},

05(q2s, @) = @31 We(qas, @) = e za ae {95, 223},

98(qzs, @) = Q32 We(qQze, @) = e zaae {91, 219},

03(q2s, @) = Q36 We(qzs, a) =n za ac {216, 217},

©8(q2s, ) = qs3 We(qas, @) =n za ac {220, 221},

®s(qzs, @) = qr, Wa(qas, @) =0 inale,

P20, @) = Q25 Wa(es, @) = e za ac {234, 235, 226, 227, 194, 195, 106, 107, 98, 99, 66,
67},

0(q29, @) = @32 We(Qes, @) = € zaac {203, 75},

@s(qas, @) = Qus Ws(qas, @) = e za ac{239, 207, 231, 238, 199, 230, 198, 111, 110, 102
70, 71, 103, 79},

02(q29, a) = Q35 We(qas, @) = w za ae {200, 201, 72, 73},

¢5(q2%, @) = q, Ve(qz, @) =0 inale,

b

0#(qs0, a) = gao We(qso, @) = e zaac{66, 67, 98, 99, 106, 107},
P(Q30, a) = Q28 Ws(qso, a) =e zaae{110, 111, 102, 103, 70, 71},
0%(qs0, a) = @31 Va(qzo, @) =e zaa =179,

0#(qs0, ) = @33 We(qso, a) =€ zaa =175,

¢s(q30, @) = qr, Ws(qs0,a) =0 inale,

0%(q31, @) = Gas Ws(q31, a) =n za ac {248, 249},
08(qs1, @) = qs3 We(qa1, @) =n za ac {252, 253},
9s(qs1, @) = @31 We(q31, @) = e za ac {127, 255},
08(q31, a) = Q32 We(Qs1, @) = e zaac {123, 251},
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0s(q31, a) = g, Ys(qs1, a) =0 inace,

0e(Qe, @) = Gss Wel(Qan, ) =W za ae {72, 73, 104, 105, 232, 233},
0s(Q32, @) = G32 Ye(qaz, @) = e zaac{107, 235}, ‘
0s(qQs2, @) = Qo7 Ws(Qs2, @) =e zaa =111,

0s(q32, @) = Qg vs(qa, @) =0 inade,

0%(qa3, 3) = Q33 Ye(Qs3, @) =€ zaa =107,
0s(Q33, @) = @34 Wa(qs3, @) =e zaa=111,
0(qs3, @) = qg, Ws(qs3, @) =0 inace,

0s(q34, a) = QG4 We(Qa, a) = € za a {127, 255},
0s(q34, @) = @s Ws(Qas, @) =1 za ac {248, 249},
9s(qas, @) = @2 We(qze, @) = € zaac{123, 251},
0s(qse, @) = q, Ws(qss, @) =0 inale.

o(qss, @) = qas We(qss, @) = n za ac{210, 114, 115, 122, 123, 82, 242, 243, 250, 251,
219, 83, 211, 91},

(Mq”i a) = qss. We(qss, @) =w zaae{ beA| b= agta 2+a,2%+a;2° +a 2 ras2 +as2+as2’,
as =1},

0s(qss, a) = 4y, wg(qss, @) =0 inace,

0s(q36, @) = qas We(Qss, 9) =n zaa =123,

0s(Q36, 9) = Gss Wa(qss, @) =W za a {104, 105, 107, 232, 233, 235},
os(qss, @) = @37 Va(Qse, @) =W za ac {248, 249, 251},

0s(qs6, @) = qus Wa(qze, @) =w za ac {120, 121, 124, 125},

06, 9) = qa2 Ws(Qss, @) =w za ae{252, 253},

0s(qss, @) = Qao We(qss, @) =5 zaa =189,

0x(as6, 3) = a;, Ve(ae, @) =0 inale,

0s(qs7, a) = @37 Ve(qs7, @) =w zaa =255,
0(qa7, @) = @zo We(qs7, @) =e zaac{31, 63},
0=(qs7, @) = qso Ws(qsr, a) =e zaac {159, 191},
0(q37, 9) = @8 Ws(@s7, Q) =w zaa= 127,
0%(q37, @) = Qg ya(qs7, @) =0 inace,

0(qQss, @) = @38 Ws(qss, @) =w zaac{107, 111},
9s(q3s, @) = @0 Ws(qss, @) = e zaac{ll, 15,43, 47},
0s(qas, @) = qus We(Qas, @) =w za ac {239, 235},
0s(qss, @) = qE, we(qss, @) =0 inace,

a9, @) = qzs We(qas, @) = n za ac {248, 249, 251},
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: ¢8(Q39i a) = Qs Va(qse, a) = e zaae{ beAlb= agtar2+a;2% 4232 +ag2 +as2 +ag25+ar2’
a=1 ) ’

98(qss; @) = q5, Ye(q9, @) =0 inale,

0g(q40, @) = Qa0 Ws(Quo, @) =w zaae{82, 83, 91,114, 115, 122, 123,70, 71, 79, 102, 103,
110, 111, 66, 67, 75, 98, 99, 106, 107},

0s(q40, 9) = qu Ve(quo, @) =e zaac{10, 11, 14, 15, 42, 43, 46, 47},

Ps(qe0, @) = g We(quo @) =0 inade,

08(q41, @) = qs3 Y&(qe1, @) =n zaa =189,

05(qa1, @) = Qa1 ye(qu, @) =n zaae{122, 123,114,115, 82, 83,91},

<p3(q411i @) = qu ys(qe, @) =€ zaac{beA/ b= agta 2tag2 a0 a2 a2 +ag28+as2’,
ar = »

#s(q41, @) = g5, W8(qa, @) =0 inale,

0%(qaz, @) = Qa2 Ve(qaz, @) =w zZaa =255,

08(Q4z, a) = Qa3 Va(qez, @) =e zaac{31, 191, 63, 159},
03(qQa2, @) = qae Y&(Quz, @) =w zaa =127,

0(qe2, @) = q, Va(qez, @) =0 inale,

0s(q43, @) = Qa3 Ve(qus, @) =€ zaa =255,
¢%(q43, @) = gs3 Ya(qas, @) =n zaae{252, 253},
0s(q3, @) = q, Ws(qe, @) =0 inale,

@s(Qas, @) = qus Ys(qus, @) =W zaa€{251, 255},
0s(Qas, @) = Qus Ve(qQas, @) = e zaae {31,191, 27, 63, 159, 187, 59, 155},

0(qes, @) = q, Ws(qes, @) =0 inale,

08(qQus, @) = Qas Wa(qas, @) =w za ac{248, 249},

<p3(q415i a) = qus Ya(qas, @) =e zaac{ beAjb= ao+a12+a222+a323+a424+a525+a626+a727,
ai=1j,

0(q4s, @) = q5, We(qus, @) =0 inale,

0s(qQus, @) = Qus We(Qus, @) =w zaac {216,217, 220, 221, 88, 89, 92, 93},

0(qQss, a) = Qa7 We(Qus, @) = € zaae {223,779, 95, 75, 219, 203, 207},

(pg(q.;fi a) = Qs Ws(Qas, @) =e zaac{beA|lb= ao+a12+a222+a323+a42441525+a626+a727,
a=lyg,

0(qas, @) = q, We(qss, @) =0 inade,

¢(q47, @) = Qa7 V&(qe7, ) = e zaac {111, 127, 107, 251, 235, 255, 239},
03(q47, @) = Qus Ys(Qe7, @) =w za ac {248, 249, 252, 253, 120, 121, 124, 125},



0s(Qe7, @) = g5, Ws(Qur, @) =0 inale,

08(Qus, @) = Qas Ws(qas, @) = w za ae {255, 127,223, 95, 111, 75, 247,119, 215, 87, 103,
71, 67,99, 75, 107, 126, 254, 110, 246, 214, 118, 86,70, 102, 106, 98, 66},

08(Qas, @) = so Ws(qus, @) = € zaac{158, 159, 190, 191},

0s(qss, @) = q;,  Ws(qus, @) =0 inale,

08(qus, @) = Qao We(Gao, @) =W za a€{251, 211, 243, 250, 210, 242, 255, 214, 246, 254,
219, 215, 247, 223},

02(qa9, @) = qso We(Qqa9, a) =e za ae {30, 31, 62, 63, 158, 159, 190, 1913},

08(qas, @) = Qeo Ws(qes, @) =1 za ac{187, 155, 59, 27, 186, 154, 58, 26},

0s(qe, ) = g5 Ve(Qw, @) =0 inale,

0s(as0, @) = Geo Wa(Gse, @) = 1 za @€ {251, 211, 243, 250, 210, 242, 219},

0%(qs0, @) = qs3 Ye(qso, @) = n za ae {216, 217, 220, 221, 248, 249, 252, 253},

05(qs0, @) = so We(Qso, @) = € za ac{ beA| b= agta 2 +as2 a2 a2 ras2 +ag2 an2’,
a= 1},

@s(gs0, @) = q, We(qs0, @) =0 inale,

0s(as1, @) = gs1 Vs(gs1, @) =W za @€ {255,223, 214,215, },
0s(qs1, @) = Gs2 We(Qs1, @) =€ zaac {22, 23, 31, 150, 151, 159},
¢2(qs1, @) = qsg Ws(Qsi, a)=w zaac {127, 95, 86, 87},

@s(qs1, @) = g5, Wa(Qs1,a) =0 inade,

0(qs2, @) = qs3 Wa(Qs2, @) =n zaae {208, 212, 240, 244, 248, 2523,

03(qs2, @) = Q52 Vs(qs2, @) = € za ae{ beA|b= ao+a12+a222+a323+a424+a525+a626+a727,
ay = 1},

0s(as2, @) = g5, Ws(gs2, @) =0 inale,

0s(gs3, a) = qss Ws(gs3, @) =w zaae {208, 212, 240, 244},
(pg(q53, a) = (Qs1 \lls(q53, a) =wzaac {248, 252}, :
02(gs3, @) = Qss We(Qs3, @) = €. zaae {74, 78, 202, 94, 206, 218, 106, 110, 234, 126, 238;:
250, 210, 242},
08(gs3, @) = Qs3 Vs(qs3, @) = e za ae {214, 246, 222, 254},
0s(qs3, @) = q, Wa(qs, @) =0 inade,

08(Qse, @) = s W(Qss, @) =W zaac {214, 246},
0s(qss, @) = Q51 Ws(qss, @) =W zaae {222, 254},
0s(qs+, @) = g5, We(qss, @) =0 inade,
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B

- @s(qss, @) = qss Ws(qss, @) = e za a {98, 102, 118, 246, 226, 230,.66, 70, 86, 214, 194,
198}, :
+0u(qss, @) = Qss Wa(gss, @) =w zaaef112, 116, 244, 240, 80, 84, 208, 212},
9s(gss, @) = 9, we(gss, @) =0 inace, o

0s(qQss, @) = Qs Ws(gse, @) = w za ac{98, 102, 118, 246, 66, 70, 86, 214, 242, 210},
0s(qss, @) = qs7 Ws(gse, @) = w za ac{74, 78, 94, 218, 106, 110, 126, 250, 254, 222},
08(qss, @) = qss Ws(Qss, @) =w za a {226, 230, 194, 198},

0s(gqss, @) = qs7 Ws(qse, @) =w za ac {202, 206, 234, 238},

Px(Qs6, @) = qg, Va(qss, @) =0 inale,

03(qs7, @) = qs7 Vs(qs, @) = w za ae{255, 223, 215, 251, 219, 211, 71, 79, 111, 107, 75,
67, 214, 66, 210},

(pg(Q57, a) = (s9 \ys(Q57, a) =e zaac {22, 23, 31, 150, 151, 159},

0(qs7, @) = qeo Ws(Qs7, @) =n zaac{18, 19, 27, 146, 147, 155},

0s(qs, @) = Q57 Vs(qs7, @) = w za a€{203, 207, 194, 195, 235, 239, 198, 199},

9s(qs7, @) = g5, Ws(Q57,@) =0 inade,

¢3(Qss, @) = qss Ws(Qo, @) =W za ac {211, 67, 210, 66, 255, 223, 70, 71, 107, 75, 215,
111, 79, 219, 251, 214},

03(Qss, @) = Qso Ws(qQss, a) = e zaae{22, 23, 31, 150, 151, 159},

0s(Qss, @) = Geo We(qss, @) =n zaac{18, 19, 27, 146, 147, 155},

0s(qss, @) = qss Ws(Qss, @) =w zaae{203, 207, 194, 195, 235, 239, 198, 199},

02(qss, @) = qg, Ws(qss, a) =0 inale,

02(qs9, @) = Geo Ws(qss, @) = n za ae {210, 211, 219, 218, 250, 251, 242},

0s(qss, @) = qso Ws(qQse, @) = e zaac{ beA| b= ao+312+3222+8323+a424+a525+a626+a727,
a =1},

0(qse, @) = Qg ys(Qse, @) =0 inace,

0s(qeo, @) = geo We(Qeo, @) = W za ac{214, 66, 194, 210, 248, 104, 232, 203, 215, 211, 67,
195, 216, 200, 72, 255, 223, 251, 219, 107, 75, 235, 249, 233, 105, 217, 201, 73},

05(Qs0, @) = Qoo We(qeo, @) = n zaae{18, 19, 24, 25, 28, 29, 27, 146, 147, 152, 153, 1553},
0(qeo, @) = Q61 We(Qeo, @) = e zaae {22, 23, 31, 150, 151, 159},

0(ae0, @) = g2 Ve(Qs0, @) =W za {253, 125, 221, 93, 95, 127, 88, 92, 220, 252, 124,
120, 121, 89}, ,

©8(qeo» @) = Qes Wa(qeo, @) = e zaa€{10, 14, 303,

©s(deo, @) = Q5 Ws(Gen, @) =0 inade,

05(gs1, @) = Qeo Ve(qe1, @) = n zaac{210, 211, 216, 217, 219, 248, 249, 251},

08(qe1, @) = Ge1 Ws(Qe1, a) =e za ac{ beAlb= ao+alz+a222+a323+a424+a525+a626+a-,27,
a =1},



®s(qe1, @) = Q5 We(qe1, @) =0 inale,

0x(qez, @) = G2 We(Qez, @) =w zaae{107, 111, 214, 223, 255, 127, 215, 95},
05(qe2, @) = 3 We(Qez, @) = € zaac{11, 15,7,43, 47},

08(qez, @) = qes Ws(qez, @) =n zaac{22, 23,31, 63},

0e(qez, a) = Qg ys(qe2, @) =0 inace,

05(qe3, @) = qe3 Ws(Qes, @) = e zaac{107, 111, 79},
0s(qs3, @) = Ges We(qes, @) =n zaac {88, 89,92, 93, 95, 125, 127, 120, 121, 124},
063, @) = q5, We(Ges, @) =0 inale,

08(qss, @) = Qos Ws(Qes, @) = € za ac {246, 63, 30, 10, 14, 110, 111, 214, 66, 70, 86, 254,
126, 127, 106, 107, 43, 47, 62, 46, 42, 255, 31, 15, 11, 118, 98, 102},

02(qes, @) = Ges We(qss, @) =n zaae {56, 60, 124, 120, 24, 28, 112, 116, 80, 84},

0%(qss, @) = Qes We(qes, @) =w zaac {208, 212, 240, 244, 248, 252},

0s(qes, @) = Qes Ws(qes, @) = € za ac{242, 247, 243, 119, 114, 115, 103, 99, 250, 251,
122, 123, 215, 210, 211, 67, 71, 87, 82, 83},

©s(des @) = q5, Wa(qss, @) =0 inade,

(pg(@[ss,ra) = Qo4 Ys(Qes, @) =N Zaae {30, 31, 62, 63, 86, 118, 126,.127},

05(qss, @) = Qes We(des, @) =w za ac beAlb= ao+a12+a222+a323+a424+a525+a626+a727,
as =1},

08(qss, @) = q We(qes, @) =0 inade,

os(qss, @) = Gss We(Qss, @) = € za ac {66, 67, 106, 107, 98, 99, 194, 195, 226, 227, 234,
235},

¢s(Qes, @) = 67 We(Ges, @) =5 za ac{223, 219, 216, 217, 200, 201, 203, 91, 95, 75, 79,
72, 73},

03(qss, ) = q5, Ws(qes, @) =0 inale,

03(qe7, @) = Q67 We(qe7, @) =€ za a€{107, 66, 67, 75, 31, 22, 23, 235, 203, 194, 195, 27,
18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150, 155, 146, 147},

0s(qe7, ) = Ge7 Wa(Qer, @) =5 za ac{24, 25, 72, 73, 152, 153, 216, 217, 200, 201, 184,
56},

08(qe7, @) = Qs We(qer, @) =w za ac {104, 105, 232, 233, 248, 249},

0s(qe7, a) = Geo We(ger, @) = e za ac {154, 158, 30, 62, 63, 59, 58, 26, 254, 250, 186, 187,
190, 191},

0(qe7, @) = qn We(qe7, @) =w zaac{80, 112, 120},

0%(Qe7, @) = qr3 We(qer, @) =w zaac {88, 89, 121},

0s(qs7, @) = Qi Ws(qer, @) =0 inale,
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0s(qges, @) = qs7 Ws(qes, @) = s za ae {223, 219, 203, 75, 31, 159, 27,.155}, . :
0s(qes, a) = Qes Ws(Qes, @) =w zaac{ beA|b= ap+ar2+a2 +as2% a2 ras2>+as2%+as2’
0s(qes, @) = q5, Ws(qes, @) =0 inale,

0(qes, @) = Qeo We(qQes, @) = e za ac {235, 246, 214, 251, 254, 255, 250, 107},
08(qes, @) = qro Ws(Qeo, @) =w za ac {208, 212, 224, 240, 244},

0e(qes, @) = qn We(qes, a) = s za ac {104, 232, 248, 252},

9s(qes, @) = Q5 Ws(qey, @) =0 inale,

0g(q7, @) = qn Ws(qm, @) = s za ac {154, 158, 30, 62, 58, 26, 254, 250, 186, 190},
0s(qm, @) = g Ye(Qm, @) =w za ac{ beA| b = agtar2+ar2’+a;2 a2 +as2 +as2"+a72,
as =1},

08(qro, @) = 5, Ws(qm, @) =0 inale,

0s(q71, @) = qn ws(qn, @) = w za ae {246, 66, 98, 120, 80, 112, 106, 107, 255, 127, 254,
126, 214, 86, 118, 248, 240, 208, 70, 102, 110, 124, 116, 84, 252, 244, 212, 111},

0g(qn, @) = qn Vs(qn, a) = s za ac {14, 46, 28, 60, 62, 30, 24, 56, 10, 42},

0s(qn, @) = qn vs(qn, @) =e zaae{ll, 15, 31, 43, 47, 63},

0(q7, @) = Q7 Ws(qn, a) =w zaae{222, 78, 95,223, 94,74, 79, 75, 253, 221, 249, 217,
125, 92, 93, 121, 88, 89, 216, 220},

¢(qn, @) = q5, Ws(qn, @) =0 inade,

(pg(q72, a) =qn Ws(qn, a) =szZade {126, 120, 106, 124, 252, 248, 110, 254},

0s(qr, @) = qnr2 Ws(qm, @) =e zaac{beA|b = ag+a;2+a;2 a3 2% +a2 a5’ +as2%+as2’
a = l},

0s(qn, @) = q5, Ws(qn,a) =0 inale,

08(qn, a) = qn vs(qm, @) =w zaae{ beAlb = ag+a;2+ay2%+a;2>+a 2 +as2 > +ag25+as2’,
a =1},
0s(qm, @) = q, Vs(qn,a) =0 inale,

0s(qre, @) = qus Ws(qQes, @) = e zaae{beA|lb= ag+a;2+a,2%+a32>+a,2 a2 +ag25+a;2’
a;=1,a4=0},

0(q74, @) = Qua Ye(qua, @) = n za ae{ beA| 24<b<31 ili 56<b<63 ili 80<b<95 ili
112<b<127}, ,

0%(q7a, @) = @75 Vs(qrs, a) =n za ac {be A| 144<b<159 ili 184<b<191},

08(qra, @) = q; Vs(qr, @) =0 inale,

0s(qrs, @) = qrs We(qas, @) = w za ae{ beA| 64<b<103 ili 112<b<119 ili 192<b<231 ili
240<b<247},
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os(qrs, @) = ars Wslqrs, @) =n za ac { beA| 16<b<29ili b = 31ili 144<b<159},

0s(ars, a) = Qs Ve(qrs, a) = w zaae{106, 110, 122, 126, 234, 250, 254}, “
08(qr3, @) = g0 Ye(qrs, 9) = e za ae {10,.42}, .
0s(qrs, @) = qr7 We(qrs, @) =e za ac {14, 30, 46, 62}, |
9s(qrs, @) = qp, vs(qrs, a) =0 inade,

0s(q76, @) = q7s Ws(qrs, @) =w zaae{107, 111, 127, 123, 235, 251, 255},
05(qrs, @) = qr7 Vs(qre, a) = e zaae {15, 31, 63, 47},

0(q6, @) = qr9 We(qQre, @) = € zaae{l11, 43},

Ps(qrs, @) = q5, Ws(qrs, @) =0 inace,

;p;(qs—;;,}a) = qn vs(qr, a) = e za ac {254, 255, 246, 247, 214, 215, 126, 127, 118, 119,
(zpf(]%n’ a) = qs ve(qm, a) = e za ac {122, 123, 114, 115, 82, 83, 250, 251, 242, 243, 210,
(P8(q77, a) = qso W8(q77, a) =ezaaec {95: 223}>

0s(qr, @) = qs1 Vs(qm, a) =e zaac{91, 219},

05(q7, 9) = qss Ws(qr, @) =n za ac{216, 217},

¢s(qr, @) = q5, Ws(qr7, @) =0 inade,

q)g(}q-;g, a) = qzs Vs(qrs, a) = e za ac {234, 235, 226, 227, 194, 195, 106, 107, 98, 99, 66,
67},

0s(q7s, a) = qs1 Ws(qrs, a) = e za ac {203, 75},

(pg(q7g, a) Qs4 \llg(qn, a) W zZaac {200 201 72 73}

0(qms, a) = I, ys(q7e, @) =0 inale,

0s(ar, @) = Qoo We(qrs, @) = e za ae {66, 67, 98, 99, 106, 107},
0s(qrs, @) = qr7 ws(qm, @) = e zaae{110, 111, 102, 103, 70, 71},
0s(am @) = q;  Ws(am, @) =0 zaaec{72, 73},

0s(qm, @) = qso Ve(m, a)=e zaa=179,
0s(qm, @) = qs2 Ys(qre, a) =e zaa =175,
Ps(qm, @) = q, Vs(qm, ) =0 inale,

@s(gso, a) = Qa5 We(qso, ) = n za ac {248, 249},
9s(qso, ) = qso Ws(qso, @) = e zaac {127, 255},
©s(gso, @) = Gs1 Ws(qso, 9) = e za ae {123,251},
Ps(qso, @) = q5, Vs(qe, @) =0 inale,

(pg((]gl, a) = (Qs4 \]lg(qgl, a) =w zadac {72, 73, 104, 105, 232, 233},
9(qs1, ) = Qa1 Ws(qs1, a) = e zaac {107, 235},
Ps(gs1, @) = q Vs(qa1, @) =0 inale,
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0s(q2, @) = qz. vs(Gm, @) =0 zaae {104, 105},

0(qs2, a) = g2 Ye(Qs2, @) =€ zaa =107,
¢s(qs2, @) = Gs3 Ys(qss, @) =e zaa =111,
05(qs2, @) = qy, Ws(qes, @) =0 inade,

0s(qss, @) = qss Vs(qe, @) = e zaac {127, 255},
0s(qs3, @) = Gss ws(qss3, a) =n za a€ {248, 249},
05(qs3, @) = Gs1 Ws(ss, @) = e zaae {123, 251},
0s(qs3, a) = qr, Ws(gss, @) =0 inale.

0s(qes, @) = Gss Weqss, @) =1 za ac(210, 114, 115, 122, 123, 82, 242, 243, 250, 251,
219, 83, 211, 91},

02(qss, @) = Qss Ve(Qss, @) =W za ae{ beAlb= ao+'¢112+a222+a323+a424+21525 +ag2%+a72’,
as =1},

0#(qss, @) = g5, Ve(qss, @) =0 inale,

@s(dss, @) = qss Ys(qss, @) =n zaa =123,

02(qss, @) = qss Ws(gss, @) =w zaa< {104, 105, 107, 232, 233, 235},
0s(qss, @) = Gss Ws(Qss, @) =w zaac {248, 249, 251},

9s(qss, @) = qso Vs(Qss, @) =s zaa =41,

ox(dss, ) = a5, Vs(dss, @) =0 zaae{11,43},

0«(qse, @) = qss Vs(qss, @) =w zaa =255,
©8(qss, @) = dss ye(ss, @) = € zaae{31, 63},
0(qss, @) = g7 Vs(qQse, @) =w zaa =127,
08(qss, @) = g vs(Qss, @) = 0 inade,

0%(qs7, @) = Gg7 V&(Qs7, @) =w zaac {107, 111},
0%(qs7, @) = qss Ws(qsr, @) = e zaac {11, 15,43, 47},
0(qs7, @) = q5, Ws(qsr, @) =0 inale,

©s(qss, @) = qss Ye(qss, @) =n zZaae {248, 249, 251},
0g(qss, a) = qss We(qss, aQ)=ezaac{beAlb= ao+a12+a222+a323+a424+a525+a626+a727,
a=1},

@s(qss, @) = q, Ws(ss, @) =0 inale,

08(ass, @) = Qss We(Gss, @) = w za ac {82, 83,91, 114, 115,122, 123, 70, 71, 79, 102, 103,
110, 111, 66, 67, 75, 98, 99, 106, 107},
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0s(ds, @) = @, Vs, @) =0 22.0€{10, 11, 14, 15, 42, 43, 46, 47},
0(s9, @) = q5, Val(qey, @) =0 inace,
Neka je M = {194, 195, 198, 199, 202, 203, 206, 207, 226, 230, 234, 235, 238, 239}CA.

Tada,
\ng(qk& ({ql}s a)) = Wg(qis ({qkﬁ}s a)) zaie {17 2,3,4, 5, 6}7 aeA,

Wis(qxs, ({q7}, a)=0 ae M; = {202, 206, 234, 238, 194, 198, 226, 230}cM,
vie(Gxs, ({97}, @) = we(aq7, ({qxs}, @)) za aeMy,

wie(qus, ({8}, @) =0 aeM; = {195, 194, 203, 239, 207, 235}M,
wis(Qes, ({qs}, @) = ws(gs, ({que}, @) za aeM;,

vis(Qus, ({0}, @) =0 ae My = {195, 194, 203, 239, 207, 235, 198, 199}cM,
wie(qis, ({Qs}, @) = we(Qo, ({aks}, @) 28 aeM,,

08(q22, ({Qis}, @) = Qs We(Qz, ({Quis}, @)) = € zaaeM\ {195,199}

0s(q22, ({A}, a)) = g, we(qz, ({A}, @) =0 za aeM\ {195, 199},_ tj. ako se automati

Ags, Kz ne susretnu,

024, ({Qus}, @) = Qs Wiee(Qis, ({Qas}, @) = We(Qas, ({Qus}, @) = ¢ za ae {194, 195, 198,
199} M,
02(q2e, ({A}, @) = qg, ve(qz, ({A}, @) = 0 za ae{194, 195, 198, 199}, tj. ako se

automati Ag, Kg ne susretnu.
Neka je M = {194, 195, 198, 199, 202, 203, 206, 207, 226, 227, 230, 231, 234, 235, 238,

239}CA. Tada,
wie(qus, ({1}, @) = we(qi, ({ais}, @) za 1€ {25, 26, ..., 47}, aeA,

Wie(qxs, ({qas}, 2))=0 aeM \{202, 206},
Wies(Qs, ({Qus}, @) = We(Qes, ({Qus}> @) 22 a2M\{202, 206},
WkS(qk& ({ql}> a)) = \Vs(Qi, ({qks}> a)) zaie {50: 51’ cees 55}7 GGA,

wks(qu, ({qss}, a)) =0 aeM; = {202, 206, 234, 238, 194, 198, 226, 230}CM N
Wis(Qrs, ({056}, @) = Ws(ss, ({Qus}, @) = we(qss, @) za aeMy,

Vie(Qes, ({057}, @) =0 @eMy = {195, 194,203, 239,207, 235, 198, 199}cM,
wis(Qks, ({Qs7}, @) = Ws(Qs7, ({qus}, @) 28 aeMy,

Wie(qrs, ({Qse}, a))=0 ae M, = {195, 194, 203, 239, 207, 235, 198, 199}cM,
Wis(Qes, ({058}, @) = Ws(ss, ({Que}, @)) = Wse(Qss, @) za aeMy,

' vislaus, ({an}, @) =0, aeA



os(am, ({axs}, @) = are Wslan, ({aws}, @) = e za aeM\{195, 199, 227, 231}
1([)8(971, (A}, a)) = qr, we(qn, ({A}, a) =0 za aeM\{195, 199, 227, 231}, tj. ako se

automati Ag, K ne susretnu,

Vie(Qxs, ({qn}, @) =0, aeA
0s(qm, ({qxs}, @) = a7 Ws(an, ({qis}, 9)) =€ za aeM,
o5(an, ({A}, @ = g, we(gn, ({A}, @) =0 za aeM, tj. ako se automati Ag, K¢ ne

susretnu.

Kolektiv So = (4o, Ky) je definisan na sljedeci nacin:
Q6 = {ql l iE{l, SR 79}} o QFn

(p9(q17 a) =q2 \V9(QI, a) =wZzZaae {809 112: 208: 240},
0s(a1, @) = qy, Ws(q, @) =0 inace,

05(qz, @) = g6 Yo(qa, @) =n zaa =148,

0o(qz, @) = @3 Wo(q2, @) = e za ae{18, 22,146, 150},

@o(2, @) = Q2 Yo(qz, @) = s za ae{ be Alb= a0+a12+a222+a323+a424+a525+3626+a727, a5
=0, a3 =1},

0s(q2, @) = q2 Wo(qa, @) =w zzac{ beAlb= ao+a12+a222+a323+a424+a525+3626+a727, ac:
= 1, a = 0},

0s(qz2, @) = qp, WYo(qz, @) =0 inale,

0s(qs, @) = Qs We(qs, @) =w zaac{208, 212},

0s(qs, @) = qn Vs(gs, @) =w za ac {80, 84},

09(qs, @) = q3 Ys(qs, @) =€ zaae{ beA| b= agta;2ta2 a2 va2 ras2 +ag2t+as2’, a
= 1},

0s(q3, @) = q, VYo(qs, @) =0 inale,

¢s(qs, a) = q4 Yo(qs, a) =W zaac {255, 223,214, 215, },
0s(qs, @) = qs Ye(qs, @) =€ zaac {22, 23, 31, 150, 151, 159},
0o(qa, @) = qu Wo(qa, @) =w za a{127, 95, 86, 87},

0s(qs, @) = Q, Wo(qs, @) =0 inace,

0«(qs, @) = g6 We(gs, @) = n za ac {208, 212, 240, 244, 248, 252},

0s(gs, a) = qs Wo(gs, a) = e za a&f beAlb= ao+a;2+a222+a323+a424+a525+a626+a727, a
= 1}’

¢9(q59 a) = qFo w9(q5> a) = 0 inaée:

©o(as, @) = q7 Wo(Qe, @) =w za ac {208, 212, 240, 244},
0o(qs, a) = G4 Vo(gs, @) =W zaac {248, 252},

100



05(qs, @) = G Ys(qs, @) = € za ac {74, T8, 202, 94, 206, 218, 106, 110, 234, 126, 238,
250, 210, 242}, :
0(qs, a) = qs Wo(qs, @) = € za ac {214, 246, 222, 254}, , i

0s(gs, @) = qu Wo(gs, a) =w zaae{120, 124},

®9(gs, @)= q5, Wo(gs, @) = 0 inale,

0o(q7, @) = q7 yo(qr, @) =w zaac{214, 246},
0s(qr, @) = Qs Wo(qr, @) = w zaae {222, 254},
®s(q7, @)= Qg Ws(qr, @) =0 inale,

0o(qs, @) = qs Wo(Qs, @) = € za ac{98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198},

0s(qs, @) = Qo Wo(qs, @) =w zaac{112, 116, 244, 240, 80, 84,208, 212},

®o(gs, @)= q, Vs(gs, @) = 0 inale,

0s(qs, @) = Qo Yo(Qqo, @) = w za ac {98, 102, 118, 246, 66, 70, 86, 214, 242, 210, 226,
230, 194, 198, 146},

0%(qe, @) = quo We(qo, @) =w za ac{ 74, 78, 94, 218, 106, 110, 126, 250, 254, 222, 202,
206, 234, 238},

?s(ds, @) = Qg Wo(q9, @) =0 inale,

(Pg(qm, a) =qi0 \V9(q10, a) =W Zaae {255, 223, 215, 251, 219, 211, 71, 79, 111, 107, 75,
67, 214, 66, 210, 203, 207, 194, 195, 235, 239, 198, 199},

0o(qi0, @) = quz Wo(quo, @) = e za ac {22, 23, 31, 150, 151, 1593,

0(q10, @) = qu3 Yo(Qio, @) =1 za ac{18, 19, 27, 146, 147, 155},

@o(qQu0, @) = qg, Wo(qro, @) =0 inade,

0s{qi1, @) = qu1 yo(qui, @) =w za ae{211, 67, 210, 66, 255, 223, 70, 71, 107, 75, 215,
111, 79, 219, 251, 214, 194, 195, 198, 199, 203, 207, 235, 239},

0s(q11, @) = Q12 We(qu1, @) = € zaae {22, 23, 31, 150, 151, 159},

0s(q11, @) = Qi3 Wo(qu, @) =n za ac{18, 19, 27, 146, 147, 1553,

@o(qu1, @) = gz, Wo(qu, @) =0 inale,

0o(q12, @) = qi3 Yo(qi2, @) =n zaac{210, 211, 219, 218, 250, 251, 242},

0o(q12, @) = Qiz Yo(quz, @) = € zaae{ beA| b= agtay2+a, 2% +a; 2 +ag2 +as2 +ag2 +an2’,
a = 1},

0s(qi2, @) = Qg, yo(qi2, @) =0 inace,

0o(q13, @) = qus Yo(q3, @) =w zaae {214, 66, 194, 210, 248, 104, 232, 203, 215, 211, 67,
195, 216, 200, 72, 255, 223, 251, 219, 107, 75, 235, 249, 233, 105, 217, 201, 73},
0s(q13, @) = Qi3 Ws(qus, ) =n zaae{18, 19, 24, 25, 27, 146, 147, 152, 153, 155},
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0s(Q13, @) = qua Wo(qus, @) = e zaac {22, 23, 31, 150, 151, 1593,
0s(qi3, @) = Qus yo(qus, @) =e zaae{2,3, 11},

@o(qu3, @) = Qis Wo(qu3, @) =5 zaac{8, 9},

0o(q13, @) = q5, Ws(qus, @) =0 inace,

0s(qua, @) = Qi3 Wo(qQus, @) = za ac {210, 211, 216, 217, 219, 248, 249, 251},

05(q14, @) = Qus Yo(qua, @) =€ zaac{ beA|lb= apta2+a2 a2’ +ag2 +as2’ +ag2%+a72’,
a1 = 1}, '

®o(qus, @) = Qg W(qus, @) =0 inale,

os(qus, @) = Q6 Ws(qus, @) = n za ac{127, 126, 94, 95, 86, 87, 80, 84, 112, 116, 120,
124},

@s(qis, @) = qus Wo(qis, @) = s zaac{ beAl b= ag+a,2-+a;2 a2 +as2 +as2>+as28+as2’,
asz = 1, a1 = O} ,

05(q1s, @) = qis Wo(qus, @) = e zaae{ beAl b= apta 2+a,2 a2 +ag2 ras2 +ag25+as2’,
a =1},

¢s(q1s, @) = qr, o(qis, a) =0 inale,

0o(qis, @) = Qi Wo(Qis, @) = e za ac{30, 10, 14, 214, 66, 70, 86, 11, 15, 31, 255, 254,
127, 126, 246, 118,98, 102, 63, 47, 43, 42, 46, 62, 107, 111, 106, 110},

0s(q16, @) = qis Yo(qis, @) =n za ac {56, 60, 120, 124, 112, 116, 24, 28, 80, 84},

(P9(q16, a) =q17 \|/9(q16, a) =W zZaae {252, 248, 240, 244, 212, 208},

0s(q16, @) = Qis Wo(qis, @) = zaac{190, 191, 138, 1593,

9s(q16, @) = quo Wolqus, @) =n zaac {152, 184},

®s(q16, @) = qg, WolQis, @) =0 inale,

(p9(q17, a) =16 \|19(q17, a) =nzadae {62, 63, 126, 127, 118, 30, 31, 86},

0o(q17, @) = Q7 Yo(qu7, @) =w za ae{ beA|b= ao+a12+3222+a323+a424+a525+a626+a727,
as =1},

os(qi7, @) = qr, vo(q17, @) =0 inale,

0s(q1s, @) = Qis Vo(Qus, @) = € za @€ {255, 254, 246, 214},
os(qis, @) = Quo Wo(Qus, @) = n za ac {208, 240, 248},
Qo(ais, @) = Qr, wo(qis, @) = 0 inace,

(pg(qlg, a) =q19 \]Ig(qlg, a) =Wwzadc {216, 248, 255, 223, 215, 214, 246, 247},
0o(q19, @) = qa0 We(Qus, @) =n zaae {22,23, 150, 151},

09(q19, @) = qaz2 We(que, @) =w zaae {118, 119, 120, 127, 95, 87, 86, 88},
09(q19, @) = Gas Wo(qQus, @) =5 za ac {254, 222, 126, 94, 62,30},

Po(qi5, @) = g, Wolqus, @) =0 inate,
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0o(q20, @) = Qa1 We(Qao, @) =W zaa =248,

0s(qa0, @) = Q34 We(Qqao, @) =W zaa = 120,

0s(qa0, @) = Qoo Wo(qao, @) = e za ae{ beA| b= agtar2-+a;27+ay2 a2 +as2’+ag2 a2,
a1 = 1},

99(qa0, @) = q5, Wo(qao, @) =0 inace,

09(qz1, @) = Qa0 Vs(qa1, @) =1 za ae{22,23,31, 150, 151, 159},
0s(qQ21, @) = @1 Vs(d21, @) =w za ac{255,223,215,214},
®s(qa1, @) = Qs WYs(Ga1, @ =w z2a =127,

0o(qa1, @) = g, Ws(qz1, @) = 0 inale,

(pg(qn, a) = (22 \jlg(qn, a) =wZadae {214, 246, 111, 239, 207, 79, 71, 103, 231, 199, 70,
102, 230, 198, 107, 235, 203, 75, 251, 219, 211, 243, 67, 195, 99, 227, 66, 194, 98, 226,
210, 242, 255,223},

0o(qz2, @) = Q3 We(Qaz, @) =€ za ac{18, 19, 146, 147, 22, 150},

0oz, @) = ts Wslda, @) = s za a{78, 206, 110,238, 218, 250, 106, 42, 10, 74, 202,
234, 222, 254, 14, 46},

0s(dz2, @) = qp, We(qze, @) =0 inace,

0o(q23, @) = q23 We(qas, @) =e za ae{214, 215,211, 210, 223, 219, 255,251},
09(qz3, @) = Qs V(d23, @) =W zaae {203, 207, 194, 195, 198, 199, 235, 239},
¢o(q3, @) = Q5 Wo(qz3, @) =0 inale,

0G4, @) = P36 Yo(qae, @) =1 22 ac{18, 19, 146, 147, 210, 211, 219, 251},

0s(q24, @) = Gos We(Q2e, @) =W 22 ac{beA|b= ao+al2+a222+a323+a424+a525+a(,26+a727,
as = 1},

0s(q24, @) = Qg Wo(Qas, @) =0 nale,

0o(qQzs, @) = Qoo Wo(Gzs, @) =n zaa =148,

0o(qQas, @) = Gas Ws(dzs, @) = e zaae {18, 22, 146, 1504},

0o(qzs, @) = Qas Ws(dzs, @) = s za ae{ beA| b= ao+a12+a222+a323+a424+a525+a626+a727,
a3=1, a=0},

09(qzs, @) = Qs Wo(qes, @) =W za ac{beAlb= ao+a|2+a222+a323+a424+a525+a626+a727,
as = 1, a = 0},

0s(das, @) = Qg Wo(das, @) =0 inale,

0s(dz6, @) = Q7 WoldQze, @) = w za ae {208, 212},

0s(qzs, @) = B34 Wo(Qze, @) =w za a€ {80, 84},

0(Qz6, @) = Qs Ws(Qzs, @) = € za ac{ beA| b= ao+a12+a222+a323+a424+a525+a626+a727,
ay = 1},

©9(d26, @) = q, Wo(Qas, a) =0 inale,
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0«27, @) = Q27 Wo(qur, @) = w zaa€ {255,223, 214, 215, },
0o(q7, a) = Qas Vo, @) = e za @€ {22, 23,31, 150, 151, 159},
0s(q27, @) = Qas Wo(Qa7, @) =w za ae {127, 95, 86, 87},

0s(qz7, @) = q, Vo(qz7, a) =0 inace,

0s(qzs, @) = Qas Wo(qas, @) = n za a€ {208, 212, 240, 244, 248, 252},

©o(Qas, @) = qas Wo(Qas, @) = e zaae{ beA| b= agtay2+a,2 ey a2 ras2 +ag2 rar2
a = 1},

©s(qas, @) = q5, Vo(@s, a) =0 inate,

0s(Qas, @) = Q3o Wo(dae, @) =W za ac {208, 212, 240, 244},

0(qa9, @) = q7 Weldas, @) =W zaae{248, 252%,

0o(Qas, @) = @1 WiolQps, @) = € za a {74, 78, 202, 94, 206, 218, 106, 110, 234, 126, 238,
250, 210, 242},

0o(q29, @) = Q2o WolQzo, @) = € za ac{214, 246, 222, 254},

0o(q29, @) = Q37 WGz, @) = € zaae {215, 2473,

0o(qas, @) = Gas Yo(das, @) = € zaae {211,243},

0925, @) = Q5, Ws(q2, @) =0 inale,

0s(Q30, @) = Qo WolQso, @) = w za a€ {214, 246},
©s(Q30, @) = Q7 Wo(Q3o, @) = w zaae {222,254},
©9(qs0, @) = q, wo(gso, @) = 0 inale,

0s(q31, @) = Q31 yo(qs1, @) = € za ae {98, 102, 118, 246, 226, 230, 66, 70, 86, 214, 194,
198},

os(qan, @) = G2 WG, @) = w za@e {112, 116, 244, 240, 80, 84,208, 212},

osl@sr, @) = Qs wolGsr, @) = € 7a ae {99, 103, 119, 247, 227, 231, 195, 199, 67, 71, 87,
215},

0s(q31, @) = Qg Wo(gs1, @) =0 inace,

0o(q32, @) = Gs2 WolQs2, @) = w za ae {98, 102, 118,246, 66, 70, 86, 214, 242, 210, 146},
00(q33, @) = G33 Ws(2, @) =W za ae{74, 78, 94, 218, 106, 110, 126, 250, 254, 222},
0o(qa2, @) = @2 Wo(Qaz, @) = w za ac {226, 230, 194, 198},

0s(Q32, @) = B3 Wo(Qsz, @) = w za ae {202, 206, 234, 238},

©9(qs2, @) = 45, W9(qn, @) =0 inace,

03, @) = a3 Wo(Qss, @) = w za ae {255, 223, 215, 251, 219, 211, 71, 79, 111, 107, 75,
67, 214, 66, 210},

0o(q33, @) = a5 Wo(Gs3, @) = e za ac{22, 23, 31, 150, 151, 159},

0s(q33, @) = Qs Wo(qs3, a) =n zaae {18, 19, 27, 146, 147, 155},

0o(qQ33, @) = 3 Wo(qas, @) = w za ae {203, 207, 194, 195, 235, 239},
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0s(q33, @) = qg, Wo(qs3, @) =0 inace,

0o(@s4, 3) = Qs Wau(Qo, @) = w 72 ae{211, 67, 210, 66, 255, 223, 70,71, 107, 75, 215,
111, 79, 219, 251, 214},

0o(Q34, @) = G5 W34(qo, @) =€ zaac{22,23, 31, 150, 151, 159},

09(q3s, @) = Gz6 W34(qo, @) =n zaac {18, 19, 27, 146, 147, 155},

0o(qs4, @) = Q34 W34(qo, @) =w za ac {194, 195, 198, 199, 203, 207, 235, 239},

0o(q34, @) = G, W34(q9, @) =0 inale,

0(q35, @) = Q36 Wo(qss, @) = n zaae{210, 211, 219, 218, 250, 251, 242},

0s(qss, @) = Qs We(Qss, @) = € zaac{ beAlb= agta 2+a;22+ay2 +ag2 ras2 g2 +as2’,
a =1},

0o(qss, @) = Qg Ws(Qss, @) =0 inace,

os(ase, ) = G6 Ws(se, @) =W za ac{214, 66, 194, 210, 248, 104, 232, 203, 215, 211, 67,
195, 216, 200, 72, 255, 223, 251, 219, 107, 75, 235, 249, 233, 105, 217, 201, 73},

oo, a) = G Ws(as, @) = 1 zaac{18, 19,24, 25,28, 29, 27, 146, 147, 152, 153, 155},
09(q36, @) = Qas Wo(Qss, @) = € zaac {22, 23, 31, 150, 151, 159},

os(dse. @) = Qas Wslas, @) = W za ae{253, 125, 221, 93, 95, 127, 88, 92, 220, 252, 124,
120, 121, 89},

0s(Ws6, @) = qaz Wo(Qse, @) = € zaae{10, 14, 30},

¢s(qQse, @) = Qg Wo(Qss, @) =0 inace,

0s(Q37, @) = @37 Wo(qs7, @) = e zaaes{223, 255},
05(q37, @) = Qs Wolqsr, @) = e zaae {219, 251 },
(|)9(q37, a) = (a3 \119((]37, a) =W zZadc {216, 248},
0s(q3r, @) = g, Ws(qs7, @) =0 inace,

0s(qss, @) = Gzs Wo(qQss, @) = e za as {235, 239, 75, 79, 95, 223, 107, 111, 127, 255, 203,
2073,

0o(Q3s, @) = Qa0 We(qss, @) =w za ac {88, 120, 248,216},

®9(qas, a) = QE, Wo(qss, @) =0 inace,

0s(qz9, @) = Qa5 Wolqse, @) =W za @ {98, 102, 118, 246, 247, 66, 70, 86, 214, 255, 127,
111, 107, 223,95,75,79,67,71, 87,215,103, 119, 99},

0o(qs9, @) = Qa3 Wl Gas, @) = W zaae {74, 78, 94, 106, 110, 126, 218, 250, 254, 222},
0s(q39, @) = Qo Wo(qas, @) =W za ac{194, 198, 227, 231, 195, 199, 226, 230},

0s(q39, @) = @33 Wo(qa9, @) =w zaae{202, 206, 234, 238},

09(q39, @) = Qa0 Wo(qQa9, @) =W zZaae {203, 207, 235, 239},

@o(q3s, @) = qg, Wo(qas, @) =0 inade,
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09(qao, @) = Gao Wo(Qao, a)=w zaac{219, 251, 255, 223, 243, 211, 214, 246, 247, 2154,
09(qao, @) = Ga1 We(quo, @) = w za ae {222, 254},
0s(q40, @) = q, Wo(Quo, @) =0 inale,

09(qa1, @) = Qa1 Wo(qa1, @) =w za ae {255, 223,214,215},
0s(Qa1, a) = Qa2 Wo(qa1, a) = e zaae{22,23, 31, 150, 151, 159},
09(qa1, @) = g5, We(qu, @) =0 inace,

09(qez, @) = @6 We(Quz, @) = n zaae {251, 243, 219, 211},

(pg(q42, a) = (42 W9(q42, a) =€ Za ac {beA| b= ao+a12+a222+a323+a424+a525+a626+a727,
a = 1},

09(qaz, @) = Qg Wo(qes, @) = 0 inale,

09(q43, ) = Qa3 Wo(qas, @) =W za ae {255, 223, 215, 214, 247, 246},
09(qa3, a) = Gaa Ws(qa3, @) = w za ae {222, 254},
@9(qas, @) = Qg Wolqes, @) =0 inale,

09(qas, @) = Qas Wo(Qas, @) =w za ac {214, 215, 223, 255},
05(qas, @) = @34 Wo(qas, @) =W za ae {127, 95, 86, 87},

05(qas, @) = Qzo Wo(qus, @) = 1 za ae {22, 23, 31,150, 151, 159},
0s(qss, ) = Gy, Vo(Ges, @) =0 inace,

@o(qas, @) = Q6 Yo(qQas, @) =h zaae {210, 211, 216, 217, 219, 248, 249, 2513%,

@o(qQas, @) = Qus Yo(qas, a) = e za ac{beA|b= a0+a12+a222+a323+a424+a525+a626+a727,
ar= 1},

@9(qss, @) = q, Wo(qus, @) =0 inale,

0(que, @) = Qus Ws(Qus, @) =w zaac {107, 111, 214, 223, 255, 127, 215, 95},
05(qas, @) = Qa7 Yo(Qus, @) = € za ac{11, 15,7, 43,47},

05(qus, @) = Qus Wo(Qus, @) = 1 za ae {22, 23, 31, 63},

0s(qas, ) = Qr, Wo(qes, a) = 0 inale,

09(q47, @) = qur Wo(Qu, @) = e zaae {107, 111, 79},
@9(Qa7, @) = Qug Yo(qa7, @) =N zaae {88, 89, 92, 93, 95, 125, 127, 120, 121, 124},

09(qQe7, @) = g, Wo(qa7,a) =0 | inaCe,

@5(qas, @) = Qus Yo(qus, a) = e za ac {246, 63, 30, 10, 14, 110, 111, 214, 66, 70, 86, 254,
126, 127, 106, 107, 43, 47, 62, 46, 42, 255,31, 15, 11, 118, 98, 102},

@9(qas, ) = Qag Ws(qQas, ) =h zaae {56, 60, 124, 120, 24, 28, 112, 116, 80, 84},

09(Qas, @) = Qao Wo(das, @) =w za ae {208, 212, 240, 244, 248, 252},
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©o(qas, @) = qso Wo(qus, ) = e za ac {242, 247, 243, 119, 114, 115, 103, 99, 250, 251,
122, 123, 215, 210, 211, 67, 71, 87, 82, 83},
©9(qQas, @) = qp, Wo(qas, @) =0 inade,

©o(qas, a) = qag Wo(qao, @) =n za ac {30, 31, 62, 63, 86, 118, 126, 127},

©9(qa9, @) = Qas Wo(Qao, @) =w za ac{ beA|b= ap+a12+a;2%+a;2° +ag2 +as2 +ag2 a2,
as = 1},

05(qas, @) = Q. Wo(qes, @) =0 inale,

0s(qs0, @) = qso Ws(qso, a) = e za ac {66, 67, 106, 107, 98, 99, 194, 195, 226, 227, 234,
235},

©9(qgso, d) = gs1 Wo(Qso, @) = s Za ae {223, 219, 216, 217, 200, 201, 203, 91, 95, 75, 79,
72,73},

©9(qs0, @) = qp, Wo(qso, a) =0 inace,

09(qs1, @) = gs1 We(qs1, @) = e za ac {107, 66, 67, 75, 31, 22, 23, 235, 203, 194, 195, 27,
18, 19, 255, 251, 223, 219, 214, 210, 215, 211, 159, 151, 150, 155, 146, 147},

09(qs1, @) = qs1 We(qs1, @) = s za a€ {24, 25, 72, 73, 152, 153, 216, 217, 200, 201, 184,
56},

09(qs1, a) = qs2 Wo(Qs1, @) =w zaae {104, 105, 232, 233, 248, 249},

05(qs1, @) = qs3 We(qs1, @) = e za ac {63, 59, 187, 191},

09(qs1, @) = qs4 Wo(qs1, @) =w zaa =120,

®9(qs1, @) = qss Wo(qs1, @) =w zaa = 88,

0s(qs1, a) = qss Wo(qs1, @) = e za ac {30, 158, 254, 62},

¢9(Qs1, @) = q5, Wo(gs1,a) =0 inale,

0s(gs2, @) = qs1 Ws(qsz, @) = s zaae {223, 219, 203, 75, 31, 159, 27, 155},

©5(qs2, @) = Gs2 Ws(qsz, @) = W za ae{ beA| b = ag+a;2+a;,2%+as2>+a2 +as2 +a2 +ar2’,
as =1},

0s(qs2, a) = Qg Wo(gs2, @) =0 inacle,

(pg(q53, a) =(s3 \]Ig(q53, a) =e zaac {255, 251, 235, 214},
©9(Qs3, @) = Gsa Wo(gs3, @) =5 za ac {248, 104, 232},
09(qs3, @) = q5, Ws(qs3, @) =0 inate,

09(qs4, @) = qss We(qss, @) = w za ac {248, 255, 127, 111, 107},
©9(Qgss, a) = qss Wo(qss, a) =w zaac {223, 79, 75, 95},

(pg(q54, a) = Qss \|19(Q54, a) =ezaae {31, 11, 15, 43, 47, 63},
09(qsa, @) = Qes Wo(gss, @) = e za ac {235, 239, 203, 207},
¢o(qss, @) = q5, W5(qss,2) =0 inaCe,
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09(gss, a) = qss Ys(qss, @) = e za ae {255, 127, 107, 111},
0s(qss, @) = qs4 Wo(gss, @) = s za ae {120, 248},
©s(gss, a) = qg, Wo(qss, @) =0 inace,

0s(qss, @) = qs6 Wol(qse, @) = € za ac {247, 246, 223, 214, 215, 255},
0s(qss, @) = qs7 Ws(gse, @) =w za ac {216, 248},
@s(qss, ) = q;; Ws(gse, @) =0 inale,

0s(qs7, @) = qs7 Ws(qs7, @) =w za ac {247, 246, 223, 214, 215, 2553},
09(qs7, @) = ge1 Wo(qs7, @) = s za a {62, 30, 158,254},
¢9(qs7, @) = Q5 Yo(qs7, @) =0 inale,

0s(qss, a@) = qss We(qss, @) =w za ac{l111, 255, 127, 215, 87, 119, 247, 70, 102, 107, 71,
103, 67, 99, 214, 86, 246, 118, 110, 126, 254, 66, 98, 106},

0s(gss, a) = ge1 We(qss, a) = s za ac {10, 42, 46, 14, 62, 30},

0o(gss, a) = so We(gss, a) = e zaae {43, 11, 47, 15,31, 63},

¢s(qss, @) = qeo We(gss, @) =w zaac {78, 94,222,774, 79, 223, 95, 753,

0o(qss, @) = qes Ws(gss, @) = e za ac {235, 203, 207, 239, 194, 226, 202, 234, 198, 230,
206, 238, 199, 231, 195, 227},

®(qss, @) = q, Wo(gss, @) = 0 inace,

0s(gss, @) = ge1 We(qse, @) = s zaae {110, 126, 254, 106},

¢5(ass, @) = Qso Wo(Qss, @) = € za ac { beA| b= agtai2+a2 a2 +ai2* ras2 a2 Har2’,
a =1},

®9(qs0, @) = qg;, Yo(Qs9, @) =0 inade,

¢s(qeo, @) = qeo We(qeo, @) =w zaac {70, 66, 214, 86, 67, 71, 215, 87},
¢0s(qeo, @) = Ges Wo(Qeo, @) = € za ac {194, 195, 198, 199},
®s(qeo, ) = Qg, Ws(qeo, @) =0 1nace,

¢s(ge1, @) = qe1 Vs(qe1, ) =w za ac {246, 66, 98, 120, 80, 112, 106, 107, 255, 127, 254,
126, 214, 86, 118,248, 240, 208, 70, 102, 110, 124, 116, 84, 252, 244, 212, 1113},

0s(qe1, @) = Q61 Ws(Qe1, @) = s za ac {14, 46, 28, 60, 62, 30, 24, 56, 10, 42},

0s(qe1, @) = ez Wo(qe1, a) = e zaac {11, 15, 31, 43,47, 63},

0s(qe1, @) = qe3 Ws(Qe1, @) =w za ac{222, 78, 95,223, 94,74, 79, 75},

0o(qe1, @) = Qes Vs(qe1, @) = € za ac {235, 203, 226, 194, 202, 234, 198, 230, 206, 238,
207, 239},

95(qe1, @) = qp, Wo(qe1, @) =0 inale,

0o(qe2, @) = o1 Wo(Qe2, @) = § za ae {126, 120, 106, 124, 252, 248, 110, 254},
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(pg(qsz, a) = g2 \Vg(qsz, a) =e¢zaa E{ b€A| b= a0+a12+a222+a323+a424+a525+a626+a727,
a1 = 1}, ’

®s(g62, @) = G, Wolqez, @) =0 inale,

0o(qe3, @) = Ge3 Wo(qes, @) =W za ae {215, 87, 67,71, 214, 86, 70, 66},
0s(ge3, @) = q5 Wo(Qes, a)=0 inale,

o(Qes, @) = Ges Wolqes, @) = € 72 A€ beAl b= ao+a12+a222+a323+a424+a525 +ag2%+a72’,
a;=1,a=0},

®o(qes, @) = Ges Wo(Qes, @) = 1 za aef beA| 24<b<31 ili 56<b<63 ili 80<b<95 ili
112<b<127},

0s(qss, @) = Ges Yo(qes, @) = n za ae {be A| 144<b<159 ili 184<b<191},

®o(qes, @) = q5, Woldes, @) =0 inaCe,

0o(gss, @) = Ges Wol(ges, @) =W za ac{ beA| 64<b<103 ili 112<b<119 ili 192<b<231 ili
240<b<247},

0oqes, @) = Gss Wolqes, a) =n zaae{ beA| 16<b<29 ili b = 31ili 144<b<159},

(|)9(q55, a) = (o6 \yg(qss, a) =w zadaec {106, 110, 122, 126, 234, 250, 254},

®o(qss, @) = Gev WslGss, a) = e zaae {10, 42},

0o(qes, @) = gGe7 Ws(qes, @) =€ za ae {14, 30, 46, 62},

®o(ges, @) = qg, Woldes, a)=0 inale,

09(qes, @) = Ges WGss, @) =W zaae{107, 111, 127, 123, 235, 251, 255},
0o(qes, @) = qe7 Wo(qes, @) = € Za ac{15,31, 63, 47},

0s(qss, @) = geo Wsldss, @) = € za ae {11, 43},

0o(dse, @) = q5, Wo(es, @A) =0 inale,

(|)9(q57, a) = (8 \Vg(q57, a) = ¢ za ae {254, 255, 246, 247, 214, 215, 126, 127, 118, 119,
86, 87},

0s(qer, @) = Ges Wo(ger, @) = e za ac{122, 123, 114, 115, 82, 83, 250, 251, 242, 243, 210,
211},

0s(qs7, @) = qro We(qe, @) = € za a€ {95, 223},

0o(qe7, @) = qn Wolqer, @) = e zaae{91, 219},

0o(qe7, @) = qrs Weldger, @) = n za ae {216, 217},

@sl(qer @) = q5, V(7 @) =0 inale,

0s(qes, @) = ges Wo(Qes, @) = € za A€ {234, 235, 226, 227, 194, 195, 106, 107, 98, 99, 66,
67},

0o(qss, @) = qn Wqes, @) = e za a {203, 75},
0o(qes, @) = qra Wel(ges, @) = w za a€{200, 201, 72, 73},
Qoqes, @) = qF, Wo(qges, @) =0 inace,
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99(qes, @) = Qo Wo(qeo, @) = € za ac {66, 67, 98, 99, 106, 107},
05(qss, @) = qe7 We(qeo, a) = € za ac{110, 111, 102, 103, 70, 71},
0(qes, @) = a5 Wo(qes, @) =0 za ae{72, 73},

05(qes, @) = 7o Wo(qes, @) =€ zaa =119,
0Hqes, @) = G2 Wo(qes, @) =€ zaa =175,
@oqes, a) = qr, Wo(qes, @) =0 inale,

0qro, @) = qrs We(qm, @) = n za ac {248, 249},
¢s(qr0, @) = qr0 We(qmo, a) = € zaae {127, 255},
0s(q70, @) = qn We(qro, @) = e za ac {123, 251},
®o(qro, @) = qg Wo(qn, @) =0 inale,

0qn, @) = qa Wolqr, @) =w zaac{72,73, 104, 105, 232, 233},
0o(q71, @) = qn We(qr1, @) = e za ac {107, 235},
®s(qr1, @) = qg, Wo(qn, @) =0 inace,

0o(q72, @) = q72 Welqr, @) = 1 za ae {104, 105},
09(qr2, @) = q72 Yo(qr2, @) = e zaa =107,
09(q72, @) = q13 W72, @) = e zaa= 111,
0s(q72, @) = qr, Wo(qr2, a) = 0 inace,

0o(qn, a) = q73 We(qn, a) = € za ac {127, 255},
0o(q7, @) = qrs We(qrs, @) = n za ac {248, 249},
0oqm, @) = qn We(qr, a) = e za ac {123, 251},
0q73, @) = qp, We(q7, @) =0 inade.

0qrs, @) = qrs Wo(qrs, @) = n za a€{210, 114, 115, 122, 123, 82, 242, 243, 250, 251,
219, 83, 211, 91},

0o(q74, @) = qza We(qrs, @) =w zaac{ beA|b= ao+a12+a222+a323+a424+a525+a626+a727,
as =1},

0(q74, @) = q, Wolqr, @) =0 inale,

0s(qrs, @) = qrs Wo(qrs, @) =n zaa =123,

0xqrs, @) = qrs Welqrs, @) =w za ae {104, 105, 107, 232, 233, 235},
0s(qrs, @) = qze We(qrs, @) =w za ac {248, 249, 251},

05(q7s, @) = qro W(qrs, a) =s zaa=41,

0573, @) = g5 Ws(qrs, @) =0 zaae{l], 43},

0y(q7s, @) = Qg, Wo(qrs, a) =0 inale,
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05(q76, @) = qr6 Wolqrs, @) =w zaa =255,
©o(qr6, @) = qrs We(Qqre, a) = € zaae {31, 63},
09(q76, @) = qr7 Wolqre, a) =w zaa =127,
0s(qre, @) = Qs Wo(q7s, @) = 0 inale,

0s(q77, @) = g7 We(qm, @) =w zaae{107, 111},
©o(q77, @) = Grs Wo(qm, @) =€ za ac{l1, 15, 43, 47},
0o(q7, @) = Q5 Wolqrr, @) =0 inale,

©o(qrs, @) = qrs We(qrs, ) = 1 za ac {248, 249,251},

09(qrs, @) = qrs Wolars, @) = € zaae{ beAlb = apta2-+ag2 +a;2° +a2 +as2 +as2 +ar2’,
a; =1},

0o(qrs, a) = g, We(qrs, @) =0 inace,

oo, @) = qrs Ws(qrs, @) = w za a€ {82, 83,91, 114, 115, 122,123, 70, 71, 79, 102, 103,
110, 111, 66, 67, 75, 98, 99, 106, 107},
09(qre, Q) = ar, wo(qm, @) =0 zaae {10, 11, 14, 15, 42,43, 46,47},

0o(qm, @) = Q5 Wo(qm, @) =0 inale,

Neka jeM = {194, 195, 198, 199, 202, 203, 206, 207, 226, 227, 230, 231, 234, 235, 238,
239}CA. Tada,
wio(quo, ({Gi}, @) = Ws(@, ({q}, @) zai€ {1, 2, ..., 22}, a€A,

Vio(@s, ({q), @) =0 ae My = {203, 207, 194, 195, 198, 199, 235, 239}M,
Wie(Go, ({qa3}, @) = Wo(azs, ({que}, @) za agMy,

wie(quo, (@i}, @) = Ws(@i, ({quo}, @) zaie {24, 25, ..., 31}, aeA,

is(aws, ({@s2), @) =0 ae M = {202, 206, 194, 198, 234, 238,226, 230}M,
wis(Quo, ({G2}, @) = Wo(Qsz, ({q0}, @) z2 aeMy, :

Vio(qo, ({qa3), @) = 0 aeM; = {195, 194, 203,239, 207, 235)M,
Wis(aee, ({a33}, @) = We(gss, ({Que}, @) za agMy,

Wio(qo, ({q34}, a))=0 ae M; = {195, 194, 203, 239, 207, 235, 198, 199} M,
Wi qis, ({@34}, @) = Wo(@ss, ({Quo}, @) = Wo(Q34, @) za aeMy,

Wis(qeo, ({3}, @) = Wo(@i ({Qeo}, @) = wo(qi, @) zaie{37,38,43,44}, aeA,

Wio(que, ({qa9}, @)) =0 aeM,
Wio(Go, ({Qa0} @) = wolQso, ({quo}, @) 22 a M,
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Wio(qro, ({gs4}, @) =0, acA,
0s(qsa, ({quo},)) = Ges Wo(gss, ({qQuo}, @) = € za aM; = {235, 239, 203, 207},
0o(qss, ({1}, a)) = qg, Wol(gse, ({A}, @) =0 za aeM;, tj. ako se automati Ao, Ks ne

susretnu,

Wio(que, ({gss}, @) =0, acA,
0s(qss, ({quo}, @) = qes Wo(qss, ({qu}, @)) =e zaaeM
09(qss, ({A}, @) = qg, Wo(Qss, ({A}, @) =0 za aeM, tj. ako se automati Ay, Ky ne

susretnu,

Wis(Qeo, ({60}, @) = 0, a€A,
05(qs0, ({quo}, @) = Gee Wo(qeo, ({Guo}, @) =€ za aeM = {194, 195, 198, 199},
09(dso, ({A}, @) = Qg Wo(deo, ({A}, @) =0 za aecM,, tj. ako se automati Ay, Ky ne

susretnu,

Vio(qro, ({ge1}, @) =0, acA,
0o(qe1, ({quo}, @) = Gss Wo(Qet, ({qo}, @) = e za aeM\{227, 231}
0x(ge1, ({1}, @) = qs, wo(ge1, ({A}, @) =0za acM\{227, 231}, tj. ako se automati Ag,

Ky ne susretnu,
Vis(Quo, ({qe3}, @)) = 0, aeA,

09(qe3, ({quo}, @) = Qs Wo(ges, ({quo}, @) = € zaae {194, 195, 198, 199}cM,
0o(gen (1A}, @) = Qi Woldes, (A}, @) = 0 za ac{194, 195, 198, 199}, . ako se

automati Ao, Ko ne susretnu.
O
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VI Slozenost i implementacija

Oznadimo sa T(Ag; Ly, n) vrijeme obilaska automatom A, lavirinta L, gdje je n =
lvw) i sa | QA || broj stanja automata A, Tada vazi sljedea lema:
Lema 3: Akosu A;, i € {0, 1, ..., 9} automati konstruisani u Teoremi 3 i Teoremi 5 tada

vazi:
a) n+4<T(A;Lpy, n)<4n-11,n25, QA = 14.

17, n=11,

=37, n>127 "0 laaa] =37

b) n+4<T(Az Lpn, n) < {

24, n=14,

Sn—45, n>15"" " A =53.

C) n+8< T(A3', Lpn, Il) < {

15, n=10,

%(n—7)+6, n=4k+7,

d) n+5sT(A4;LND,n)S‘§"—12, n=4k+8, ,k>1; Q@] =33.

%(n—l)—lO, n=4k+9,

2n—13, n =4k +10.

\

29, n=17,

5n-55, n>18’ n>17, Qs =51.

e) n+10<T(As; Lpx, n) < {

f) n+ 13 < T(Ag; Lin, 0) < 4n— 26, n> 14, | Q(A) || =83.
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(6, n=6,

%(n—Z), n=>5k+2,
7
—S-(n—3), n=5k+3,

g n<T(A7Lyp,n)<17 k>1; [QAn| =12

—S—(n—4)+1, n=>5k+4,

—75-n—3, n=5k+5,

%(n—6)+5, n=>5k+6.

\

n=2k+11, ~(n—11)+29, 2(n-12)+15, n=2k+12,
h) 7_;’ < TAg Lwp, 1) < {7
n=2k+12, Z(n-12)+31, ~(-13)+19, n=2k+13,

k>5, |Q@g)| =91.

25, n=14,

i) n+11sT(A9;LDN,n)s<%(n-9)+8, n=2k+9, k=23;[|Q@v)| =81

%(n— 10)+9, n=2k+10.
L

3 16, n:8,
X n=2k+2, 5(n—2)+7, AL < 20, n=9, s
] = > LND, D) = » K23,
n=2k+3, z(n—3)+9, 4n-18, n=2k+4
2 4n-20, n=2k+5.

ey =42.

Dokaz: Dokaz slijedi neposredno iz naina obilaska automatom A; lavirinta L, € C;, 1
&injenice da za dato n, uvijek moZemo konstruisati lavirint L € C;, takav da V(L) =n (za
koje n je to moguée dato je u formulaciji Leme 3), a da vrijeme obilaska bude najmanje,
odnosno najvece,i € {0, 1, .., 9}. g

Javila se potreba za programskom implementacujom, koja bi na neki nacin
simulirala rad automata iz Teoreme 3, odnosno kolektiva automata iz Teoreme 5.
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'Programska realizacija koja simulira rad automata A, slijedi iz samogropisa tog
automata, i € {1,2,3,5,7}. '
‘Medutim, kako obilazak kolektiva automata (A;, Ki) predstavlja parelelan rad
automata A, i automata kamena K;, to je izvriena programska realizacija koja simulira:
rad automata A; uz programsku pomoé, promjenljiva u programu pamti tatku na kojoj je
"postavljen" automat kamen K, i € {0, 4, 6, 8, 9}.
Implementacija je izvriena na programskom jeziku C++.
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Zaklju&ak

U radu su razmotrene moguénosti automatnog prepoznavanja specijalnih klasa -
mozaitnih lavirinata, koje u geometrijskom smislu predstavljaju cifre. Treba primjetiti da
je u radu data i teorijska osnova automatnog prepoznavanja ne samo cifara, ve¢ i
Girilitnih slova nase azbuke. U treéem poglaviju je definisana familija Step, Ciji su
elementi pravougli lavirinti, za koje znamo da ne postoji automat koji ih prepoznaje. Ova
familija je definisana ne samo kao primjer familije &ije je elemente nemoguce prepoznati
automatom, ve¢ da bi kasnije mogli dokazati ne postojanje automata koji prepoznaje
klasu mozaitnih lavirinata koja predstavlja cifru s "rupom". Na isti nalin se moZe
dokazati nepostojanje automata koji prepoznaje klasu mozai¢nih lavirinata koja bi
predstavljala ¢irilino slovo s "rupom" (familija Step obuhvata 1 ove pravougaone
lavirinte, osim onog koji predstavlja ¢irili¢no slovo V). Jednopovezana ¢irili¢na slova se
mogu definisati koriste¢i familije ®;, 1 > i< 9, definisane u drugom poglavlju. Za ovako
definisane klase mozaitnih lavirinata postoji automat koji ih prepoznaje. Zbog obimnosti,
nijesu definisane i klase koje bi predstavljale ¢irili¢na slova.

U radu su pokazane ogranitene mogucnosti automata  u prepoznavanju
geometrijskih figura. Medutim, primjetimo da se programska realizacija kolektiva
automata tipa (1, 1) ne usloZnjava. Dovoljno je uvesti promjenljivu koja ée pamtiti
poloZaj automata kamena. Prema tome, praktiina primjena automatnog prepoznavanja se
ne umanjuje. o
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