Tuhh 
  
HIP4 QEF@A D9 R0 R7SC@0B7E64

tv~{uss #u %s ussu(q%#} ~v ~yv u({~&%( %( qru vu#%(%( su{q%~(s ~ q%}%(s %(q~¤¡tv~{uss &%sqv%|yqu& #us

(#}z¡%( (yu}% #(& ~s(uv¢s tv~~w ~(u {#( ~|suv$u qr#q x%qr vu#{r#|%}¡ %qz {~(&%q%~(s ¤¥ }~|#} stu{%{#q%~(s ussu(q%#}}z sq#q%( qr#q s~u tv~tuvq%us u$u(qy#}}z ~{{yv qru &%sqv%|yqu& sz(qrus%s tv~|}u %s Σ 0 1 ¡{~t}uqu %( qru #v%qr¡ uq%{#} r%uv#v{rzw %u %(quv¡vu&y{%|}u q~qru r#}q%( tv~|}u ~ yv%( ¦#{r%(u ¦ ¢ £ ¢ ¤ ¥ ¦ § ¨© ¨© § ¨© v v 6 F6D9Q7D0SR9 0@Qw7B9QBF@9 ¬%qr s#uqz {~(&%q%~(s ¤¥ }~|#} stu{%{#q%~( ussu(q%#}}z sq#q%( qr#q s~u |#& tv~tuvq%us (u$uv ~{{yvw #}}~x%( qrys %((%q#vz |ur#$%~vs ~(u #z {~(¡ u{qyvu #}qr~yr qru qx~%(&s ~ tv~|}us #vu (~q &y#} qr#q qru &%sqv%|yqu& sz(qrus%s tv~|}u %s Π 0 1 ¡{~t}uqu %( qru #v%qruq%{#} r%uv#v{rz ¦~vu u(uv#}}zw ~(u #z #s xr#q %s qru vu}#q%~(sr%t |uqxuu( qru u tvus¡ s%$u(uss ~ qru }~|#} stu{%{#q%~( }#(y#u s#z x%qr%( ¤¥ }~%{ ~v u$u( x%qr%( ¦ §¥ }~%{ x%qr ~vu #&$#({u& %((%q#vz {~(&%q%~(s #(& qru {~t}u %qz ~ qru vusy}q%( &%sqv%|yqu& sz(qrus%s tv~|}us p( qr%s t#tuvw xu %$u #( #(sxuv q~qr%s £yusq%~( ! "#$%&'$ ¬u vsq tv~$u qru ~}}~x%( vu(uu(q ~ (yu}% #(& ~s(uv¢s vusy}q ( )#0"#1 23 4 56 7 7 © Σ 0 1 6 © ª 8 9 7 @ ª7 A k 6 B C6 D Eu qw xu tv~$u qr#q ( )#0"#1 F3 4 56 97 7 © 8 B C 6 Π 0 1 6© D §%({u qru suq ~ (%qu sq#qu ~v u$u( {~tyq#|}u &%sqv%|yqu& tv~v#s %s Σ 0 1 ¡&u(#|}uw qr%s vusy}q #}s~%t}%us qr#q G0"0&&"H 23 4 I 97 7 © 8 © D ¬u sqy&z qru ( vu}#q%~(sr%ts |uqxuu( ~vu u(uv#} %((%q#vz {~(&%q%~(s ~v &%sqv%|yqu& sz(qrus%s tv~|}us #(& }u$u}s ~ qru #v%qruq%{ 

#} ~v qru #(#}zq%{#} r%uv#v{rz ¦~vu tvu{%su}zw xu sr~x qr#q ( )#0"#1 P 3 B ª7 n ≥ 1Q ª 7 © 8 8 R ©S 8 T 7 R 9 U 8T VWXS 9 [0, n + 1] R D [1, n] S Π 0 n 6© R D Σ 0 n 6© SD ¬%qr ~vu {~t}u %((%q#vz {~(&%q%~(s ( )#0"#1 Y 3 4 7 © 8 `a 7 R © 7 7 S 7 R Σ 1 1 6© SD #&'#¡ ¢0"£$
A × B #(& x~v&s ~( A × B %$u( P ⊆ A × B vust w ∈ (A × B) ∞ w xu #}s~xv%qu P [1] = π A (P ) #(& P [2] = π B (P ) vust w[1] = π A (w) #(& w[2] = π B (w) %$u( w ∈ (A + B) ∞ w xu #}s~xv%qu π A (w) vust π B (
#! ' 0! 2 " 'H !¡ ¢#£ " 'H 0!¡ ' 0! !"#3 $ L ⊆ A ω § 6© ª @ 9 (v, u) ∈ T 9 ª7 i ∈ [1, n]Q (u[i], v[i]) ∈ T i D ¥|suv$u qr#q qruvu %s # y(%£yu &%sqv%|yqu& #u #vu(# |y%}q v~ qru }~{#} #vu(#s G 1 w w G n x%qr # %#} suq ~ ¢ ($%v~(u(q ~$us r%s #vu(#w xv%qqu( G 1 ⊗ • • • ⊗ G n w %s {#}}u& qru vuu sz({rv~(~ys tv~&y{q ~ qru #us G 1 w w G n ¥|suv$u qr#q #(z
#! ' 0! P &H$ !¡ $'"'# #$#3 ¨ª 8 7 © G = P, E, T, e Q sqv#quz 9 ¦ 7 R D sqv#quz 9 § ª6 © 7S © σ : P + → E R D © τ : E + → P S D 4 7 7 σ τ Q 8 σ * τ Q ©I© 8 w ∈ (P + E) ∞ w(0) = e Q 9 ª7 i ∈ d om(w) 8 i > 0Q (w(i -1), w(i)) ∈ T Q ª w = w(0) • • • w(i -1)Q 9 w(i -1) ∈ P w(i) = σ • π P (w ) 9 w(i -1) ∈ E w(i) = τ • π E (w ) D ¡ 7 σ (~( |}~{%( 8 Q 9 ª7 7 τ Q σ * τ ∈ (P + E) * .E ∪ (P + E) ω D ¨ª n 6 © G ⊆ G 1 ⊗• • •⊗G n Q ¦ 7 σ : P + → E &%sqv%|yqu& sqv#quz 8 9 {σ i : P + i → E} i∈[1,n] Q 9 ª7 8 w ∈ P + Q σ(w) = (σ 1 • π P1 (w), • • • , σ n • π Pn (w) D 8 Q ¦ 7 8 ª7 ¦ 7 7 7 9 8 8 ª8 9 7D #! ' 0! Y ¤1 #$ !¡ ¢ !! ! $'"'# #$#3 ¡ R8 T 7S © G = P, E, T, e, Acc 8 P, E, T, e © Acc ⊆ (P + E) ω R8 T 7S 7 ¡ © G R D ©S 8 9 7 P R D 9 ¦ ©S 8 ¦ 7 R D ¦ 6 7S σ : P + → E Q 9 ª7 7 τ : E + → P Q σ * τ ∈ (P + E) * .E ∪ AccQ DD ª7 ©I© 7 8 7 σ 9 7 E Q Acc D ¡ o¢oh£
#! ' 0! § ( & !$#3 $ {n, s, w, e} 9 9 D ¨ª 9 C 8 # Q q%}u © t : {n, s, w, e} → C 9 C 8 A© t(s) = # t(w) = #Q DD # 8 7 East N orth D v ¨v 67B9 A9B E B7R9A ¨ª S 9 R B 5S Q q%}%( 9 m : ω×ω → S d om(m) = [0, M -1]×[0, N -1] 9 © (M, N ) ∈ ω×ω 8 m d om(m) = ω × ω 8 m Q @ 9 (i, j) ∈ d om(m σ )Q N/S ¡{~t#q%|%}%qz 9 (i, j + 1) ∈ d om(m) m(i, j)(n) = m(i, j + 1)(s)Q E/W ¡{~t#q%|%}%qz 9 (i + 1, j) ∈ d om(m) m(i, j)(w) = m(i + 1, j)(e)Q E ¡|~v&uv {~(&%q%~( (i + 1, j) / ∈ d om(m) 9 7 9 m(i, j)(e) = #Q N ¡|~v&uv {~(&%q%~( (i, j + 1) / ∈ d om(m) 9 7 9 m(i, j)(n) = # R B © 8 T 9 # S D v v B7R76 ( )#0"#1 § #"#" 2"¡ ¢ "#& §"#3 ¨ª 9 C S 9 8 t 0 ∈ S @ R£S © 9 M N M × N 6 m m(0, 0) = t 0 Σ 0 1 6© Q R5S © 9 m m(0, 0) = t 0 Π 0 #1 1 2 %$ ' & !$ !¡ $'"'# #$#3 B ª7 T 7 σ : P + → E Q © G S,t0 Q A A6 m σ : ω × ω → S 9 (i, j) ∈ ω ×ω Q (i, j) ∈ d om(m σ ) 9 7 9 7 τ : E + → P π 1 • π P (σ * τ ) = e i .n j π 2 (π P (σ * τ )(i + j)) = m σ (i, j) R8 Q m σ (0, 0) = t 0 S D ¡ª7 Q 9 ª7 A6 m m(0, 0) = t 0 T 7 σ m © G m,t0 m σm = m D ¦ 9D
¢z {~(sqvy{q%~(w %( u$uvz t}#zw t}#zuv E ¢s q#s %s q~{r~suw #q u$uvz squtw # &%vu{q%~( e ~v n #(&w xru( &%vu{q%~( n r#s |uu( {r~su(w ~v xru( qru ¢ #sq |~v&uv %s vu#{ru&w q~{r~~su vutu#qu&}z &%vu{q%~( n pq ~}}~xs qr#q u$uvz |}~{%( sqv#quz ~v t}#zuv E qr#q #$~%&s t~s%q%~( ⊥ {#( |u &us{v%|u& |z {r~~s%( s~u (i, j) ∈ ω × ω #(& ¤ t}#z%( qru sy{{uss%$u &%vu{q%~(s &us{v%|u& |z qru x~v& e i .n j ¡ tv~$%&u& t}#zuv P &~us (~q {vu#qu qru ¢ #sq |~v&uv #%(sq t}#zuv E w t}#zuv P ¢s sqv#quz ysq #~y(qs q~{r~~suw ~v u$uvz (i , j ) ≤ x (i, j) # q%}u t i ,j pq sr~y}& |u {}u#v qr#q qr%s {r~%{u %s %(&utu(&u(q v~ (i, j) {r~su( |yq |z t}#zuv E |yq y((~x( q~t}#zuv P s~xu {#( &u(u m σ (i , j ) = t i ,j ru #{q qr#q m σ %s # £y#s%¡q%}%( %u&%#qu}z ~}}~xs v~ #u G S,t0 &u¡ (%q%~( ru {~($uvsu tv~tuvqz %s #}s~%u&%#qu ¥|suv$u qr#qw %( #u G S,t0 w t}#zuv P {r~~sus q~&u(u # q%}%( |~y(&u& %( qru ¢ #sq &%vu{q%~( |z {r~~s%( qru vsq q%}u t sy{r qr#q t(e) = # £ ¤ hl §nol¥o¢oi¦ j §£m¢i£ jkmhl n£ §£ ( )#0"#1 §¨#'H $##3 4 © 9 8 6 7 56 © 8 97 Π 0 1 6© D ¦ 9D ©}u#v}zw s~}$%( # s#uqz &%sqv%|yqu& #u %s Π 0 1 pq vu#%(s q~tv~$u qr#q %q %s #}s~Π 0 1 ¡r#v& p( ~v&uv q~&~s~w xu u({~&u qru %((%qu q%}%( tv~|}u %(q# s#uqz &%sqv%|yqu& #u ¨uq S |u # (%qu suq ~ q%}us #(& }uq t 0 ∈ S |u # %$u( %(%q%#} q%}u ru %&u# %s q~|y%}& # &%sqv%|yqu& #u G v~ qru vuu tv~&y{q G S,t0 ⊗ G S,t0 x%qr s#uqz {~(&%q%~( %( sy{r # x#z qr#q t}#zuv E {ru{s qr#q % # &%sqv%|yqu& sqv#quz $#}yus (0, 0) w (0, 1) ~v (1, 0) ¢ ($%v~(u(q #us syvu qr#q v~{uss t}#zuv &~us t}#z qru s#u sqv#quz σ = σ 1 = σ 2 vu#v&}uss ~ qru %(%q%#} |%q $#}yu qr#q ru r#s {r~su( %$u( qru( qru %(&y{u& £y#s%¡q%}%( m σ suu ¨u# w ~(u {#( {ru{ qr#q xru( |%q $#}yus #vu (1, 1) ¢ ($%v~(u(q &~us %(&uu& {ru{ ¢ ¢ ¬¡{~t#q%|%}%qz pq ~}}~xs qr#q m σ %s # q%}%(w %((%qu |z qru s#uqz {~(&%q%~( ©~($uvsu}zw ~v #(z %((%qu q%}%( m sy{r qr#q m(0, 0) = t 0 ~(u {#( {ru{ qr#q σ m ⊗ σ m %s # x%((%( &%sqv%|yqu& sqv#quz ¬u {~({}y&u #tt}z%( ru~vu ¦ ( )#0"#1 #)£ & 'H $##3 4 © 9 8 7 56 © 8 7 Σ 0 1 6© D ¦ 9D #%(w {}u#v}zw qr%s tv~|}u %s Σ 0 1 pq vu#%(s q~tv~$u qr#q %q %s Σ 0 1 ¡r#v& p( ~v&uv q~&~s~w xu u({~&u %(q~vu#{r#|%}%qz &%sqv%|yqu& #us qru (%qu q%}%( tv~|}u ru u({~&%( %s s%%}#v q~qru u({~&%( %( qru tv~~ ~ ru~vu § u {utq qr#q t}#zuv E (~x #}}~xs t}#zuvs P 1 #(& P 2 q~t}#z q%}us qr#q {~(q#%(s qru 1 ~ qru #v%qruq%{#} r%uv#v{rz ¢z &y#}%qzw ¦ x%qr s#uqz {~(&%q%~(s ru({u %((%qu vy(s {#tqyvu qru }u$u} Π 0 1 ¤~v r%ruv }u$u}sw qru tv~~ %s |#su& ~( qru ~|suv$#q%~( qr#q #}quv(#q%~( #}}~xs # #{r%(u q~ yuss qru #(sxuv ~ #( ~v#{}u #(&w #q qru s#u q%uw q~¤ sq#vq # {~tyq#q%~( ~ qru ~v#{}u ~v %qs {~t}uu(q qr#q {ru{s qru yuss%( %s {~vvu{q ¢z {~(sqvy{q%~(w s%({u (~#{(~x}u&u(q %s u tu{qu&w qru vusy}q%( %((%q#vz {~(&%q%~(s #vu xu# %( qru su(su ~ ¦~sq~xs% ~sq¢s ru~vu u(syvus sy{r # {~(sqvy{q%~( {#tqyvusw }u$u} |z }u$u}w qru #v%qruq%{#} r%uv#v{rz P 2 19@9@ Xw9 F6D9Q7D0S7R7Bx E Bw9 DE76E9 y@ESR9 ¦ §¨© © § ¨ § ¦ §¨ ! © §"4 #P$4 Pe % 19@69B 06D & %0676 X@99 0FBE0B0 06D D7AQ@9B9 D7AB@7SFB9D 09A 36 '©( )0 © © 1©¨2 ( 3 4 §©"4 8ERF9 HH E 5 6 1! 4 y09A IVW$IIP 7y@76 9@U89@R04 WWI H 9 @ w06D@04 & @ 9 EA964 06D ) % 7BE Q9x9@ RB9@60B7E6 B ©( © § 1¦ 4 P#PPV$PHH4 C 06F0@x PeP V D E @FD9R4 XwE0A4 06D X 7R94 9D7BE@A (©¨G 5 ©3 ) HI § P¨ §4 8ERF9 IWW E 5 6 1! 4(© 7y@76 9@4 WW I & Q 0@9R DR 9QB789 B@06AE@0B7E6A E6 7667B9 B@99A4 7Bw 0yyR7Q0B7E6A BE w7w F6D9Q7D0S7R7Bx B S 1¦ 4 HHP#V$V4 Pe 9 Fy9@06 06D d T 80@D7 7x 6Bw9A7A76 D7AB@7SFB9D AxAB9A 36 HU U U !"¨2 S © 5 ©3 1©¨2 ( § ! § § V5 H 1!W 4 y09A He$He4 WWP d0DwFAFD06 1©© ) !" § © X2 § Y §` § ! " §¨ w& Bw9A7A4 56789@A7Bx E d0D@0A4 WWP 7 dEw0R7 06D 3 0RF797QA & 7AB@7SFB9D 09A 36 '©( ) S © ! © S § ) 4 §© S 1©¨2 S ! § §4 8ERF9 ePV E 5 6 1! 4 y09A HH$HIP 7y@76 9@U89@R04 WWH e dEABEA7 Q 79@0@Qw79A E 90 0FBE0B0 E6 90 E60D7Q E@FR0A 4 §0 © § 1©¨2 S ! § §4 H#HH$HHI4 PeeP PW E ) 9B9@AE6 06D % Q 297 dFRB7yR9Uy9@AE6 0RB9@60B7E6 36 ¡ ( HU U U !"¨2 ©(¨© '©( )© © 1©¨2 ( § ! § §4 y09A HV$HH4 EQBES9@ Pee PP 6F9R7 06D 2 2EA69@ & 7AB@7SFB9D @90QB789 AxAB9A 0@9 w0@D BE Ax6Bw9A7A9 36 HU U U ! "¨2 ©(¨© '©( )© © 1©¨2 ( § ! § §4 y09A V$I4 PeeW P d 20S76 & 9Q7D0S7R7Bx E A9QE6D E@D9@ Bw9E@79A 06D 0FBE0B0 E6 7667B9 B@99A 4 S ¨ § S ¦ S ! ©S4 PVP#P$HI4 Pee

( )#0"#1 ¨3 B ª7 n > 0Q L ⊆ Σ * Π 0 n 6 R D Σ 0 n 6 S 9 7 9 7 ¡ 4 U 8 7 8 T 7 8 [0, n -1] R D [1, n] S D ¦ 9D ¢z ¦ xu u#( ruvu ¦ x%qr y(%$uvs#} #(& u
( )#0"#1 ! ()# ¢#£ $##3 B ª7 n > 0Q © 9 ª 56 8 T © 8 U 8T [0, n -1] R D [1, n] S Π 0 n 6© R D Σ 0 n 6© SD ¦ 9D
( )#0"#1 2£ ()# ¤ ) $##3 4 © 9 ª 56 R ©S © 8 `a R 7 S Σ 1 1 6© D ¦ 9D pq sr~y}& |u {}u#v qr#q s~}$%( #( n ¡tv~{uss &%sqv%|yqu& #u x%qr #( #v|%qv#vz ω ¡vuy}#v %((

  ~qruv &%sqv%|yqu& #vu(# G |y%}q v~ qru s#u }~{#} #us {#( ysq |u suu( #s # sy|#u ~ qru vuu tv~&y{q ~|q#%(u& |z t~ss%|}z &%s#}}~x%( s~u ¢ ($%v~(u(q ~$us ¬u s%t}z xv%qu G ⊆ G 1 ⊗ • • • ⊗ G n q~&u(~qu qr#q p( ¥w # ~vu u(uv#} (~q%~( ~ &%sqv%|yqu& x%qr 7 ~$us %s &u¡ (u& ru #&&%q%~(#} u tvuss%$u(uss #%(u& x%qr #sz({rv~(%s %s (~q ysu& %( qr%s t#tuv §%({u xu #vu ussu(q%#}}z usq#|}%sr%( }~xuv |~y(&s vusy}qw qr%s #{q #us sq#quu(qs u$u( sqv~(uv

  |~v&uv {~}~v # #(& ¤ qru x%((%( {~(&%q%~( ~v v~{uss qu# %s q~vu#{rw #q qru u(& ~ u$uvz }~{#} t}#zw # q%}u t x%qr t(n) = # ¥|suv$%( qr#q t}#zuv P x%}} ~v{u qru ¢ #sq¡|~v&uv |z t}#z%( # q%}u t x%qr t(e) = # #us %q {}u#v qr#q qruvu %s # x%((%( &%sqv%|yqu& sqv#quz %( qru (ux vu#{r#|%}%qz &%sqv%|yqu& #u G % #(& ~(}z % qruvu %s # (%qu q%}%( m sy{r qr#q m(0, 0) = t 0 £ ¤ oi¦oh hl ¥ k¥ § i¦ § joi¦¦ §ion¢ ¦o §jjn¦¦ ru vu}#q%~(sr%t x%qr qru #v%qruq%{#} r%uv#v{rz %s #{r%u$u& qrv~yr qru ~|suv¡ $#q%~( qr#qw |z ~sq¢s ru~vuw u$uvz }u$u} ~ qru #v%qruq%{#} r%uv#v{rz r#s # {~tyq#q%~(#} %(quvtvuq#q%~( |z u#(s ~ }quv(#q%( yv%( ¦#{r%(us § u qu(&u& x%qr %((%qu vy(s #(& xu# t#v%qz #{{utq#({u {~(&%q%~(s

  suq{r ¡ ttuv |~y(&s sr~y}& |u {}u#v pq vu#%(s q~tv~$u qru }~xuv |~y(& ru #%( %&u# %s q~u({~&u %(q~x%((%( &%sqv%|yqu& sqv#quz qru #{¡ {utq%( vy(s ~ ¦ r%s {#( |u #{r%u$u& #s ~}}~xs q vsq s%rqw qru q%}%( u({~&%( &u(u& %( qru tvu$%~ys su{q%~( #%}s q~#tt}z ruvu s%({u # q%}%( ~(}z u({~&u qru vy( ~ # ¦ s#z x%qr ¦ {~(yv#q%~(s u({~&u& |z u#(s ~ u#sq {~}~vs ~ q%}us %( # }%(u ¢ ~xu$uvw %( qr%s u({~&%(w s~ur~x #s %( # s~}%q#%vu &~%(~#uw qru tv~¡ {uss qu# &u(us t}#z%( %&u(q%{#}}z %( {~t%us ~ }~{#} #u G S,t0 ~(u q%}%( u£y%$#}u(q}z ~(u #{{utq%( ¦ vy( xr%}u t}#zuv E ¢s v~}u %s |~y(& q~{ru{ qr#q #}} vu£y%vu& st#{u %s {~$uvu& #(& #}} q%}%( vy}us #vu s#q%su& u£y%$#}u(q}z %q {ru{s qr#q qru tv~{uss qu# &u(us %(&uu& # ¦ vy( ru %&u# q~u({~&u qru vy( ~ #( ¦ %s qrys q~}uq t}#zuv E {r~~sus s~u ~ qru q%}usw s#z ~(u ~$uv qx~%( # }%(uw %( # ~&%u& }~{#} #u G S,t0 p( qr%s sr%q v~ # s~}%q#%vu q~# qx~t}#zuv &~%(~}%u #uw #}} |v#({rus ~ #( ¦ vy( #vu u({~&u& |z qru #(z q%}%(s qr#q #vu tv~&y{u& ~}}~x%( t}#zuv E ¢s ~$us ( #(#}~~ys sz({rv~(%¡#q%~( vusqv%{q%~( ~ t}#zuv E ¢s }~|#} ~$us %( # &%sqv%|yqu& #u G ⊆ GS,t0 ⊗ GS,t0 {#( ~v{u |~qr ¢ ($%v~(u(q #(& v~{uss t}#zuvs q~t}#z ~(}z vu#} q%}%(s #(& (~q £y#s%¡q%}%(s s qru %((%q#vz {~(&%q%~( ~ qru ¦ %u&%#qu}z qv#(suvs q~#( %((%q#vz {~(&%q%~( ~ qru &%sqv%|yqu& #uw qr%s {~({}y&us qru tv~~

  rusu vusy}qs #vu #{r%u$u& |z tv~$%( #(#}~~ys sq#quu(qs ~v ¤¡tv~{uss &%s¡ qv%|yqu& #us ¥ rusu #us #vu # $#v%#(q x%qr %((%qu |ur#$%~vs ~ u¡ quvs~( #(& u%¢s y}q%t}#zuv #us x%qr t#vq%#} %(~v#q%~( ¦ %(q~xr%{r &%sqv%|yqu& sz(qrus%s tv~|}us {#( |u u({~&u& #(&w %( ~sq &u{%&#|}u {#sus w §w ¨w y(%~v}z s~}$u& ¥

	¤¡tv~{uss &%sqv%|yqu& #u %s u£y%$#}u(q q~# ¤¡s%qu &%sqv%|yqu& sz(qrus%s tv~|}u x%qr #%v}z vusqv%{qu& stu{%{#q%~( p( #{qw qru }~|#} stu{%{#q%~( %( # &%sqv%|yqu& #u %s %t}%{%q}z u({~&u& %(q~ qru &us{v%tq%~( ~ t}#zuvs t~ss%|}u ~$us #(& ¤ #( %((%q#vz {~(&%q%~( stu{%z%( qru #}}~xu& %((%qu |ur#$%~vs p( }~%{#} quvsw ~$us #vu stu{%u& |z y(%$uvs#}}z £y#(q%u& k ¡}~{#} ~v¡ y}#s ¬%qr vu#{r#|%}%qz {~(&%q%~(w %u xru( (~%((%qu |ur#$%~v %s #}}~xu&w # 2 ¡tv~{uss &%sqv%|yqu& #u %s qrys # #%v}z vusqv%{qu& 2 ¡s%qu &%sqv%|yqu& sz(qru¡ s%s tv~|}u u(uv#} 2 ¡s%qu &%sqv%|yqu& sz(qrus%s tv~|}us x%qr #v|%qv#vz ¨s tu{%{#q%~( #vu (~q (~x( q~|u vu&y{%|}u q~2¡tv~{uss &%sqv%|yqu& #us ¥ ru |usq (~x( vu&y{q%~( %s q~#&& # qr%v& tv~{uss qr#q t}#zs qru v~}u ~ #( #yq~#q~( qv#(s}#q%~( ~ qru u quv(#} ¨¨~v u$u( ¦ §¥ stu{%{#q%~( ¤ r%s #us ~yv y(&u{%&#|%}%qz vusy}q %( qru vu#{r#|%}%qz {#su sqv~(uv qr#( (yu}% #(& ~s(uv¢s vusy}q p( ¦~r#}% #(& ¬#}y%ux%{¡¢s x~v ¥w qru &u{%&#|%}%qz ~ ¤¡tv~{uss &%s¡ qv%|yqu& #us x#s #}s~}uq ~tu( ¥yv vusy}qs sr~x qruz #vu (~q &u{%&#|}u u$u( x%qr qru s%t}usq %((%q#vz {~(&%q%~(s
	© njkmhl
	x~v& ~( #( #}tr#|uq A %s # y({q%~( w : ω → A x%qr tvu ¡{}~su& &~#%( ¬ru( d om(w) %s (%quw xu s#z w %s # (%qu x~v&w ~qruvx%suw w %s #( %((%qu x~v& ru suq ~ (%qu x~v&s vust (%qu (~( utqz x~v&s ~( #}tr#|uq A %s xv%qqu( A * vust A + w qru suq ~ %((%qu x~v&s %s xv%qqu( A ω w qru suq ~ (%qu ~v %((%qu x~v&s %s xv%qqu( A ∞ ru utqz x~v& %s xv%qqu( ru {#qu(#q%~( ~ u$uvz x~v& u ∈ A * #(& u$uvz x~v& v ∈ A ∞ %s xv%qqu( u.v %$u( qx~suqs A #(& B w xu xv%qu π A ~v π 1 vust π B ~v π 2 qru tv~u{q%~( v~ A × B ~(q~A vust v~ A × B ~(q~B rusu (~q#q%~(s #vu u qu(&u& q~#(z sy|suq ~

  hl ¤ m£o¥io¢oh£ p( ~v&uv q~tv~$u }~xuv |~y(&s vusy}qs %( (u q su{q%~(w xu vu$%ux %( qr%s su{q%~( qru (~q%~(s ~ (%qu #(& %((%qu q%}%(s w¦

  σ 1 ⊗ σ 2 %s (~( |}~{%( qru( σ 1 = σ 2 w #(& ¤ # &%sqv%|yqu& sqv#quz ~ qru ~v σ ⊗ σ %s x%((%( % #(& ~(}z % qru £y#s%¡q%}%( m (0, 1) ~v (1, 0) t}#zuv E t}#zs qru s#u &%vu{q%~(s %( |~qr }~{#} #us #(& {ru{s tv~{uss sqv#quz u£y#}%qzw ¤ x%qr |%q $#}yus (1, 1) t}#zuv E &u}#zs |z ~(u squt qru E~vqr qyv( %( qru su{~(& }~{#} #u #(&w #quv qr%s qyv(w vutu#qu&}z {ru{ qr#q t 1 (e) = t 2 (w) xruvu t 1 %s qru tvu$%~ys¡ {r~%{u ~ q%}us #&u |z t}#zuv P 1 #(& t 2 %s qru {yvvu(q¡ {r~%{u ~ q%}us #&u |z t}#zuv P 2 }#zuv E ~$us q~( ⊥, ⊥) % #(z ~ qrusu {ru{s #%}s ~v % #(z ~ qru v~{uss t}#zuvs {r~~sus # q%}u qr#q {~(q#%(s qru |~v&uv {~}~v #

	x%qr |%q $#}yus (0, 0) w ru x%((%( {~(&%q%~( ~v qru v~{uss qu# %s q~#$~%& t~s%q%~( (⊥, ⊥) r%s %s # s#uqz {~(&%q%~( ¨uq qru( σ 1 ⊗ σ 2 |u # &%sqv%|yqu& x%((%( sqv#quz ~( sy{r # #u ¢z {ru{%( u£y#}%qz x%qr |%q
	}s~# q%}%( ω × ω w %u %q s#q%sus qru E/W ¡{~t#q%|%}%qz {~(&%q%~( ~( #}} }%(us r%s %s &~(u #s ~}}~xs ¬u vsq #ssyuw x%qr~yq }~sq ~ u(uv#}%qzw qr#q ~ u$uvz t~s%q%~( %( #u #u G S,t0 %s u qu(&u& x%qr # (ux |%q $#}yu qr#q %s t~s%q%~(u& |z ¢ ($%v~(u(q t}#zuv¢s vsq ~$u #s u t}#%(u& |u}~x #(& ¤ #}sũ qu(&u& %( sy{r # x#z qru }#sq qx~q%}us t {yvvu(q #(& t tvu$%~ys {r~su( |z t}#zuv v~{uss #vu vu#&#|}u %( ¢ ($%v~(u(q t~s%q%~(s ¢ ($%v~(u(q ~$us %( qru tv~&y{q G S,t0 ⊗ G S,t0 #vu qru( &u(u& #s ~}}~xs ¤v~ qru %(%q%#} t~s%q%~( ( * , * ) t}#zuv E ~$us q~# t~s%q%~( x%qr #( #v|%qv#vz t#%v ~ |%q $#}yus ~(u ~( u$uvz s%&uw #(&w #{{~v&%( q~qrusu $#}yus qr#q vu#%(u& y({r#(u& }#quv ~(

σ : ω × ω → S %s #

  %squ(q%#} sq#qus ~(}z (~(u#q%~( sq#qus ¦ #vu u qu(&u& x%qr %((%qu vy(s x%qr %((%q#vz {~(&%¡ q%~(s %( qru ~}}~x%( su(su # {~tyq#q%~( qvuu ~ #( ¦ %s #{{utq%( % u$uvz (%qu |v#({r u(&s %( #( #{{utq%( {~(qv~} sq#quw #(&w ~v u$uvz %((%qu |v#({rusw qru {~vvust~(&%( %((%qu su£yu({u ~ {~(qv~} sq#qus s#q%sus qru %((%q#vz {~(¡ &%q%~( tt}z%( §w xu (~x qr#q sq#(&#v& ¦ x%qr vu#{r#|%}%qz {~(&%q%~(s {#tqyvu qru }u$u} Σ 0

  {~&%( ~ qru %((%qu q%}%( tv~|}u %( qru tv~~ ~ ru~vu §w qru %&u# %s q~#&& %( }~{#} #u G S,t0 # (~( &uquv%(%sq%{ qvuu #yq~#q~( ¤w qr#q {ru{s qr#qw %$u( # }~{#} sqv#quz σ ~}}~xu& |z t}#zuv P w qru %(&y{u& £y#s%¡q%}%( m σ suu( #s # # sy| qvuu ~ qru |%(#vz qvuu t : (e + t)

	sqvy{q%~( ~ #( %((%qu q%}%( x%qr %((%qu}z #(z ~{{yvvu({us ~ {~}~v suu ru~vu ¦ ¤v~ qru u(→ S ysus %((%qu}z #(z q%}us x%qr {~}~v §y{r #( #yq~#q~( {#( |u &u(u& x%qr ¢¡{r% #{{utq#({u {v%quv%~( qr#qw %( qyv(w &u(us qru x%((%( {~(&%q%~( ~v qru v~{uss qu#
	¢	£ khn¢m£okh
	¬u r#$u usq#|}%sru& # {~vvust~(&u({u |uqxuu( %((%q#vz {~(&%q%~(s %( &%sqv%|yqu& #us #(& }u$u}s ~ qru #v%qruq%{#} ~v #(#}zq%{#} r%uv#v{rz rusu vusy}qs #}¡ vu#&z r~}& ~v qru ¤¡tv~{uss {#su %t}z%( y(&u{%&#|%}%qz %( qr%s $uvz vusqv%{qu& suqq%( §qv%{q}z stu#%(w qruz r#$u (~#tt}%{#q%~( ¢ ~xu$uvw # {}u#v y(&uvsq#(&%( ~ qru s~yv{u ~ y(&u{%&#|%}%qz #z ru}tw %( yqyvu x~vw q~u qu(& qru (~x( &u{%&#|}u {}#ssus ~ &%sqv%|yqu& sz(qrus%s tv~|}u ~v &%sqv%|yqu& #us
	¤ nhk¥¢ §l¦ §hi
	r#(s q~ ((u "%{z ~v ruv ru}t vu$%s%( # ~vuv $uvs%~( ~ qr%s t#tuv
		%q#vz {~(&%q%~( %s Σ 1 1 ©~($uvsu}zw xu u({~&u qru {~(¡

*

¥ §© §j §hn §£

8 D $ L t#v%qz {~(&%q%~( 8 © m n ∈ IN 8 m ≤ n © 7 © Ω : A → [m, n] L = {w ∈ A ω : lim inf Ω(w) ≡ 0(2)}Q DD L 9

#tuvw xu sqy&z qru y(&u{%&#|%}%qz ~ qru &%sqv%|yqu& sz(qrus%s tv~|}u #s %(qv~&y{u& |z (yu}% #(& ~s(uv r%s tv~|}u {#( |u sq#qu& #s ~}}~xs %$u( # (%qu}z #(z s%qus %(quv{~((u{qu& qrv~yr # %$u( (uqx~v x%qr s~u stu{%u& }~|#} %(tyq {r#((u}s #(& }~|#} ~yqtyq {r#((u}s #(& # ~ u tu{qu& {~vvu{q #v{r%qu{¡ qyvu¢s }~|#} |ur#$%~vs &u(%( # suq ~ #tt%(s qr#q #t }~|#} %(tyq su£yu({us q~}~|#} ~yqtyq su£yu({us s#z %( ¤%vsq ¥v&uv ¤¥ ~v u$u( ¦~(#&%{ §u{~(& ~v&uv ¦ §¥ ¨~%{w %s qruvu # © # suq ~ #tt%(sw ~(u tuv s%quw qr#q #ts su£yu({us ~ }~{#} %(tyqs qs u£yu({us ~ }~{#} ~yqtyqs xr%{r ª « ¬%qr # stu{%{#q%~( }#(y#u #s s%t}u ¤¥w ~( qru #v{r%qu{qyvu &u(u& |z qx% (&utu(&u(q s%qus x%qr %(&utu(&u(q }~|#} %(tyq {r#((u}s #(& }~|#} ~yqtyq {r#((u}s suu ¤%yvu w qr%s tv~|}u %s (~x( q~|u y(&u{%&#|}u A 8 7 7 9 ªD $ L xu# t#v%qz {~(&%q%~( 8 7 ©

"%sqv%|yqu& #us ¥ #vu stu{%#} %(& ~ y}q%t}#zuv #us x%qr t#vq%#} %(~v¡ #q%~( ¦ u qu(&u& q~%((%qu t}#zs x%qr # {~~tuv#q%( v~{uss qu# t}#z%( ##%(sq # y(%£yu ¢ ($%v~(u(q t}#zuv

pq ~{{yvs qr#qw ~v u$uvz (%qu suq ~ q%}us S #(& S w qruvu u %sqs # ~(u tv~{uss qx~t}#zuv #u G S,t0 qr#q u({~&us #}} £y#s%¡q%}%( m : ω ×ω → S #s (~( |}~{%( sqv#qu%us ~v t}#zuv E #! ' 0! %$ ' & ! 1 #$#3 ¨ª 9 C ,t0 = P, E, T, i 8 7 © 7@ © P = ({e, n} × S × {P roc})∪{⊥}Q E = ({e, n} × S × {Env}