Ňăńìæěćáłĺě çâěŋĺï Ŋőćőáĺąĺàáł (2005) Šěğĺáë ďőłńăďőć

Ćëçĺáńĺňëě �-áŕěæĺäĺłăæĺĺ ĺěàăàåĺğĺàőćăŋŋëå ňőďěńěľ

Ć. Ŋ. Čńãèłőćă

Ć àăňłăå łőŋæěŕæĺĺ ˚-ŕàőčàăňňĺàőćăŋĺï [1] ć àăąőâăå [2, 3] ććěďěŋ łńăáá ´0T -äőàňãń, őâńĺçăîéĺåáï őâ ´0-äőàňãń ĺěàăàåĺğĺàőćăŋŋëň ŕàěäĺłáőň. İâĺ äőàňãńë ĺňěîâ ćĺď

(∀x1 _∈t1) . . . (∀x_m _∈t_m)(y1 ≺ z1) . . .(y_p ≺ z_p)˘(—α)

m � 1, p � 0, —α | ŕőáńěďőćăâěńìŋőáâì ŕěàěňěŋŋëå x1, . . .x_m, t1, . . ., t_m; y_j , z_j ∈ —α, 1 � j � p. Ŕàěďáâăćńïï ćáě ŕěàěňěŋŋëě ŕàěäĺłáă ãğńăňĺ á ďãčăňĺ őâ ãğńă t_i ł ãğńã x_i, ŕőńãçĺň ďěàěćő á łőàŋěň t1. ´0T -äőàňãńë ĺŋâěàŕàěâĺàãîâáï ŋă ňőďěńïå á ĺěàăàåĺğĺàőćăŋŋőľ ŋăďáâàőľłőľ D_G(C). Ŋăďáâàőľłă ğăďăćăěâáï ŋěłőâőàőľ ŁŚ-čàăňňăâĺłőľ G = (I, P ) ( I | ňŋőęěáâćő áĺňćőńőć, P | ňŋőęěáâćő ŕàăćĺń) ŋăď ňŋőęěáâćőň łőŋáâăŋâ C = {C_a}_{a∈T} , čďě I = T ∪N, T , N | ňŋőęěáâćă âěàňĺŋăńìŋëå ĺ ŋěâěàňĺŋăńìŋëå áĺňćőńőć áőőâćěâáâćěŋŋő. Ňŋőęěáâćő D_G(C) őŕàěďěńïěâáï łăł ŋăĺňěŋìèěě ňŋőęěáâćő ćáěå áŕĺáłőć ⟨t1, . . ., tn⟩, äőàňĺàãěňëå ďńï łăęďőčő ŕàăćĺńă A → X1 . . .Xn ∈ P , n ≥ 1,

X_i ∈ I, čàăňňăâĺłĺ áńěďãîéĺň őąàăğőň: ěáńĺ X_i ∈ T , âő t_i | ŕàőĺğćőńìŋăï łőŋáâăŋâă ĺğ C_{Xi} , ĺŋăçě (X_i ∈ N) | ŕàőĺğćőńìŋëľ áŕĺáőł áőàâă X_i. Śŕĺáőł ⟨t1, . . ., tn⟩ ĺňěěâ áőàâ A, DG(C) = � A∈N D^A_G(C).

Őąőğŋăçĺň áĺčŋăâãàã ňőďěńĺ M çěàěğ σ = ⟨I ∪ {list}, C, F, R⟩, I | ňŋőęěáâćő áőàâőć ňőďěńĺ, list áőàâ áŕĺáłőć ĺğ D_G(C); F , R | ňŋőęěáâćă äãŋłæĺľ ĺ ŕàěďĺłăâőć áőőâćěâáâćěŋŋő. Ďěàěćìï àăğąőàă ŁŚ-čàăňňăâĺłĺ G ŕàěďáâăćńïîâáï ć ŋăďáâàőľłě ňőďěńĺ áŕĺáłőň; őâŋőèěŋĺě _∈ őąőğŋăçăěâ őâŋőèěŋĺě ŕàĺŋăďńěęŋőáâĺ íńěňěŋâă áŕĺáłã ĺńĺ ěčő âàăŋğĺâĺćŋőě ğăňëłăŋĺě ĺ áőőâćěâáâćãěâ őâŋőèěŋĺî ŕőďçĺŋěŋĺï ãğńőć ďěàěćă, ≺ őąőğŋăçăěâ őâŋőèěŋĺě \ńěćěě".

Ąãďěň ŋăğëćăâì ňőďěńì CF (M) N-áâàãłâãàĺàőćăŋŋëň ŕàěďáâăćńěŋĺěň ňőďěńĺ M, ěáńĺ őŋĺ ĺňěîâ őďŋĺ ĺ âě ęě ŋőáĺâěńĺ, ĺáłńîçăï ŋőáĺâěńĺ ŋěâěàňĺŋăńìŋëå áőàâőć. Ňŋőęěáâćő D^A_G(C) ïćńïěâáï ŋőáĺâěńěň áőàâă A, A ∈ N ć ňőďěńĺ CF (M).

Řăááňőâàĺň âěőàĺî ĺğ ´0T -łćăğĺâőęďěáâć, ďńï łőâőàëå äőàňãńă ˘(—α) ïćńïěâáï ĺňŕńĺłăæĺěľ ćĺďă: φ(—x, —t) → ψ(—x, —t), čďě φ (ψ) łőŋêîŋłæĺï ăâőňŋëå äőàňãń ćĺďă p, τ1 = τ2 (r, f = τ); p, r, f | ŕàěďĺłăâŋëě ĺ äãŋłæĺőŋăńìŋëľ áĺňćőńë τ, τ1, τ2 | âěàňë. Ŕãáâì âěőàĺï T h = T0 ∪T r∪H ćłńîçăěâ łőŋěçŋëě ňŋőęěáâćă T0 ğăňłŋãâëå ăâőňăàŋëå äőàňãń ćĺďă f(—c) = c_i, p(—c) ĺ T r : {c_i ∈ c_j | c_i, c_j ∈ C_t, C_t ⊆ C}. Őâŋőèěŋĺï ĺğ T r őŕàěďěńïîâ ďěàěćő tr, ć łőâőàőň

4 ŋőïąàï 2005

2 Ć. Ŋ. ČŃŞŸŁŐĆĂ

łőŋáâăŋâë c_i ïćńïîâáï ãğńăňĺ, âăłĺňĺ çâő sort(c_i) ∈ I, sort(c_j ) ∈ N; ďěàěćã tr áőőâćěâáâćãěâ ŋěłőâőàőăï ŕőáńěďőćăâěńìŋőáâì ŕàăćĺń čàăňňăâĺłĺ G. Šěőàĺï H− íâő łőŋěçŋőě ňŋőęěáâćő ãŋĺćěàáăńìŋëå ´0T -łćăğĺâőęďěáâć.

Šěőàĺï T h âàăłâãěâáï łăł áĺáâěňă őŕàěďěńěŋĺľ äãŋłæĺľ ĺ őâŋőèěŋĺľ, ğăďăŋŋëå ŋă ďěàěćě tr, ãğńë łőâőàőčő ŕàěďáâăćńěŋë łőŋáâăŋâăňĺ áőâćěâáâćãîéěčő áőàâă ĺğ C.

Ďńï áãéěáâćőćăŋĺï ňőďěńĺ ŋă âěőàĺî ŋăłńăďëćăîâáï âăłĺě ęě őčàăŋĺçěŋĺï łăł ć [4].

Šěőàěňă 1. Ćáïłăï ăæĺłńĺçŋăï, őŕàěďěńĺňăï ćő ňŋőęěáâćě łőŋáâăŋâ áĺčŋăâãàë ς íłćăæĺőŋăńìŋő łőààěłâŋăï âěőàĺï T h ĺğ ´0T äőàňãń ĺňěěâ ňőďěńì M ĺğ łőŋáâăŋâ áĺčŋăâãàë á KC-áŕĺáőçŋőľ ŋăďáâàőľłőľ D_G(C) ĺğőňőàäŋãî äăłâőà áĺáâěňě áćőąőďŋőľ áĺáâěňë, ŕőàőęďăěňőľ σ ĺ ğăďăćăěňőľ T h.

Ďńï âěőàĺĺ T h áâàőĺâáï áâăŋďăàâŋăï ňőďěńì, őŕàěďěńïěňăï T0 ∪ T r ĺ ňŋőęěáâćőň ŕőàőęďăîéĺå C ć łćăğĺňŋőčőőąàăğĺĺ, őŕàěďěńïěňőň H, ŕő ăńčőàĺâňã [5].

Šěőàěňă 2. Ŕàőĺğćőńìŋăï ´0T −äőàňãńă á ŕàěäĺłáőň ďńĺŋë m ĺŋâěàŕàěâĺàãěâáï ŋă N− áâàãłâãàĺàőćăŋŋëőň ŕàěďáâăćńěŋĺěň ňőďěńĺ M ěľ ĺğőňőàäŋőň á ćàěňěŋŋőľ áńőęŋőáâìî O(n^m+1) őâŋőáĺâěńìŋő ňőéŋőáâĺ áŕĺáłőć.

Ťőàňãńăňĺ ćëďěńěŋŋőčő łńăááă ňőęŋő áŕěæĺäĺæĺàőćăâì łőŋâěłáâŋő-ğă-ćĺáĺňëľ áĺŋâăłáĺá ïğëłőć ŕàőčàăňňĺàőćăŋĺï ĺ ŕőćěďěŋĺě ŕàőáâëå âěåŋĺçěáłĺå áĺáâěň á ąěğăńìâěàŋăâĺćŋëň ŕőćěďěŋĺěň [2, 3]. Ďńï áŕěæĺäĺłăæĺĺ áćőľáâć áńőęŋëå ćëçĺáńĺâěńìŋëå ĺ âěåŋĺçěáłĺå áĺáâěň ćëàăğĺâěńìŋëå ćőğňőęŋőáâěľ íâĺå äőàňãń ŋě ďőáâăâőçŋő, ŕőáłőńìłã őŋĺ ŋě ćëàăęăîâ ăńìâěàŋăâĺćŋëå ćăàĺăŋâőć ćëçĺáńěŋĺľ. Řăááňőâàĺň ąőńěě èĺàőłĺľ łńăáá äőàňãń, ŕàăćăï çăáâì ĺňŕńĺłăæĺĺ łőâőàëå áőďěàęĺâ àăğďěńĺâěńìŋãî ďĺğêîŋłæĺî ĺ ĺňěěâ ćĺď: φ(—x, —t) → ψ1(—x, —t)⊕ψ2(—x, —t). Ťőàňãńăňĺ íâőčő ćĺďă ňőęŋő áŕěæĺäĺæĺàőćăâì ăáĺŋåàőŋŋëě ŕăàăńńěńìŋëě àěăčĺàãîéĺě áĺáâěňë. Ŕőćěďěŋĺě âăłĺå áĺáâěň ćő ćàěňěŋĺ ňőęŋő őŕĺáëćăâì ŕőáàěďáâćőň ŕěàěåőďőć, őŕàěďěńïěňëå ŕăàőľ áőáâőïŋĺľ (s, s^′) ďő ĺ ŕőáńě ćëŕőńŋěŋĺï ŋěłőâőàőčő ďěľáâćĺï (őŕěàăâőàă ŕàőčàăňňë), čďě áőáâőïŋĺě | íâő őâőąàăęěŋĺě s : V → D ĺğ ňŋőęěáâćă ŕěàěňěŋŋëå V ć őąńăáâì ğŋăçěŋĺľ D. Ŋăçăńìŋëě áőáâőïŋĺï áĺáâěňë őŕĺáëćăîâáï äőàňãńăňĺ S ŋăď ŋăçăńìŋëňĺ ğŋăçěŋĺïňĺ ŕěàěňěŋŋëå. Ďńï őâŋőèěŋĺï ŕěàěåőďőć R áâàőĺâáï äőàňãńă R(V, V^′), ŕàěďáâăćńïîéăï íâőâ ŕěàěåőď, V , V^′ | ŕěàěňěŋŋëě âěłãéěčő ĺ áńěďãîéěčő áőáâőïŋĺï.

´0T -łćăğĺâőęďěáâćăňĺ, őŕàěďěńïěňëňĺ ŋăď łőŋłàěâŋëňĺ (ĺńĺ ăąáâàăłâŋëňĺ) áĺŋâăłáĺçěáłĺňĺ áâàãłâãàăňĺ ňőęŋő áŕěæĺäĺæĺàőćăâì ńőčĺçěáłãî áěňăŋâĺłã ŕàőčàăňňë, łőâőàăï őâàăęăěâ áćőľáâćă ĺáåőďŋëå ĺ łőŋěçŋëå áőáâőïŋĺľ, ă âăłęě áćőľáâćă ŕàőňěęãâőçŋëå áőáâőïŋĺľ. Ďăęě ěáńĺ áŕěæĺäĺăæĺï ŋě ïćńïěâáï ŋěâěàőćőľ (ŕőáłőńìłã çăáâő ŕàěďŕőńăčăîâ, çâő áĺáâěňă àăąőâăěâ ŋěőčàăŋĺçěŋŋő ďőńčő), ňőęŋő ŕőáâàőĺâì ŋěłőâőàãî łőŋěçŋãî (čàăäőćãî) ňőďěńì, ĺáŕőńìğãï ňěâőď ăąáâàăłæĺĺ. Ŋăŕàĺňěà, àăááňőâàĺň ăŋăńĺğĺàãěňãî ć [6] ŕăàăńńěńìŋãî ŕàőčàăňňã áő ćğăĺňŋëň ĺáłńîçěŋĺěň (m, m^′ | ňěâłĺ ćåőďă ĺ ćëåőďă).

P = m : cobegin P0 ‖ P1 coend m^′, čďě

P0 :: l0 : while T rue do

ĆŻŮĹŚŃĹŇŻĚ ˚-ŚŔĚŰĹŤĹŁĂŰĹĹ ĹĚŘĂŘŢĹĞĹŘŐĆĂŊŊŻŢ ŇŐĎĚŃĚĽ 3

NC0 : wait(turn = 0); CR0 : turn := 1;

end while

l^′0

P1 :: l1 : while T rue do

NC1 : wait(turn = 1); CR1 : turn := 0;

end while

l^′1 Ŕàĺćěďěň äàăčňěŋâ őŕĺáăŋĺï ŕàőčàăňňë, čďě ĺáŕőńìğãîâáï ŕàěďĺłăâë ACT (ăłâĺćŋëľ), ASL (ęďãéĺľ), őŕàěďěńěŋŋëě ŋă P rog ⋊ P rocess ⋊ N ⋊ N ∪ P rocess ⋊ Oper ⋊N ⋊N, łőâőàëě ïćŋő ğăćĺáïâ őâ ŋăâãàăńìŋëå ğŋăçěŋĺľ ŕěàěňěŋŋëå pc0, pc1 | áçěâçĺłőć łőňăŋď ŕàőæěááőć P0, P1. Ĺå ğŋăçěŋĺï àăćŋë çĺáńã ćëŕőńŋěŋŋëå őŕěàăâőàőć ć áőőâćěâáâćãîéĺå ŕàőæěááăå ďő ŋăçăńă ĺáŕőńŋěŋĺï őŕěàăâőàă oper, ďńï łőâőàőčő ćëŕőńŋěŋő ACT (P_i, L : oper, pc0, pc1).

1.ACT (m : P, P0, P1) → ASL(P, NC0 : wait, 1, 0), ASL(P, NC1 : wait, 0, 1) 2.ASL(P, L0 : op0, pc1) ∧ ASL(P, L1 : op1, pc1) → ACT (P, L0 : op0, pc0, pc1)⊕ ACT (P, L1 : op1, pc0, pc1) 3.ACT (P, NC0 : wait, pc0, pc1), ASL(P, L1 : op1, pc0, pc1), V al(P, turn, pc0 − 1, pc1) = 0 →

ASL(P, CR0 : assign, pc0 + 1, pc1), ASL(P, L1 : op1, pc0 + 1, pc1), V al(P, turn, pc0, pc1) = V al(P, turn, pc0 − 1, pc1) 4.ACT (P, NC0 : wait, pc0, pc1), ASL(P, L1 : op1, pc0, pc1), V al(P, turn, pc0 − 1, pc1) ≠ 0 →

ASL(P, NC0 : wait, pc0 + 1, pc1), ASL(P, L1 : op1, pc0 + 1, pc1), V al(P, turn, pc0, pc1) = V al(P, turn, pc0 − 1, pc1) 5.ACT (P, CR0 : assign, pc0, pc1), ACL(P, L1 : op1, pc0, pc1) → V al(P, turn, pc0, pc1) = 1,

ASL(P, l0 : P0, pc0 + 1, pc1), ASL(P, L1 : op1, pc0 + 1, pc1)

Ć áŕěæĺäĺłăæĺĺ ŕàőčàăňňă P ŕàěďáâăćńïěâáï łőŋłàěâŋëň ŁŚ-áŕĺáłőň, őŕàěďěńïěňëň ăąáâàăłâŋőľ (łőŋłàěâŋőľ) čàăňňăâĺłőľ ïğëłă. Śćőąőďŋëě ŕěàěňěŋŋëě pc0, pc1 áćïğăŋë ãŋĺćěàáăńìŋëň łćăŋâőàőň ćáěőąéŋőáâĺ; ŕěàěňěŋŋëě P0, P1, op0, op1 áőàâă \ŕàőæěáá", \őŕěàăâőà" ĺ ďà. áćïğăŋë őčàăŋĺçěŋŋëňĺ łćăŋâőàăňĺ ćáěőąéŋőáâĺ ŕő áŕĺáłã, łőŋłàěâĺğĺàãîéěňã P .

Ŕàěďáâăćĺň ć ćĺďě ŕãâěľ čàăäă ćáěćőğňőęŋëě łőňąĺŋăæĺĺ čőâőćëå ł ĺáŕőńŋěŋĺî őŕěàăâőàőć őąőĺå ŕàőæěááőć. Ďńï íâőčő ăąáâàăčĺàãěňáï őâ ğŋăçěŋĺľ ŕěàěňěŋŋëå pc0, pc1; ŕőňěâĺň ãğńë čàăäă ğŋăçěŋĺïňĺ àăğďěńïěňőľ ŕěàěňěŋŋőľ turn ĺ ŕàěďĺłăâăňĺ á ăàčãňěŋâăňĺ ęďãéĺå ĺáŕőńŋěŋĺï őŕěàăâőàőć ASL(P, L0 : op0), ASL(P, L1 : op1). Ğďěáì L0 : op0, L1 : op1 | ŕàőĺğćőńìŋëě őŕěàăâőàë ŕàőæěááőć P0, P1 áőőâćěâáâćěŋŋő. Ć čàăäě ąãďěň őâőęďěáâćńïâì ãğńë, ŕőňěçěŋŋëě ŕàěďĺłăâăňĺ ASL á őďĺŋăłőćëňĺ ğŋăçěŋĺïňĺ pc0, pc1. Ŋăçăńìŋëě 2 ãğńă áőőâćěâáâćãîâ äőàňãńě V al(P, turn, 0, 0) = 0⊕V al(P, turn, 0, 0) = 1, ASL(P, l0 : P0, 0, 0), ASL(P, l1 : P1, 0, 0) ĺ áőďěàęăâ áőőâćěâáâćěŋŋő ğŋăçěŋĺï: ASL(P, l0 : P0), ASL(P, l1 : P1), turn = 0 ĺ ASL(P, l0 : P0), ASL(P, l1 : P1), turn = 1. Łăęďëľ ãğěń áőďěàęĺâ ďćě ďãčĺ, ŕőňěçěŋŋëě áőőâćěâáâćěŋŋő ŕàěďĺłăâăňĺ ACT (P, L0 : op0), ACT (P, L1 : op1), Őâ ãğńă n ł ãğńã m ĺďěâ ďãčă, ěáńĺ ć áŕěæĺäĺłăæĺĺ ěáâì ăłáĺőňë, ńěćăï çăáâì łőâőàëå ãďőćńěâćőàïěâ łőŋêîŋłæĺĺ ãáńőćĺľ, áőďěàęăéĺåáï ć ãğńě n ĺ ďãčě. Şğěń m ŕőňěçěŋ

4 Ć. Ŋ. ČŃŞŸŁŐĆĂ

ŕàěďĺłăâăňĺ, áőďěàęăéĺňĺáï ć ŕàăćőľ çăáâĺ ăłáĺőňë, łőŋłàěâĺğĺàőćăŋŋëňĺ áőőâćěâáâćãîéĺňĺ ğŋăçěŋĺïňĺ ŕěàěňěŋŋëå. Ć àěğãńìâăâě ŕőńãçĺň čàăä ďőáâĺęĺňëå áőáâőïŋĺľ ňőďěńĺ Łàĺŕłě [6]. Ŕő íâőňã čàăäã ńěčłő ãąěďĺâìáï ć âőň, çâő ďńï ŕàĺćěďěŋŋőľ ŕàőčàăňňë őąěáŕěçĺćăěâáï áćőľáâćő ćğăĺňŋőčő ĺáłńîçěŋĺï: ŋě ňőčãâ ďćă őŕěàăâőàă á ňěâłăňĺ CR0, CR1 őďŋőćàěňěŋŋő ŋăåőďĺâìáï ć áőáâőïŋĺĺ őęĺďăŋĺï, äőàňăńĺğãěňőě äőàňãńőľ ¬∃i, j(ASL(P, CR0 : assign, i, j) ∧ ASL(P, CR1 : assign, i, j)).

Śŕĺáőł ńĺâěàăâãàë

[1] S.S. Goncharov and D.I. Sviridenko. Theoretical aspects of ˚- programming. Mathematical Methods of Speci˛cationand Synthesis of Software Systems’ 85. Proceed. of the Internat.Spring School. Springer-Verlag, April, 1985.

[2] Čńãèłőćă Ć.Ŋ. Őæěŋłă áńőęŋőáâĺ àěăńĺğăæĺĺ ńőčĺçěáłĺå áŕěæĺäĺłăæĺľ. Łĺąěàŋěâĺłă ĺ áĺáâěňŋëľ ăŋăńĺğ. 1996, ò 4.

[3] V.N.Glushkova.The execution complexity of logical formulas with restricted quanti˛ers based on CF-grammars.http://www.univ-paris12.fr/ lacl /LCCS2001/proceeding [4] Ĺńìĺçěćă Ő.Ă. Śàěďáâćă ďĺăčŋőáâĺłĺ őèĺąőł ďńï áĺáâěň ńőčĺçěáłőčő ŕàőâőâĺŕĺàőćăŋĺï.

Ăćâőňăâĺłă ĺ âěńěňěåăŋĺłă. 9,1997.

[5] Ňăńìæěć Ă.Ĺ. Ăńčěąàăĺçěáłĺě áĺáâěňë. Ň., 1970.

[6] İ.Ň. Łńăàł ňń., Ő.Čàăňąěàč, Ď. Ŕěńěď. Ćěàĺäĺłăæĺï ňőďěńěľ ŕàőčàăňň.Ň., 2002.

E-mail: lar@aaanet.ru