ĄŻŚŠŘŻĽ ŔŐĹŚŁ ĎĚŃĹŠĚŃ§ ĘĂŊĚ^∗

Ć.Ŕ.Čěàďâ, Ď.Ă.§ŋőćĺç Ńăąőàăâőàĺï ćëçĺáńĺâěńìŋőľ âěåŋĺłĺ ĺ ăćâőňăâĺğăæĺĺ Őąêěďĺŋěŋŋëľ ĺŋáâĺâãâ ïďěàŋëå ĺááńěďőćăŋĺľ 141980 Ďãąŋă, Ňőáłőćáłőľ őąń.

đ.Ă.Ąńĺŋłőć Ňěåăŋĺłő-ňăâěňăâĺçěáłĺľ äăłãńìâěâ Śăàăâőćáłĺľ ãŋĺćěàáĺâěâ 410071 Śăàăâőć

Ŕàěďáâăćńěŋ ăńčőàĺâň ąëáâàőčő ŕőĺáłă ĺŋćőńîâĺćŋőčő ňőŋőňĺăńìŋőčő ďěńĺâěńï Ęăŋě. Šăłőľ ŕőĺáł ïćńïěâáï ćăęŋőľ áőáâăćŋőľ çăáâìî ŕőáâàőěŋĺï ňőŋőňĺăńìŋëå ĺ ŕőńĺŋőňĺăńìŋëå ąăğĺáőć Ęăŋě. Ć łăçěáâćě áâàãłâãàë ďăŋŋëå ďńï łőŋěçŋőčő ňŋőęěáâćă ňőŋőňőć ćëąàăŋő ąĺŋăàŋőě ďěàěćő, őâàăęăîéěčő áćőľáâćă ďěńěŋĺï Ęăŋě.

1 ĆĆĚĎĚŊĹĚ

Ć àăąőâăå [1, 2, 3] ąëńĺ àăğàăąőâăŋë őąéĺě ăńčőàĺâňë ŕőáâàőěŋĺï ŕőńĺŋőňĺăńìŋëå ĺŋćőńîâĺćŋëå ąăğĺáőć ďńï ŕàőĺğćőńìŋëå ĺŋćőńîâĺćŋëå ďěńěŋĺľ ĺ àăááňőâàěŋ àïď łőŋłàěâŋëå ďěńěŋĺľ. Ć àăąőâě [4] íâĺ ăńčőàĺâňë ąëńĺ őąőąéěŋë ŋă áńãçăľ ńĺŋěľŋëå áĺáâěň ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ ć çăáâŋëå ŕàőĺğćőďŋëå. Ďńï ďěńěŋĺï Ŕőňňăàě ĺŋćőńîâĺćŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë àăŋěě ąëńĺ àěăńĺğőćăŋë ć áĺáâěňě Reduce [1, 5, 6], ă ŋěďăćŋő őąéĺě ŕőńĺŋőňĺăńìŋëě ĺ ńĺŋěľŋëě ďĺääěàěŋæĺăńìŋëě ăńčőàĺâňë ąëńĺ àěăńĺğőćăŋë ć áĺáâěňě Mathematica [7].

Ć ŋăáâőïéěľ àăąőâě ňë ŕàěďáâăćńïěň ăńčőàĺâň ĺ áâàãłâãàã ďăŋŋëå ďńï ąëáâàőčő ŕőĺáłă ďěńĺâěńï Ęăŋě áàěďĺ íńěňěŋâőć ğăďăŋŋőčő łőŋěçŋőčő ňŋőęěáâćă ňőŋőňőć. Ŕőĺáł ĺŋćőńîâĺćŋëå ďěńĺâěńěľ ïćńïěâáï őďŋőľ ĺğ ćăęŋěľèĺå őŕěàăæĺľ ŕàĺ ŕőáâàőěŋĺĺ ĺŋćőńîâĺćŋëå ąăğĺáőć ĺ ěčő íääěłâĺćŋőáâì ćő ňŋőčőň őŕàěďěńïěâ íääěłâĺćŋőáâì ĺŋćőńîâĺćŋëå ăńčőàĺâňőć. Ŕàěďńăčăěňëľ ŋăňĺ ăńčőàĺâň őŕĺàăěâáï ŋă áŕěæĺäĺçěáłĺě áćőľáâćă ďěńěŋĺï Ęăŋě ĺ ŋăĺąőńěě ăďěłćăâŋőě ěňã ŕàěďáâăćńěŋĺě ňŋőęěáâćă ňőŋőňőć ć ćĺďě ąĺŋăàŋőčő ďěàěćă őŕàěďěńěŋŋőľ áâàãłâãàë. Ďăŋë őæěŋłĺ ćàěňěŋŋőľ áńőęŋőáâĺ ăńčőàĺâňă ć áàăćŋěŋĺĺ á ăńčőàĺâňőň ąĺŋăàŋőčő ŕőĺáłă.

2 ĎĚŃĚŊĹĚ ĘĂŊĚ

Ŋĺęě ňë ąãďěň ĺáŕőńìğőćăâì áńěďãîéĺě őąőğŋăçěŋĺï: N - ňŋőęěáâćő ŋěőâàĺæăâěńìŋëå æěńëå çĺáěń; M = {x^{d1}_1 · · · x^{dn}_n | d_i ∈ N } - ňŋőęěáâćő ňőŋőňőć ć łőńìæě R = K [x_1, . . . , x_n] ňŋőčőçńěŋőć ŋăď ŕőńěň K ŋãńěćőľ åăàăłâěàĺáâĺłĺ; deg_i(u) - áâěŕěŋì ŕěàěňěŋŋőľ x_i ć u ∈ M ; deg(u) = ∑_m i=1 deg_i(u) - ŕőńŋăï áâěŕěŋì ňőŋőňă u; ≻ - ďőŕãáâĺňëľ ŕőàïďőł ŋă ňőŋőňăå, łőâőàëľ ňë ąãďěň ćëąĺàăâì áőćňěáâĺňëň áő áńěďãîéĺň ŕőàïďłőň ŕěàěňěŋŋëå:

x_1 ≻ x_2 ≻ · · · ≻ x_n . (1)

∗Řăąőâă çăáâĺçŋő äĺŋăŋáĺàőćăńăáì ğă áçěâ čàăŋâőć ŘŤŤĹ 98-01-00101, 00-15-96691 ĺ čàăŋâőć ĹŊŠĂŚ 96-0842, 99-1222.

Ěáńĺ ňőŋőň u ďěńĺâ ňőŋőň v ňë ąãďěň ğăŕĺáëćăâì u|v.

Ĺŋćőńîâĺćŋőě ňőŋőňĺăńìŋőě ďěńěŋĺě [1] ğăďăěâ ďńï ńîąőčő łőŋěçŋőčő ňŋőęěáâćă ňőŋőňőć U ⊂ M ĺ ńîąőčő ňőŋőňă u ∈ U àăğďěńěŋĺě ŕěàěňěŋŋëå ŋă ňãńìâĺŕńĺłăâĺćŋëě ĺ ŋěňãńìâĺŕńĺłăâĺćŋëě Śőőâćěâáâćěŋŋő, u ∈ U ïćńïěâáï ĺŋćőńîâĺćŋëň ďěńĺâěńěň ňőŋőňă w ∈ M , ěáńĺ u|w ĺ ňőŋőň w/u áőďěàęĺâ âőńìłő ňãńìâĺŕńĺłăâĺćŋëě ŕěàěňěŋŋëě ďńï u.

Ł ŋăáâőïéěňã ćàěňěŋĺ ŕőáâàőěŋ ĺ ĺğãçěŋ æěńëľ àïď ĺŋćőńîâĺćŋëå ďěńěŋĺľ [1, 2, 3, 9]. Ć ďăŋŋőľ àăąőâě ňë àăááňőâàĺň őďŋő ĺğ íâĺå ďěńěŋĺľ, áőőâćěâáâćãîéěě łńăááĺçěáłőňã àăğďěńěŋĺî ŕěàěňěŋŋëå ŋă ňãńìâĺŕńĺłăâĺćŋëě ĺ ŋěňãńìâĺŕńĺłăâĺćŋëě, ććěďěŋŋőňã Ęăŋě ďńï æěńěľ ăńčěąàăĺçěáłőčő ĺááńěďőćăŋĺï áĺáâěň ďĺääěàěŋæĺăńìŋëå ãàăćŋěŋĺľ [10].

Őŕàěďěńěŋĺě 2.1. Ďěńěŋĺě Ęăŋě [1, 8]. Ďńï łăęďőčő ĺŋďěłáă ŕěàěňěŋŋőľ 1 ≤ i ≤ n àăáŕàěďěńĺň íńěňěŋâë U ŕő ŕőďčàãŕŕăň őŕàěďěńïěňëň ŋăąőàőň ŋěőâàĺæăâěńìŋëå æěńëå çĺáěń d_1, . . . , d_i: [d_1, . . . , d_i] = { u ∈ U | d_j = deg_j (u), 1 ≤ j ≤ i }. (2) Šőčďă ŕěàěňěŋŋăï x_i ïćńïěâáï ňãńìâĺŕńĺłăâĺćŋőľ ŕő Ęăŋě ďńï u ∈ U ěáńĺ i = 1 ĺ deg_1(u) = max{deg_1(v) | v ∈ U}, ĺńĺ ěáńĺ i > 1, u ∈ [d_1, . . . , d_{i−1}] ĺ deg_i(u) = max{deg_i(v) | v ∈ [d_1, . . . , d_{i−1}]}. Ěáńĺ u ∈ U ïćńïěâáï ďěńĺâěńěň Ęăŋě ňőŋőňă w, ňë ąãďěň ğăŕĺáëćăâì íâő łăł u|_J w.

Ďńï ğăďăŋŋőčő łőŋěçŋőčő ňŋőęěáâćă ňőŋőňőć U ŕőáńěďãîéĺľ ăńčőàĺâň [3] áâàőĺâ ňĺŋĺňăńìŋëľ ąăğĺá Ęăŋě ĺďěăńă Id(U), ŕőàőęďăěňőčő íâĺň ňŋőęěáâćőň.

Ăńčőàĺâň: MonomialJanetBasis(U)

Input: U – ňŋőęěáâćő ňőŋőňőć Output: Ū – ňĺŋĺňăńìŋëľ ąăğĺá Ęăŋě ĺďěăńă Id(U) 1: Ū := Autoreduce(U) 2: while áãéěáâćãěâ u ∈ Ū ĺ x ∈ NM_J (u, Ū), âăłĺě çâő u · x ŋě ĺňěěâ ďěńĺâěńï Ęăŋě ć Ū do 3: choose ńîąőě ≻ ĺ ŕăàã u, x á ŋăĺňěŋìèĺň u · x ŕő őâŋőèěŋĺî ł ≻ 4: Ū := Ū ∪ {u · x} 5: od

Ŋă èăčě 1 ăńčőàĺâňă ćëŕőńŋïěâáï ăćâőàěďãłæĺï ŕő őąëçŋőľ ďěńĺňőáâĺ, ãáâàăŋïîéăï ĺğ ňŋőęěáâćă U ćáě ňőŋőňë, łàăâŋëě ďàãčĺň ňőŋőňăň íâőčő ňŋőęěáâćă. Ŋă èăčě 2 őáãéěáâćńïěâáï ŕőĺáł ďěńĺâěńï Ęăŋě ć âěłãéěň ňŋőęěáâćě ňőŋőňőć Û ďńï àăááňăâàĺćăěňőčő ŋěňãńìâĺŕńĺłăâĺćŋőčő ŕàőďőńęěŋĺï u · x. Ěáńĺ âăłőľ ďěńĺâěńì őâáãâáâćãěâ, âő ŋă èăčě 4 ŕàőĺáåőďĺâ ŕőŕőńŋěŋĺě ňŋőęěáâćă Û ďăŋŋëň ŕàőďőńęěŋĺěň.

3 ĂŃČŐŘĹŠŇ ŔŐĹŚŁĂ ĎĚŃĹŠĚŃ§ ĘĂŊĚ

Ŋĺęě ňë ŕőáâàőĺň ąĺŋăàŋőě ďěàěćő, łőâőàőě ąãďěň ŋăğëćăâì ďěàěćőň Ęăŋě ĺ áâàãłâãàă łőâőàőčő őâàăęăěâ âàěąãěňőě àăğąĺěŋĺě ŋă ŕőďčàãŕŕë (2) ňŋőęěáâćă U, ãŕőàïďőçěŋŋőě ćŋãâàĺ łăęďőľ ŕőďčàãŕŕë ŕő áâěŕěŋïň ŕěàěňěŋŋëå. Ňë ŕőłăęěň, çâő âăłăï áâàãłâãàă ďăŋŋëå ŕőğćőńïěâ íääěłâĺćŋő őáãéěáâćńïâì ŕőĺáł ďěńĺâěńï Ęăŋě.

Ŕàěęďě çěň őŕĺáëćăâì őąéãî áâàãłâãàã ďěàěćă ŕőïáŋĺň ěě ŋă łőŋłàěâŋőň ŕàĺňěàě. Řăááňőâàĺň ňŋőęěáâćő ňőŋőňőć U = {x^2y, xz, y^2, yz, z^2} (x ≻ y ≻ z). ĺ őâőąàăğĺň ěčő ć ćĺďě ďěàěćă Ęăŋě, łăł ŕőłăğăŋő ŋă áńěďãîéěň àĺáãŋłě.

x^2y xz y^2 yz z^2

Ŋă ďăŋŋőň àĺáãŋłě ńĺáâìï ďěàěćă áőőâćěâáâćãîâ ňőŋőňăň àăááňăâàĺćăěňőčő ňŋőęěáâćă. Ńěćőňã ŕőâőňłã áőőâćěâáâćãěâ ňőŋőň á ãćěńĺçěŋŋőľ ŋă ěďĺŋĺæã áâěŕěŋìî âěłãéěľ ŕěàěňěŋŋőľ. Ŕàăćëľ ŕőâőňőł ãłăğëćăěâ ŋă ŕőáńěďãîéãî ŕěàěňěŋŋãî áőčńăáŋő ćëąàăŋŋőňã ãŕőàïďőçěŋĺî.

Řăááňőâàĺň âěŕěàì áâàãłâãàã ąĺŋăàŋőčő ďěàěćă Ęăŋě ( JanetTree, áőłàăéěŋŋő JT ) őąéěčő ćĺďă, łăł ňŋőęěáâćă ćěàèĺŋ ĺ ńĺáâìěć JT = ∪{ν}, áőŕőáâăćńïěňőčő ŋěŕãáâőňã ňŋőęěáâćã ňőŋőňőć. Łăęďőľ íńěňěŋâã ďěàěćă ν ąãďěň áőŕőáâăćńïâì ňŋőęěáâćő ĺğ çěâëàěå íńěňěŋâőć ν = {d, u, nd, nv} áő áńěďãîéěľ áâàãłâãàőľ:

Deg(ν) = d — áâěŕěŋì ŕěàěňěŋŋőľ, Mon(ν) = u — ňőŋőň, Ndg(ν) = nd — ãłăğăâěńì ŋă áńěďãîéãî ŕő áâěŕěŋĺ ćěàèĺŋã, Nvr(ν) = nv — ãłăğăâěńì ŋă áńěďãîéãî ŕő ŕěàěňěŋŋőľ ćěàèĺŋã.

Ŕàĺ őâáãâáâćĺĺ áńěďãîéěľ ćěàèĺŋë, ãłăğăâěńî ŋă ŋěě ąãďěň ŕàĺŕĺáëćăâì ğŋăçěŋĺě nil. Šăň čďě íâő ŋě ćëğëćăěâ ŋěďőàăğãňěŋĺï, ňë ąãďěň, ďńï ŕàőáâőâë, őâőęďěáâćńïâì ãłăğăâěńĺ nd ĺ nv á áőőâćěâáâćãîéĺňĺ ĺň ćěàèĺŋăňĺ.

Łőàŋî ďěàěćă, łőâőàëľ őąőğŋăçĺň ν_o, ňë áőŕőáâăćĺň ŋãńěćãî áâěŕěŋì âěłãéěľ ŕěàěňěŋŋőľ ĺ ěďĺŋĺçŋëľ ňőŋőň u = 1. Ćěàèĺŋë ĺ ńĺáâìï ďěàěćă JT őąńăďăîâ áőáâőïŋĺïňĺ: Ćěàèĺŋă: Nvr(ν) ≠ nil ∨ (Ndg(ν) ≠ nil ∧ Deg(ν) < Deg(Ndg(ν))) Ńĺáâ: Nvr(ν) = nil ∧ Ndg(ν) = nil Ďńï ąëáâàőčő ŕőĺáłă ďěńĺâěńï Ęăŋě ňőŋőňă w ≠ 1 ć ğăďăŋŋőň ďěàěćě, áőőâćěâáâćãîéěň ňőŋőňĺăńìŋőňã ňŋőęěáâćã U ≠ {1}, àăááňőâàĺň ăńčőàĺâň JanetDivisor ŕàĺćěďěŋŋëľ ŋĺęě.

Ďőłăęěň łőààěłâŋőáâì ďăŋŋőčő ăńčőàĺâňă. Ć áőőâćěâáâćĺĺ á őŕàěďěńěŋĺěň 2.1, ďěńĺâěńěň Ęăŋě ňőŋőňă w ňőęěâ ąëâì âőńìłő âăłőľ ňőŋőň ć U, łőâőàëľ ïćńïěâáï áâăàèĺň ŕő ńěłáĺłőčàăäĺçěáłőňã ãŕőàïďőçěŋĺî, áőőâćěâáâćãîéěňã (1), áàěďĺ ćáěå ňőŋőňőć ňŋőęěáâćă U, ńĺąő ńěłáĺłőčàăäĺçěáłĺ áâăàèĺň ć őďŋőľ ĺğ čàãŕŕ ňőŋőňőć (2) ć U á d_1 = deg_1(w), . . . , d_i = deg_i(w) ŕàĺ ŋěłőâőàőň 1 ≤ i < n. Ŕàĺ íâőň ńĺąő w ďőńęěŋ áőćŕăďăâì á ďěńĺâěńěň, ńĺąő ĺňěâì áâěŕěŋì ŕő x_{i+1} ąőńìèãî, çěň ďěńĺâěńì.

Śőőâćěâáâćěŋŋő, łőààěłâŋőáâì ăńčőàĺâňă JanetDivisor ćëâěłăěâ ĺğ âőčő, çâő ŕőáńě őłőŋçăŋĺï æĺłńă 5-7 âěłãéěě áőáâőïŋĺě ňőęŋő àăğďěńĺâì ŋă çěâëàě ăńìâěàŋăâĺćŋëå áńãçăï.

1. Deg(ν) = deg_i(w) ∧ Ndg ≠ nil ∧ Nvr ≠ nil. Ć íâőň áńãçăě ć U ĺňěîâáï ňőŋőňë áő áâěŕěŋìî ŕő x_i ąőńìèěľ, çěň áâěŕěŋì íâőľ ŕěàěňěŋŋőľ ć w. Śńěďőćăâěńìŋő, ŋăďő ŕàőďőńęĺâì ŕőĺáł ďěńĺâěńï áàěďĺ ňőŋőňőć á âăłőľ ęě áâěŕěŋìî ŕő x_i, łăł ĺ ć w, ŕěàěåőďï ł áńěďãîéěľ ŕő ŕőàïďłã ŕěàěňěŋŋőľ, çâő őáãéěáâćńïěâáï ŋă èăčăå 10-12 ăńčőàĺâňă.

2. Deg(ν) < deg_i(w) ∧ Ndg(ν) = nil ∧ Nvr ≠ nil. Ć íâőň áńãçăě őŕïâì-âăłĺ ćőğňőęŋă ďěńĺňőáâì Ęăŋě ŕő x_i ĺ, łăł ĺ ć ŕàěďëďãéěň áńãçăě, ĺááńěďőćăŋĺě ďěńĺňőáâĺ ŕěàěŋőáĺâáï ŋă áńěďãîéãî ŕěàěňěŋŋãî.

3. Deg(ν) = deg_i(m) ∧ Ndg(ν) ≠ nil ∧ Nvr = nil. Ć íâőň áńãçăě ďěńĺâěńï Ęăŋě ŋěâ. İâő áńěďãěâ ĺğ âőčő, çâő ŕàőďőńęěŋĺě ŕěàěåőďă ćńěćő ŕàĺćőďĺâ ł ńĺáâã ďěàěćă á ňőŋőňőň ĺňěîéĺň áâěŕěŋì ŕő âěłãéěľ ŕěàěňěŋŋőľ, ąőńìèãî çěň w. Šăłőľ ňőŋőň ŋě ňőęěâ, őçěćĺďŋő, ďěńĺâì w.

4. Deg(ν) ≤ deg_i(m) ∧ Ndg(ν) = nil ∧ Nvr = nil. Ć íâőň áńãçăě ν ïćńïěâáï ńĺáâőň ďěàěćă, ňőŋőň łőâőàőčő ĺ ěáâì ĺcłőňëľ ďěńĺâěńì Ęăŋě.

Ăńčőàĺâň: JanetDivisor(JT, w)

Input: JT – ďěàěćő Ęăŋě, w – ňőŋőň Output: ňőŋőň u |_J w ńĺáâă JT ĺńĺ nil ć ŕàőâĺćŋőň áńãçăě 1: d := deg(w) 2: i := 1 3: ν := ν_o 4: while d > 0 do 5: while Deg(ν) < deg_i(w) and Ndg(ν) do 6: ν := Ndg(ν) 7: od 8: if Nvr(ν) then 9: d := d − deg_i(w) 10: i := i + 1 11: ν := Nvr(ν) 12: elif Ndg(ν) then 13: return nil 14: else 15: return Mon(ν) 16: fi 17: od

Šěőàěňă. Ŕãáâì d ŋăĺąőńìèăï ŕőńŋăï áâěŕěŋì ňőŋőňőć őâ n ŕěàěňěŋŋëå ĺğ ňőŋőňĺăńìŋőčő ňŋőęěáâćă U. Šőčďă ćàěňěŋŋăï áńőęŋőáâì ăńčőàĺâňă JanetDivisor ĺ ăńčőàĺâňă ąĺŋăàŋőčő ŕőĺáłă ďěńĺâěńï Ęăŋě őčàăŋĺçěŋë áőőâćěâáâćěŋŋő

t_{JanetDivisor(U)} = O(d + n), t_{BinarySearch(U)} = O(n((d + n) log(d + n) − n log(n) − d log(d))).

Ďőłăğăâěńìáâćő. Ćàěňěŋŋăï áńőęŋőáâì ăńčőàĺâňă JanetDivisor őŕàěďěńïěâáï ŋăĺąőńìèěľ ďńĺŋőľ ŕãâĺ ć ŕőáâàőěŋŋőň ąĺŋăàŋőň ďěàěćě. Ŕőáłőńìłã ňőŋőňë őčàăŋĺçěŋë ŕőńŋőľ áâěŕěŋìî d, âő d ąãďěâ âăłęě ïćńïěâáï čàăŋĺæěľ ďńï ďńĺŋë ŕãâĺ ěáńĺ ćőáŕőńìğőćăâìáï n-ăàŋëň ďěàěćőň. Ŕőáłőńìłã ăńčőàĺâň JanetDivisor ĺáŕőńìğãěâ ąĺŋăàŋőě ďěàěćő, ćàěňï ŕőĺáłă ňőŋőňă ąãďěâ őčàăŋĺçěŋă t_{JanetDivisor(G)} = O(d + n).

Ůĺáńő àăğńĺçŋëå ňőŋőňőć áâěŕěŋĺ ≤ d őâ n ŕěàěňěŋŋëå àăćŋő (_{d+n} n ) . Ćàěňěŋŋăï áńőęŋőáâì ăńčőàĺâňă ąĺŋăàŋőčő ŕőĺáłă ć ãŕőàïďőçěŋŋőň ňŋőęěáâćě ĺğ k íńěňěŋâőć àăćŋă O(log_2 k). Ďńï łőńĺçěáâćă íńěňěŋâőć ňŋőęěáâćă U ĺňěěâ ňěáâő őčàăŋĺçěŋĺě k ≤ (_{d+n} n ) . Ĺáŕőńìğãï ćăàĺăŋâ äőàňãńë Śâĺàńĺŋčă log(n!) − ((n + 1/2) log(n) − n) = O(1)

ďńï őæěŋłĺ ćëàăęěŋĺï

O(log_2 ( d + n n ) ) = O ( log ( (d + n)! n!d! ))

ĺ ãçĺâëćăï, çâő őŕěàăæĺï áàăćŋěŋĺï ňőŋőňőć, ŋěőąåőďĺňăï ďńï àăąőâë ăńčőàĺâňă ąĺŋăàŋőčő ŕőĺáłă, ĺňěěâ ćàěňěŋŋãî áńőęŋőáâì O(n) ŕőńãçĺň

t_{JanetBinFind(G)} = O(n((d + n) log(d + n) − n log(n) − d log(d))).

ŚŔĹŚŐŁ ŃĹŠĚŘĂŠŞŘŻ

[1] Gerdt V.P., Blinkov Yu.A. Involutive Bases of Polynomial Ideals // Math. Comp. Sim. 1998, 45.

P.519-542.

[2] Gerdt V.P., Blinkov Yu.A. Minimal Involutive Bases // Math. Comp. Simul. 1998, 45. P.543-560.

[3] Gerdt V.P. Involutive Division Technique: Some Generalizations and Optimizations // Ğăŕĺáłĺ ŋăãçŋëå áěňĺŋăàőć ŚŔŐŇĹ (Ś.Ŕěâěàąãàč) 1999, 258. Ś.185-206.

[4] Gerdt V.P. Completion of Linear Differential Systems to Involution // Computer Algebra in Scientific Computing / CASC’99”, V.G.Ganzha, E.W.Mayr and E.V.Vorozhtsov (Eds.), Springer- Verlag, Berlin, 1999. P.115-137.

[5] Ęăàłőć Ă.đ., Ąńĺŋłőć đ.Ă. Ĺŋćőńîâĺćŋëě áĺáâěňë ăńčěąàăĺçěáłĺå ãàăćŋěŋĺľ // Ŕàőčàăňňĺàőćăŋĺě. 1994, 1. Ś.53-56.

[6] Zharkov A.Yu., Blinkov Yu.A. Involutive Approach to Investigating Polynomial Systems // Math.

Comp. Simul. 1996, 42. P.323-332.

[7] Gerdt V.P., Kornyak V.V., Berth M., Czichowsky G. Construction of Involutive Monomial Sets for Different Involutive Divisions // Computer Algebra in Scientific Computing / CASC’99”, V.G.Ganzha, E.W.Mayr and E.V.Vorozhtsov (Eds.), Springer-Verlag, Berlin, 1999. P.147-157.

[8] Čěàďâ Ć.Ŕ., Ąńĺŋłőć đ.Ă. Ĺŋćőńîâĺćŋőě ďěńěŋĺě ňőŋőňőć // Ŕàőčàăňňĺàőćăŋĺě. 1998, 6.

Ś.22-24.

[9] Chen Yu-Fu, Gao Xiao-Shan. Vector Representation of Involutive Divisions // Mathematics- Mechanization Research Preprints, No.18, Beijing, 1999, C.9-22.

[10] Janet M. Leçons sur les Systèmes d’Equations aux Dérivées Partielles // Cahiers Scientifiques, IV, Gauthier-Villars, Paris, 1929.