© 2003č. Ŕ.Ă. Ąőřĺśőćśłĺľ, Ă.Ć. Ěřěňěěć, łăŋď. ťĺğ.{ňăš. ŋăşł (Őňśłĺľ ťĺńĺăń Ĺŋśšĺšşšă ňăšěňăšĺłĺ ŚŐ ŘĂŊ)

Ő śřăćŋěŋĺĺ ŋěłőšőřżţ ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć

Ć řăąőšě ŕřőćőďĺšś£ šěőřěšĺůěśłőě śřăćŋěŋĺě őďŋőčő ĺğ ŋăĺąőńěě ŕřőśšżţ ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć ś ďřşčĺňĺ ňěšőďăňĺ ¡šőčő łńăśśă ć śĺšşăűĺĺ, łőčďă őŕěřăšőř ŕěřěţőďă ł ŋőćżň řěÿěŋĺ£ň şďőćńěšćőř£ěš, šăł ŋăğżćăěňőňş, şśńőćĺ¿ ňőŋőšőŋŋőśšĺ. Ŕőłăğăŋő, ůšő ŕřĺ şśńőćĺĺ ňőŋőšőŋŋőśšĺ řăśśňăšřĺćăěňżľ ăńčőřĺšň £ćń£ěšś£ őŕšĺňăńĳŋżň ć łńăśśě ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć.

1 Ććěďěŋĺě

İćőń¿űĺőŋŋżě ăńčőřĺšňż, ł ůĺśńş łőšőpżţ őšŋőś£šś£ čěŋěšĺůěśłĺě ăńčőřĺšňż [1, 2], ¡ćőń¿űĺőŋŋżě śšřăšěčĺĺ [3], ăńčőřĺšňż čěŋěšĺůěśłőčő ŕřőčřăňňĺřőćăŋĺ£ [4] ĺ ďř., ŕőńşůă¿š ćśě ąőńěě ÿĺřőłőě ŕřĺňěŋěŋĺě ć řěÿěŋĺĺ ğăďăů őŕšĺňĺğăűĺĺ. Ţăřăłšěřŋőľ őśőąěŋŋőśšĳ¿ ¡šĺţ ăńčőřĺšňőć £ćń£ěšś£ ĺňĺšăűĺ£ ŕřőűěśśă ¡ćőń¿űĺĺ ąĺőńőčĺůěśłőľ ŕőŕşń£űĺĺ, čďě őśőąĺ śőőšćěšśšćş¿š ŕřőąŋżň šőůłăň ć ŕřőśšřăŋśšćě řěÿěŋĺľ ğăďăůĺ őŕšĺňĺğăűĺĺ, ă ŕřĺśŕőśőąńěŋŋőśšĳ őśőąěľ ł şśńőćĺ£ň őłřşęă- ¿źěľ śřěďż őŕřěďěń£ěšś£ ğŋăůěŋĺ£ňĺ űěńěćőľ ťşŋłűĺĺ ć ¡šĺţ šőůłăţ. Łăł ŕřăćĺńő, ŕřőűěśś ŕőĺśłă őŕšĺňăńĳŋőčő (ĺńĺ ąńĺğłőčő ł ŋěňş) řěÿěŋĺ£ ŋăŕřăćń£ěšś£ ĺśłń¿ůĺšěńĳŋő ŕőńşůěŋŋżňĺ ğŋăůěŋĺ£ňĺ űěńěćőľ ťşŋłűĺĺ ć ŕřěďżďşźĺţ ŕřőąŋżţ šőůłăţ ŕřőśšřăŋśšćă řěÿěŋĺľ. Ŕřĺ ¡šőň ŋĺłăł ŋě ĺśŕőńĳğş¿šś£ ŕřěďŕőńőęěŋĺ£ ő šăłĺţ śćőľśšćăţ űěńěćőľ ťşŋłűĺĺ ĺ őčřăŋĺůěŋĺľ, łăł ćżŕşłńőśšĳ, ďĺťťěřěŋűĺřşěňőśšĳ, ćżŕőńŋěŋĺě śőőšŋőÿěŋĺ£ Ąěńńňăŋă ĺ š.ď.

Ŕřĺŋűĺŕż ŋăśńěďśšćěŋŋőśšĺ, ĺğňěŋůĺćőśšĺ ĺ őšąőřă, śťőřňşńĺřőćăŋŋżě Ů.Ďăřćĺŋőň [5], ć ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňăţ řěăńĺğş¿šś£ ć ŕőśšřőěŋĺĺ ŋőćżţ řěÿěŋĺľŕőšőňłőć ŕőśřěďśšćőň śńşůăľŋżţ őŕěřăšőřőć, ňőďĺťĺűĺřş¿źĺţ ŕőńşůěŋŋżě řăŋěě ŕřőąŋżě šőůłĺ. Őšąőř šăłĺţ ŕřőąŋżţ šőůěł ďń£ ňőďĺťĺłăűĺĺ ŕřőĺğćőďĺšś£ ś şůěšőň ğŋăůěŋĺľ űěńěćőľ ťşŋłűĺĺ ć ŋĺţ (ůěň ćżÿě ŕřĺśŕőśőąńěŋŋőśšĳ { šěň ąőńĳÿě ÿăŋśż šőůłĺ ŋă őšąőř ć łăůěśšćě "řőďĺšěńĳśłőľ" őśőąĺ).

Ććĺďş ŕřőśšőšż ăďăŕšăűĺĺ ćżůĺśńĺšěńĳŋżţ śţěň ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć ł řăğńĺůŋżň ğăďăůăň, ¡šĺ ňěšőďż ăłšĺćŋő ŕřĺňěŋ£¿šś£ łăł ć ďĺśłřěšŋőľ, šăł ĺ ć ŋěŕřěřżćŋőľ őŕšĺňĺğăűĺĺ. Ĺňěěšś£ ąőńĳÿőě ůĺśńő ¡łśŕěřĺňěŋšăńĳŋżţ řăąőš, śćĺďěšěńĳśšćş¿źĺţ ő ŕřĺňěŋĺňőśšĺ ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć ŕřĺ řěÿěŋĺĺ ğăďăů řăśŕőğŋăćăŋĺ£ őąřăğőć, ŕřěďśłăğăŋĺ£, ŕřőěłšĺřőćăŋĺ£ śńőęŋżţ śĺśšěň, śĺśšěň şŕřăćńěŋĺ£ ĺ š.ď. Ć šő ęě ćřěň£, šěőřěšĺůěśłĺě ĺśśńěďőćăŋĺ£ ŋě ŕőğćőń£¿š ŕőłă ŕőńŋőśšĳ¿ őąž£śŋĺšĳ ŕřĺůĺŋż şśŕěÿŋőčő (ĺńĺ ąěğşśŕěÿŋőčő ć ŋěłőšőřżţ śńşůă£ţ) ĺśŕőńĳğőćăŋĺ£ ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć. Őąğőřż šěőřěšĺůěśłĺţ řěğşńĳšăšőć, ŕőńşůěŋŋżţ ć ¡šőň ŋăŕřăćńěŋĺĺ, ňőčşš ążšĳ ŋăľďěŋż, ŋăŕřĺňěř, ć [6, 7, 8].

Űěńĳ ŋăśšő£źěľ řăąőšż śőśšőĺš ć őąőśŋőćăŋĺĺ ŋěłőšőřżţ ĺŋšşĺšĺćŋő £śŋżţ śćőľśšć ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć, łőšőřżě, šěň ŋě ňěŋěě, ďőńčőě ćřěň£ ŋě ĺňěńĺ śšřőčőľ ňăšěňăšĺůěśłőľ ťőřňşńĺřőćłĺ. Őśŋőćŋőľ ŕőńşůěŋŋżľ ğďěśĳ řěğşńĳšăš ŕőğćőń£ěš ćżďěńĺšĳ łńăśś ğăďăů, ŋă łőšőřżţ őďĺŋ ĺğ ŋăĺąőńěě ŕřőśšżţ ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć, őąőğŋăůăěňżľ ďăńěě ůěřěğ (1+1)-EA, £ćń£ěšś£ őŕšĺňăńĳŋőľ śšřăšěčĺěľ ŕőĺśłă. Ăńčőřĺšň (1+1)-EA £ćń£ěšś£ ŕřőśšěľÿĺň ćăřĺăŋšőň ¡ćőń¿űĺőŋŋőčő ăńčőřĺšňă, čďě ŕőŕşń£űĺ£ śőśšőĺš ĺğ őďŋőľ őśőąĺ ĺ ňőęěš řăśśňăšřĺćăšĳś£ łăł (1+1)- ¡ćőń¿űĺőŋŋă£ śšřăšěčĺ£ [3], ńőłăńĳŋżľ ăńčőřĺšň śńşůăľŋőčő ŕőĺśłă ś ŕěřěśůěšőň ŕřĺ ŋěşďăůŋőň ÿăčě [9], ĺńĺ łăł ůăśšŋżľ śńşůăľ ăńčőřĺšňă ĺňĺšăűĺĺ őšęĺčă ś ŋşńěćőľ šěňŕěřăšşřőľ (śň., ŋăŕřĺňěř, [10]). Ďăŋŋżľ řěğşńĳšăš ŕřěďśšăćń£ěš śőąőľ őąőąźěŋĺě ŕőńşůěŋŋőčő řăŋěě ć [11], čďě ŕřěďŕőńăčăńăśĳ ďĺśłřěšŋőśšĳ ňŋőęěśšćă ğŋăůěŋĺľ űěńěćőľ ťşŋłűĺĺ.

2 Ŕőśšăŋőćłă ğăďăůĺ

Ŕşśšĳ ğăďăůă őŕšĺňĺğăűĺĺ śőśšőĺš ć ňăłśĺňĺğăűĺĺ (ĺńĺ ňĺŋĺňĺğăűĺĺ) űěńěćőľ ťşŋłűĺĺ f : X → R, čďě X { ňŋőęěśšćő ďőŕşśšĺňżţ řěÿěŋĺľ ĺ R { ňŋőęěśšćő ďěľśšćĺšěńĳŋżţ ůĺśěń. Ďăńěě ć ¡šőľ řăąőšě ąşďěň ŕőńăčăšĳ, ůšő űěńěćă£ ťşŋłűĺ£ őčřăŋĺůěŋă, ĺ řăśśňăšřĺćăěšś£ ğăďăůă ňăłśĺňĺğăűĺĺ (ŋă ğăďăůĺ ňĺŋĺňĺğăűĺĺ ćśě ŕőśńěďş¿źĺě řăśśşęďěŋĺ£ ŕěřěŋőś£šś£ őůěćĺďŋżň őąřăğőň ćżůĺšăŋĺěň űěńěćőľ ťşŋłűĺĺ ĺğ ďőśšăšőůŋő ąőńĳÿőľ łőŋśšăŋšż).

Őŕĺÿěň śţěňş řăśśňăšřĺćăěňőčő ğďěśĳ ăńčőřĺšňă (1+1)-EA. Ŕřěďŕőńăčăěšś£, ůšő ŋăůăńĳŋőě řěÿěŋĺě x^{(0)} ğăďăŋő. Ďń£ ŕőśšřőěŋĺ£ ŋőćőčő řěÿěŋĺ£ ł šěłşźěňş x^{(t)} ŕřĺňěŋ£ěň ćěřő£šŋőśšŋş¿ ŕřőűěďşřş ňşšăűĺĺ x^′ = M(x^{(t)}); řěğşńĳšăš łőšőřőľ śńşůăľŋżň őąřăğőň řăśŕřěďěńěŋ ŋă ňŋőęěśšćě X, ĺ ŕőńăčăěň x^{(t+1)} = x^′, ěśńĺ f(x^{(t)}) < f(x^′), ĺŋăůě x^{(t+1)} = x^{(t)}. Ăńčőřĺšň ğăłăŋůĺćăěš řăąőšş ŕřĺ ďőśšĺęěŋĺĺ ğăďăŋŋőčő łőńĺůěśšćă ĺšěřăűĺľ ĺńĺ ŕő łăłőňş-ńĺąő ďřşčőňş łřĺšěřĺ¿ őśšăŋőćłĺ.

Őŕěřăšőř ňşšăűĺĺ ğďěśĳ ŕőŋĺňăěšś£, łăł ćěřő£šŋőśšŋżľ ăńčőřĺšň (śň., ŋăŕřĺňěř, [12]), łőšőřżľ ŕřĺŋĺňăěš ŋă ćţőď řőďĺšěńĳśłőě řěÿěŋĺě x ĺ śńşůăľŋżň őąřăğőň ŕřőĺğćőďĺš ŕőšőňłă M(x) ∈ X. Ŕřĺ ¡šőň ćěřő£šŋőśšŋőě řăśŕřěďěńěŋĺě ŕőšőňłă ğăćĺśĺš őš ćţőďŋőčő řěÿěŋĺ£ ĺ ďăŋŋżţ ğăďăůĺ (ňőęŋő śůĺšăšĳ, ůšő ďăŋŋżě ğăďăůĺ šăłęě ŕőďă¿šś£ ŋă ćţőď őŕěřăšőřă ňşšăűĺĺ).

Šăłęě ŋăś ąşďěš ĺŋšěřěśőćăšĳ őąőąźěŋŋżľ ćăřĺăŋš ňşšăűĺĺ ś ŕřőĺğćőńĳŋżň ůĺśńőň řőďĺšěńěľ ĺ ŕőšőňłőć { őŕěřăšőř ćőśŕřőĺğćěďěŋĺ£, őŕřěďěńěŋĺě łőšőřőčő ąşďěš ďăŋő ć śńěďş¿źěň řăğďěńě.

Őďŋĺň ĺğ ŋăĺąőńěě ůăśšő ĺśŕőńĳğşěňżţ őŕěřăšőřőć ňşšăűĺĺ ć śńşůăě X = {0; 1}^n £ćń£ěšś£, šăł ŋăğżćăěňă£, śšăŋďăřšŋă£ ňşšăűĺ£ [1], łőšőřă£ ŕřĺňěŋ£ěšś£ ł ąĺŋăřŋżň śšřőłăň, ĺ ŕőď ěě ďěľśšćĺěň łăęďżľ ąĺš śšřőłĺ ŋěğăćĺśĺňő őš ďřşčĺţ ňěŋ£ěš śćőě ğŋăůěŋĺě ś ťĺłśĺřőćăŋŋőľ ćěřő£šŋőśšĳ¿ p_M. Ďřşčőľ ŕřĺňěř { őŕěřăšőř šőůěůŋőľ ňşšăűĺĺ, ć łőšőřőň ś řăćŋőňěřŋżň řăśŕřěďěńěŋĺěň ćżąĺřăěšś£ ŋőňěř i ĺ i-£ łőňŕőŋěŋšă řěÿěŋĺ£ ğăňěŋ£ěšś£ ŋőćżň ğŋăůěŋĺěň (śň., ŋăŕřĺňěř, [13]). Ć őąźěň śńşůăě, ć ğăćĺśĺňőśšĺ őš śćőľśšć řěÿăěňőľ ğăďăůĺ, őŕěřăšőř ňşšăűĺĺ (ćőśŕřőĺğćěďěŋĺ£) ňőęěš ćłń¿ůăšĳ ć śěą£ ŋěłőšőřżě ďőŕőńŋĺšěńĳŋżě ŕřőűěďşřż, ŋăŕřĺňěř "ĺśŕřăćńěŋĺě" ŋěďőŕşśšĺňőčő řěÿěŋĺ£, ĺńĺ łőřřěłšĺřőćłş ňěšőďőň ńőłăńĳŋőľ őŕšĺňĺğăűĺĺ (śň., ŋăŕřĺňěř, [2, 14]). Śńěďş¿źěě őŕřěďěńěŋĺě őŕĺśżćăěš śĺšşăűĺ¿, łőčďă ćżąőř ąőńěě ŕřĺśŕőśőąńěŋŋőľ řőďĺšěńĳśłőľ őśőąĺ čăřăŋšĺřşěš ŋěşążćăŋĺě ÿăŋśőć ŕőńşůěŋĺ£ ŕőšőňłőć ś ďőśšăšőůŋő ćżśőłőľ ŕřĺśŕőśőąńěŋŋőśšĳ¿.

Ő ŕ ř ě ď ě ń ě ŋ ĺ ě 1. Ąşďěň ŋăğżćăšĳ őŕěřăšőř M ňőŋőšőŋŋżň, ěśńĺ ďń£ ń¿ążţ őśőąěľ x; y šăłĺţ, ůšő f(x) ≤ f(y), ďń£ ćśěţ ffi ∈ R ćżŕőńŋ£ěšś£:

P {f(M(x)) ≥ ffi} ≤ P {f(M(y)) ≥ ffi}:

Řăśśňőšřĺň ŕřőśšěľÿĺľ ŕřĺňěř ňőŋőšőŋŋőčő őŕěřăšőřă ňşšăűĺĺ. Ŕşśšĳ ğăďăůă śőśšőĺš ć ňăłśĺňĺğăűĺĺ ůĺśńă ěďĺŋĺű ć ąşńěćőľ śšřőłě ąěğ łăłĺţ-ńĺąő őčřăŋĺůěŋĺľ, š.ě. f(x) = x_1 + ::: + x_n ĺ X = {0; 1}^n. Šőčďă śšăŋďăřšŋżľ őŕěřăšőř ňşšăűĺĺ ŕřĺ p_M ≤ 1=2 £ćń£ěšś£ ňőŋőšőŋŋżň [15]. Ďřşčőľ ŕřĺňěř ňőŋőšőŋŋőśšĺ ĺňěěň ć ğăďăůě ňăłśĺňĺğăűĺĺ ťşŋłűĺĺ e^{−||x||}, x ∈ X = R^n, ěśńĺ řěğşńĳšăš ŋă ćżţőďě őŕěřăšőřă ňşšăűĺĺ M(x) řăśŕřěďěńěŋ ŋőřňăńĳŋő ś ňăšěňăšĺůěśłĺň őęĺďăŋĺěň x ĺ ňăšřĺűěľ łőćăřĺăűĺľ P = ffI, čďě ff ∈ R_+ ĺ I - ěďĺŋĺůŋă£ ňăšřĺűă.

Ć śńşůăě ňőŋőšőŋŋőčő őŕěřăšőřă ňşšăűĺĺ, ć ůăśšŋőśšĺ, ďőśšĺčă¿šś£ ŕőńşůěŋŋżě řăŋěě őűěŋłĺ ďń£ ďőńĺ řěÿěŋĺľ ğăďăŋŋőčő łăůěśšćă ć ŕőŕşń£űĺĺ čěŋěšĺůěśłőčő ăńčőřĺšňă, őśŋőćăŋŋőčő ŋă őŕěřăšőřăţ ňşšăűĺĺ ĺ śěńěłűĺĺ [15]. Šăłęě, ć řăćěŋśšćă őąřăźă¿šś£ őűěŋłĺ [11] ňăšěňăšĺůěśłőčő őęĺďăŋĺ£ ćřěňěŋĺ ďőśšĺęěŋĺ£ őŕšĺňşňă ĺ ćěřő£šŋőśšĺ ŕőńşůěŋĺ£ řěÿěŋĺľ šřěąşěňőčő łăůěśšćă ŕőśńě ğăďăŋŋőčő ůĺśńă ĺšěřăűĺľ ć (1+1)-EA.

3 Śřăćŋěŋĺě ăńčőřĺšňă (1+1)-EA ś ďřşčĺňĺ ¡ćőń¿űĺőŋŋżňĺ ăńčőřĺšňăňĺ

Őŕřěďěńĺň őŕěřăšőř ćőśŕřőĺğćěďěŋĺ£ R(x^1; :::; x^r) łăł ćěřő£šŋőśšŋżľ ăńčőřĺšň, łőšőřżľ ŕőńşůăěš ŋă ćţőď r řőďĺšěńĳśłĺţ řěÿěŋĺľ ĺ śńşůăľŋżň őąřăğőň śšřőĺš s řěÿěŋĺľ-ŕőšőňłőć, řăśŕřěďěńěŋĺě łőšőřżţ ğăćĺśĺš őš ćţőďŋżţ řěÿěŋĺľ ĺ ďăŋŋżţ ğăďăůĺ.

Řăśśňőšřĺň őąźş¿ śţěňş ¡ćőń¿űĺőŋŋőčő ăńčőřĺšňă A, őśŋőćăŋŋőčő ŋă őŕěřăšőřě R. Ďăŋő ňŋőęěśšćő ŋăůăńĳŋżţ řěÿěŋĺľ a^{(0,1)}; :::; a^{(0,N)}, ĺ ŋă łăęďőľ ĺšěřăűĺĺ t ŋăąőř řěÿěŋĺľ a^{(t,1)}; :::; a^{(t,s)} śšřőĺšś£ ŕřĺňěŋěŋĺěň R(x^1; :::; x^r), čďě łăęďőě x^k ∈ X; k = 1; :::; r ŋăľďěŋő ŋă łăłőň-šő ĺğ ŕřěďżďşźĺţ ÿăčőć. Ĺŋăůě čőćőř£ x^k ∈ A^{(t−1)}, čďě A^{(t−1)} = {a^{(0,l)} : l = 1:::; N} ∪ {a^{(τ,j)} : fi = 1; :::; t − 1; j = 1; :::; s}. Ńěčłő ŕőłăğăšĳ, ůšő ąőńĳÿĺŋśšćő ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć, šăłĺţ łăł čěŋěšĺůěśłĺě ăńčőřĺšňż [1], ňěšőďż čěŋěšĺůěśłőčő ŕřőčřăňňĺřőćăŋĺ£ [4], ¡ćőń¿űĺőŋŋżě śšřăšěčĺĺ (—; –)-ES ĺ (— + –)-ES [3], ăńčőřĺšňż, ŕřěďńőęěŋŋżě ć [16], şďőćńěšćőř£¿š ¡šőľ śţěňě.

Řăśśňőšřĺň őąőąźěŋĺě ŕőŋ£šĺ£ ňőŋőšőŋŋőśšĺ ŋă śńşůăľ őŕěřăšőřă ćőśŕřőĺğćěďěŋĺ£. Ŕşśšĳ śńşůăľŋőě řěÿěŋĺě R_{max}(x^1; :::; x^r) ŕřěďśšăćń£ěš śőąőľ ńşůÿĺľ ĺğ s ŕőšőňłőć, ŕőńşůěŋŋżţ ŕřĺňěŋěŋĺěň R ł ŋăąőřş x^1; :::; x^r.

Ő ŕ ř ě ď ě ń ě ŋ ĺ ě 2. Őŕěřăšőř R ŋăğżćăěšś£ ňőŋőšőŋŋżň, ěśńĺ ďń£ ń¿ążţ ŋăąőřőć řěÿěŋĺľ x^1; :::; x^r ĺ y^1; :::; y^r šăłĺţ, ůšő

f(x^1) ≤ f(y^1); :::; f(x^r) ≤ f(y^r); (3.1)

śńěďş¿źěě şśńőćĺě ćżŕőńŋ£ěšś£ ďń£ ćśěţ ffi ∈ R:

P^{f(R_{max}(x^1; :::; x^r)) ≥ ffi^} ≤ P^{f(R_{max}(y^1; :::; y^r)) ≥ ffi^} : (3.2)

Ğăňěšĺň, ůšő ĺğ ¡šőčő őŕřěďěńěŋĺ£ śńěďşěš, ůšő ěśńĺ ćśě şśńőćĺ£ (3.1) ćżŕőńŋěŋż łăł řăćěŋśšćă, šő řăśŕřěďěńěŋĺ£ śńşůăľŋżţ ćěńĺůĺŋ f(R_{max}(x^1; :::; x^r)) ĺ f(R_{max}(y^1; :::; y^r)) ďőńęŋż śőćŕăďăšĳ. Őůěćĺďŋő, ůšő ňőŋőšőŋŋżľ őŕěřăšőř ňşšăűĺĺ { ůăśšŋżľ śńşůăľ ňőŋőšőŋŋőčő őŕěřăšőřă ćőśŕřőĺğćěďěŋĺ£ ŕřĺ r = s = 1.

Śŋőćă řăśśňőšřĺň ďń£ ŕřĺňěřă ŕřőśšěľÿş¿ ğăďăůş ňăłśĺňĺğăűĺĺ ůĺśńă ěďĺŋĺű ć ąşńěćőľ śšřőłě ďńĺŋż n. Őŕřěďěńĺň őŕěřăšőř ćőśŕřőĺğćěďěŋĺ£ R(x; y) śńěďş¿źĺň őąřăğőň. Śŋăůăńă ćżŕőńŋ£ěšś£ śńşůăľŋă£ ŕěřěśšăŋőćłă ¡ńěňěŋšőć ćěłšőřőć x ĺ y, ă ĺňěŋŋő, čěŋěřĺřş¿šś£ ćěłšőřż x^′ = (x_{σ(1)}; :::; x_{σ(n)}) ĺ y^′ = (y_{σ̂(1)}; :::; y_{σ̂(n)}), čďě ŕěřěśšăŋőćłĺ ff ĺ ^ff ćżąĺřă¿šś£ ŋěğăćĺśĺňő ś řăćŋőňěřŋżň řăśŕřěďěńěŋĺěň. Ğăšěň ďćă ŕőšőňłă x^{′′} ĺ y^{′′} śšřő£šś£ ŕřĺňěŋěŋĺěň, šăł ŋăğżćăěňőčő, řăćŋőňěřŋőčő łřőśśĺŋčőćěřă (śň., ŋăŕřĺňěř, [2]), ŕřĺ łőšőřőň ďń£ łăęďőčő i ś ćěřő£šŋőśšĳ¿ 1/2 ŕőńăčăěň x^{′′}_i := x^′_i; y^{′′}_i := y^′_i, ĺŋăůě ŕőńăčăěň x^{′′}_i := y^′_i; y^{′′}_i := x^′_i. Ŋěšřşďŋő ŕőłăğăšĳ, ůšő šăłőľ őŕěřăšőř ćőśŕřőĺğćěďěŋĺ£ £ćń£ěšś£ ňőŋőšőŋŋżň.

Şśńőćĺě ňőŋőšőŋŋőśšĺ ňőęěš ążšĳ őśńăąńěŋő śńěďş¿źĺň őąřăğőň: ŋăğőćěň R śńăąő ňőŋőšőŋŋżň, ěśńĺ ŋěřăćěŋśšćő (3.2) ćżŕőńŋ£ěšś£ ţőš£ ąż ďń£ ćśěţ ffi > max{f(y^k) : k = 1; :::; r}.

Ďń£ ŕřĺňěřă řăśśňőšřĺň śěňěľśšćő ğăďăů ő ŋăĺňěŋĳÿěň ŕőłřżšĺĺ ňŋőęěśšćă śŕěűĺăńĳŋőľ śšřşłšşřż, ŕřěďńőęěŋŋőě Ąăńăÿěň [17]. Ć őąźěň ćĺďě ğăďăůă ő ŋăĺňěŋĳÿěň ŕőłřżšĺĺ ňŋőęěśšćă ťőřňşńĺřşěšś£ śńěďş¿źĺň őąřăğőň: ďăŋő ňŋőęěśšćő M = {1; :::; m} ĺ ŋăąőř ěčő ŕőďňŋőęěśšć M_j ⊆ M, j ∈ N = {1; : : : ; n}. Ŕőďňŋőęěśšćő ĺŋďěłśőć J ⊆ N ŋăğżćăěšś£ ŕőłřżšĺěň, ěśńĺ U_{j∈J} M_j = M: Šřěąşěšś£ ŋăľšĺ ŕőłřżšĺě ŋăĺňěŋĳÿěľ ňőźŋőśšĺ.

Ććěďěň őąőğŋăůěŋĺě N_i = {j ∈ N : i ∈ M_j }, i = 1; :::; m. Ć śěňěľśšćě ğăďăů Ąăńăÿă B(n; p) ŕřěďŕőńăčăěšś£, ůšő m = C^{p−1}_n ĺ ňŋőęěśšćő {N_1; N_2; :::; N_m} śőśšőĺš ĺğ ćśěţ n − p + 1-¡ńěňěŋšŋżţ ŕőďňŋőęěśšć N. Šőčďă J ⊆ N { őŕšĺňăńĳŋő, ěśńĺ ĺ šőńĳłő ěśńĺ |J| = p.

Ŕşśšĳ řěÿěŋĺ£ ŕřěďśšăćńěŋż ąĺŋăřŋżňĺ śšřőłăňĺ, š.ě. x ∈ {0; 1}^n śőőšćěšśšćşěš ňŋőęěśšćş C(x) = {j ∈ N : x_j = 1} ⊆ N. Ěśńĺ C(x) őłăğżćăěšś£ ŕőłřżšĺěň, šő ŕőńăčăěň f(x) = n − |Ś(x)|, ĺŋăůě f(x) = 0 (š.ő. ŕěřěţőďĺň ł ğăďăůě ňăłśĺňĺğăűĺĺ). Ŋěšřşďŋő ŕőłăğăšĳ, ůšő šőůěůŋżľ őŕěřăšőř ňşšăűĺĺ ć ¡šőň śńşůăě ąşďěš śńăąő ňőŋőšőŋŋżň [11].

Őŕěřăšőřş R śőŕőśšăćĺň őŕěřăšőř ňşšăűĺĺ M_R(x), ďěľśšćş¿źĺľ śńěďş¿źĺň őąřăğőň: śŋăůăńă őŕěřăšőř R ŕřĺňěŋ£ěšś£ ł ŋăąőřş, śőśšő£źěňş ĺğ r łőŕĺľ řěÿěŋĺ£ x, ĺ ć łăůěśšćě řěğşńĳšăšă ćżďăěšś£ x^′ = R_{max}(x; :::; x), ěśńĺ f(x^′) ≥ f(x). Ĺŋăůě ŕőńăčăěň M_R(x) = x. Őůěćĺďŋő, ůšő ěśńĺ R £ćń£ěšś£ ňőŋőšőŋŋżň šő ĺ M_R šőęě. Ďń£ ňőŋőšőŋŋőčő őŕěřăšőřă R ććěďěň ťşŋłűĺ¿ ˘_R( ; z) = P {f(M_R(x)) ≥ }, čďě x - ŋěłőšőřőě řěÿěŋĺě šăłőě, ůšő f(x) = z. Ąńăčőďăř£ ňőŋőšőŋŋőśšĺ M_R ¡šă ťşŋłűĺ£ ŋě ğăćĺśĺš őš ćżąőřă łőŋłřěšŋőčő řěÿěŋĺ£ x (śň. ğăňěůăŋĺě ŕőśńě őŕřěďěńěŋĺ£ 2) ĺ £ćń£ěšś£ ŋěşążćă¿źěľ ŕő z. Ć őąźěň śńşůăě ˘_R( ; z) ňőęěš ŋě £ćń£šĳś£ ŋěŕřěřżćŋőľ,^1 ďăńěě ąşďěň ŕřěďŕőńăčăšĳ, ůšő ŕřĺ łăęďőň ůĺśńő šőůěł řăğřżćă ˘_R( ; z) łăł ťşŋłűĺĺ őš z ŋě ąőńěě ůěň łőŋěůŋő. Ďń£ šěţ ğŋăůěŋĺľ z, ŕřĺ łőšőřżţ ŋě śşźěśšćşěš šăłőčő x, ůšő f(x) = z, ťşŋłűĺ£ ˘_R( ; z) ďőőŕřěďěń£ěšś£ šăł, ůšőąż őŋă őśšăćăńăśĳ ňőŋőšőŋŋőľ ŕő z ŕřĺ łăęďőň , ŋăŕřĺňěř, ˘_R( ; z) = inf{˘_R( ; z^′) | z^′ > z; ∃x : f(x) = z^′}, ĺ ˘_R( ; z) = 1 ŕřĺ z ≥ sup_X f.

Őąőğŋăůĺň ůěřěğ ~a^{(t)} ńşůÿěě řěÿěŋĺě ĺğ ňŋőęěśšćă A^{(t)} (šăłęě ŋăŕőňŋĺň, ůšő ůěřěğ x^{(t)} őąőğŋăůăěšś£ šěłşźěě řěÿěŋĺě ŋă ĺšěřăűĺĺ t ăńčőřĺšňă (1+1)-EA). Śťőřňşńĺřşěň őśŋőćŋőľ řěğşńĳšăš ďăŋŋőľ řăąőšż:

Š ě ő ř ě ň ă 1. Ŕşśšĳ ňőŋőšőŋŋżľ őŕěřăšőř R ĺśŕőńĳğşěšś£ ć ăńčőřĺšňě A, śőőšćěšśšćş¿źĺľ ěňş őŕěřăšőř M_R ŕřĺňěŋ£ěšś£ ć ăńčőřĺšňě (1+1)-EA, ĺ ˘_R( ; z) ŕřĺ łăęďőň ĺňěěš łőŋěůŋőě ůĺśńő šőůěł řăğřżćă łăł ťşŋłűĺ£ őš z. Ěśńĺ ć (1+1)-EA ğă ŋăůăńĳŋőě řěÿěŋĺě ŕřĺŋ£šő x^{(0)} ∈ argmax{f(a^{(0,1)}); :::; f(a^{(0,N )})}, šő ďń£ ćśěţ t ≥ 0 ĺ ćśěţ ffi ∈ R

P {f(~a^{(t)}) ≥ ffi} ≤ P {f(x^{(t)}) ≥ ffi}: (3.3)

Ńěčłő ŕőłăğăšĳ, ůšő M_R őśšăěšś£ ňőŋőšőŋŋżň, ďăęě ěśńĺ R { śńăąő ňőŋőšőŋŋżľ, őšłşďă ćżšěłăěš śńěďş¿źěě şšćěřęďěŋĺě:

Ś ń ě ď ś š ć ĺ ě 1. Şśńőćĺě ňőŋőšőŋŋőśšĺ R ć šěőřěňě 1 ňőęěš ążšĳ ğăňěŋěŋő şśńőćĺěň śńăąőľ ňőŋőšőŋŋőśšĺ.

4 Ğăłń¿ůěŋĺě

Ćőŕřőś ő šőň łăłőľ ĺğ ăńčőřĺšňőć ŕřěďŕőůšĺšěńĳŋěě ďń£ ŋěłőšőřőčő łńăśśă ğăďăů, £ćń£ěšś£ őďŋĺň ĺğ łń¿ůěćżţ ć šěőřĺĺ śńşůăľŋőčő ŕőĺśłă. Ć ďăŋŋőľ řăąőšě řăśśňőšřěŋ łńăśś ¡ćőń¿űĺőŋŋżţ ăńčőřĺšňőć ć śĺšşăűĺĺ, łőčďă őŕěřăšőř ćőśŕřőĺğćěďěŋĺ£ őąńăďăěš śćőľśšćőň ňőŋőšőŋŋőśšĺ. Őśŋőćŋőľ řěğşńĳšăš ŕőłăğżćăěš, ůšő ć ¡šĺţ şśńőćĺ£ţ ăńčőřĺšň (1+1)-EA £ćń£ěšś£ ŋăĺńşůÿěľ śšřăšěčĺěľ ŕőĺśłă.

1Řăśśňőšřĺň šřĺćĺăńĳŋżľ ŕřĺňěř ňăłśĺňĺğăűĺĺ ťşŋłűĺĺ f(x) = x ŋă őšřěğłě [0, 1]. Ŕşśšĳ

R(x) = 1/2, ŕřĺ x < 1/2, ĺ R(x) = 1, ŕřĺ x ˘ 1/2. Šőčďă ťşŋłűĺ£ ˘R(1, z) £ćń£ěšś£ śšşŕěŋůăšőľ ś

řăğřżćőň ć šőůłě z = 1/2.

Şśšăŋőćńěŋő, ůšő śćőľśšćő ňőŋőšőŋŋőśšĺ ĺňěěš ňěśšő ŕřĺ řěÿěŋĺĺ ř£ďă ňőďěńĳŋżţ ğăďăů. Ğăňěšĺň, ůšő ţőš£ ¡šĺ ğăďăůĺ ŋě ŕřěďśšăćń£¿š śăňőśšő£šěńĳŋőľ ŕřăłšĺůěśłőľ űěŋŋőśšĺ, šěň ŋě ňěŋěě, ŋěłőšőřżě ĺğ ŋĺţ ĺśŕőńĳğş¿šś£ ć šěőřěšĺůěśłőň ăŋăńĺğě ăńčőřĺšňőć ňŋőčĺňĺ ăćšőřăňĺ (śň., ŋăŕřĺňěř, [11, 13, 15, 17]).

Ŕřĺ řěÿěŋĺĺ ŕřăłšĺůěśłĺţ ğăďăů, šőůŋőě ćżŕőńŋěŋĺě şśńőćĺ£ ňőŋőšőŋŋőśšĺ ŕřěďśšăćń£ěšś£ ňăńőćěřő£šŋżň, őďŋăłő, ć ř£ďě śńşůăć őŕěřăšőřż ćőśŕřőĺğćěďěŋĺ£ ňőęŋő śůĺšăšĳ ňőŋőšőŋŋżňĺ ńĺÿĳ ś ŋěąőńĳÿĺň őšłńőŋěŋĺěň. Řěğşńĳšăš šăłőčő řőďă ążń ŕőńşůěŋ ć řăąőšě [18], čďě řăśśňăšřĺćăńőśĳ őďŋő śěňěľśšćő ğăďăů ő ŋăĺąőńĳÿěň ŋěğăćĺśĺňőň ňŋőęěśšćě čřăťă. Ŕřěďśšăćńěŋŋżľ šăň ęě ćżůĺśńĺšěńĳŋżľ ¡łśŕěřĺňěŋš ŕőłăğăń şąěďĺšěńĳŋőě ŕřěĺňşźěśšćő ăńčőřĺšňă (1+1)-EA ŋăď śšăŋďăřšŋżň čěŋěšĺůěśłĺň ăńčőřĺšňőň, ć şśńőćĺ£ţ, łőčďă śćőľśšćő ňőŋőšőŋŋőśšĺ ŋăřşÿěŋő ŋěğŋăůĺšěńĳŋő. Ć ść£ğĺ ś ¡šĺň, ňőęŋő ŕřěďŕőńőęĺšĳ, ůšő ďăńĳŋěľÿĺň řăğćĺšĺěň ďăŋŋőčő ĺśśńěďőćăŋĺ£ ąşďěš ťőřňşńĺřőćłă ĺ ĺğşůěŋĺě ŕőŋ£šĺ£ ňőŋőšőŋŋőśšĺ ć ŕřĺąńĺęěŋŋőň śňżśńě.

Ń ě ň ň ă 1. Ŕşśšĳ őŕěřăšőř M_R { ňőŋőšőŋŋżľ, ĺ ˘_R( ; z) ŕřĺ łăęďőň ĺňěěš łőŋěůŋőě ůĺśńő šőůěł řăğřżćă łăł ťşŋłűĺ£ őš z. Ěśńĺ x ĺ y { śńşůăľŋżě řěÿěŋĺ£ šăłĺě, ůšő ďń£ ćśěţ ffi ∈ R ćżŕőńŋěŋő P {f(x) ≥ ffi} ≤ P {f(y) ≥ ffi}, šőčďă ďń£ ćśěţ ∈ R P {f(M_R(x)) ≥ } ≤ P {f(M_R(y)) ≥ }:

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő ń ě ň ň ż 1.

Ďń£ śńşůăľŋőčő řěÿěŋĺ£ x őąőğŋăůĺň ůěřěğ F_x(z) = P {f(x) < z} ťşŋłűĺ¿ řăśŕřěďěńěŋĺ£ ćěńĺůĺŋż f(x), ăŋăńőčĺůŋő ććěďěň F_y(z). Ğăťĺłśĺřşěň ŕřőĺğćőńĳŋőě . Ŕşśšĳ a = inf_X f ĺ b = sup_X f + 1. Ŕő ťőřňşńě ŕőńŋőľ ćěřő£šŋőśšĺ ŕőńşůăěň:

P {f(M_R(x)) ≥ } = ∫ [a,b) P {f(M_R(x)) ≥ |f(x) = z}dF_x(z) = ∫ [a,b) ˘_R( ; z)dF_x(z);

čďě ĺŋšěčřăń ŕőŋĺňăěšś£ ć śňżśńě Ńěąěčă-Śšĺńšĳěśă. Řăğőąĳěň ňŋőęěśšćő [a; b) śěňěľśšćőň ˝ ŕőńşĺŋšěřćăńőć [a_i; b_i); i = 1; :::; k šăł, ůšő a_1 = a; b_k = b; b_i = a_{i+1}; i = 1; :::; k − 1, ĺ ůšőąż łăęďă£ šőůłă řăğřżćă z^′ ťşŋłűĺĺ ˘_R( ; z) £ćń£ńăśĳ łőŋűőň őďŋőčő ĺğ ŕőńşĺŋšěřćăńőć, š.ě. śşźěśšćşěš šăłőě i, ůšő z^′ = a_i (ŕřěďŕőńăčăěšś£, ůšő k ďőśšăšőůŋő ćěńĺłő). Őŕřěďěńĺň śšşŕěŋůăšş¿ ťşŋłűĺ¿ G_Π(z) řăćŋş¿ ˘_R( ; a_i), ěśńĺ z ∈ [a_i; b_i). Ŕşśšĳ a_i → b_i; i = 1; :::; k ŕřĺ k → ∞. Őůěćĺďŋő, G_Π(z) ňőŋőšőŋŋă, ĺ G_Π(z) ↑ ˘_R( ; z) ŕřĺ k → ∞. Šőčďă ∫ [a,b) G_Π(z)dF_x(z) =^{n∑}_{i=1} G_Π(a_i)(F_x(b_i) − F_x(a_i)) =

G_Π(a_n)F_x(b_n) − G_Π(a_1)F_x(a_1) −^{n∑}_{i=2}(G_Π(a_i) − G_Π(a_{i−1}))F_x(a_i):

Ććĺďş šőčő, ůšő G_Π(a_{i+1}) − G_Π(a_i) ≥ 0 ĺ F_x(a_i) ≥ F_y(a_i), ŕőńşůăěň: ∫ [a,b) G_Π(z)dF_x(z) ≤ ∫ [a,b) G_Π(z)dF_y(z);

őšłşďă şšćěřęďěŋĺě ńěňňż śńěďşěš ć śĺńş šěőřěňż Ńěąěčă ő ŕřěďěńĳŋőň ŕěřěţőďě ŕőď ğŋăłőň ĺŋšěčřăńă.

Ď ő ł ă ğ ă š ě ń ĳ ś š ć ő š ě ő ř ě ň ż 1.

Ďń£ t = 0 ŋěřăćěŋśšćő (3.3) őůěćĺďŋő. Ŕő ĺŋďşłűĺĺ ŕő t ŕřěďŕőńőęĺň, ůšő P {f(~a^{(t−1)}) ≥ } ≤ P {f(~x^{(t−1)}) ≥ } ďń£ ćśěţ . Ŕşśšĳ ŋă ĺšěřăűĺĺ t ăńčőřĺšňă Ă őŕěřăšőř R ŕřĺňěŋ£ěšś£ ł ŋăąőřş x^1; :::; x^r ĺ a^{(t)} = R_{max}(x^1; :::; x^r). Šőčďă ~a^{(t)} ∈ argmax{f(a^{(t)}); f(~a^{(t−1)})}, őšłşďă śńěďşěš, ůšő

P {f(~a^{(t)}) ≥ ffi} = P {f(~a^{(t−1)}) ≥ ffi} + P {f(a^{(t)}) ≥ ffi; f(~a^{(t−1)}) < ffi}: (Ŕ.1) Ćšőřőě śńăčăěňőě ňőęěš ążšĳ ŕřěďśšăćńěŋő ć ćĺďě: P {f(a^{(t)}) ≥ ffi; f(~a^{(t−1)}) < ffi} = ∫ [infX f,ϕ)

P {f(a^{(t)}) ≥ ffi|f(~a^{(t−1)}) = z}dF_ã(t�1) (z): (Ŕ.2) Ŕřĺňěŋĺň őŕěřăšőř M_R ł řěÿěŋĺ¿ ~a^{(t−1)} ĺ ćżůĺśńĺň ăŋăńőčĺůŋżň őąřăğőň ćěřő- £šŋőśšĳ P {f(M_R(~a^{(t−1)})) ≥ ffi)}.

P {f(M_R(~a^{(t−1)})) ≥ ffi)} = (Ŕ.3) = P {f(~a^{(t−1)}) ≥ ffi} + ∫ [infX f,ϕ)

P {f(M_R(~a^{(t−1)})) ≥ ffi|f(~a^{(t−1)}) = z}dF_ã(t�1) (z):

Ďăńěě, ğăňěšĺň, ůšő ĺğ ňőŋőšőŋŋőśšĺ R ĺ őŕřěďěńěŋĺ£ M_R śńěďşěš ŋěřăćěŋśšćő P {f(a^{(t)}) ≥ ffi|f(~a^{(t−1)}) = z} ≤ P {f(M_R(~a^{(t−1)})) ≥ ffi|f(~a^{(t−1)}) = z};

ŕőďśšăćĺć łőšőřőě ć (Ŕ.1) ĺ (Ŕ.3) ś ĺśŕőńĳğőćăŋĺěň (Ŕ.2), ŕőńşůăěň: P {f(~a^{(t)}) ≥ ffi} ≤ P {f(M_R(~a^{(t−1)})) ≥ ffi)}:

Ĺśŕőńĳğş£ ŕřěďŕőńőęěŋĺě ĺŋďşłűĺĺ ĺ şšćěřęďěŋĺě ńěňňż 1, ğăłń¿ůăěň, ůšő P {f(M_R(~a^{(t−1)})) ≥ ffi)} ≤ P {f(M_R(x^{(t−1)})) ≥ ffi)}:

ŚŔĹŚŐŁ ŃĹŠĚŘĂŠŞŘŻ

1. Goldberg D.E. Genetic Algorithms in Search, Optimization and Machine Learning.

Reading: Addison Wesley. 1989.

2. Reeves C.R. Genetic Algorithms for the Operations Researcher // INFORMS Journal on Computing. 1997. V. 9. No. 3. P. 231-250.

3. Rechenberg I. Evolutionsstrategie: Optimerung Technischer Systeme nach Prinzipen der Biologischen Evolution. Stuttgart: Formann-Holzboog Verlag. 1973.

4. Koza J.R. Genetic Programming II : Automatic Discovery of Reusable Programs (Complex Adaptive Systems). MIT Press. 1994.

5. Darvin Ch. On the Origin of Spicies. London: Cloves and Sons. 1860.

6. H.-G. Beyer. The Theory of Evolution Strategies. Natural computing series. Springer, Heidelberg. 2001.

7. Reeves C.R., Rowe J.E. Genetic Algorithms: Principles and Perspectives. Norwell, MA: Kluwer. 2002.

8. Vose M.D. The Simple Genetic Algorithm: Foundations and Theory. Cambridge, MA:

MIT Press. 1999.

9. Řăśšřĺčĺŋ Ń.Ă. Śšăšĺśšĺůěśłĺě ňěšőďż ŕőĺśłă. Ň.: Ŋăşłă. 1968.

10. Johnson D.S., Aragon C.R., McGeoch L.A., Schevon C. Optimization by Simulated Annealing: an Experimental Evaluation; part I, graph partitioning // Oper. Res. 1989. V. 37. No. 6. P. 865{892.

11. Borisovsky P.A., Eremeev A.V. A Study on Performance of the (1+1)-Evolutionary Algorithm // In K. De Jong, R. Poli, and J. Rowe, eds. Foundations of Genetic Algorithms 7. San Francisco: Morgan Kaufmann. 2003. P. 271{287.

12. Motwani R., Raghavan P. Randomized Algorithms. Cambridge University Press.

1995.

13. Rudolph G. Finite Markov Chain Results in Evolutionary Computation: A Tour d’Horizon // Fundamenta Informaticae. 1998. V. 35. No. 1-4. P. 67{89.

14. Ěřěňěěć Ă.Ć. Čěŋěšĺůěśłĺľ ăńčőřĺšň ďń£ ğăďăůĺ ő ŕőłřżšĺĺ // Ďĺśłřěš. ăŋăńĺğ ĺ ĺśśńěď. őŕěřăűĺľ. Cěř. 2. 2000. Š. 7. No 1. Ś. 47-60.

15. Eremeev A.V. Modeling and Analysis of Genetic Algorithm with Tournament Selection // In C. Fonlupt et al eds. Proc. of Arti˛cial Evolution Conference (AE’99), Dunkerque. Springer Verlag. 2000. LNCS, V. 1829. P. 84{95.

16. Aldous D., Vazirani U.U.\Go with the Winners" Algorithms // Proc. IEEE Symposium on Foundations of Computer Science. 1994. P. 492{501.

17. Balas E. A Sharp Bound on the Ratio Between Optimal Integer and Fractional Covers // Math. Oper. Res. 1984. V. 9. No. 1. P. 1-5.

18. Borisovsky P.A., Zavolovskaya M.S. Experimental Comparison of Two Evolutionary Algorithms for Independent Set Problem // In S.Cagnoni et al. (Eds.) Applications of evolutionary computing: Proc. of EvoWorkshops 2003, Essex. Springer Verlag. 2003. LNCS, V. 2611. P. 154-164.