Ğăďăůĺ ŕő łćăŋšőćżň ćżůĺśńěŋĺ£ň

Ă. Łĺšăěć

6/05/98

1) Ďőłăğăšĳ, ůšő ćśě őŕěřăšőřż ŋă őďŋőň q-ąĺšě, ć śőůěšăŋĺĺ ś őŕěřăšőřőň ~(σ_x), őąřăğş¿š ŕőńŋżľ ąăğĺś.

2) Ŕőśšřőĺšĳ łćăŋšőćş¿ śţěňş řăğňěřă O(n^2), řěăńĺğş¿źş¿ ŕřěőąřăğőćăŋĺě Ťşřĳě ŋă čřşŕ-

ŕě Zk ŕřĺ k = 2^n: U_k|x⟩ = 1 √ k k−1∑ y=0 exp ( 2πi xy k ) |y⟩ (x ĺ y ŕřěśšăćńěŋż n ąĺšăňĺ ć ďćőĺůŋőľ śĺśšěňě). Ć łăůěśšćě ąăğĺśă řăğřěÿăěšś£ ĺśŕőńĳğőćăšĳ ń¿ążě şŋĺšăřŋżě őŕěřăšőřż ŋă ďćşţ q-ąĺšăţ.

3) Ŕőśšřőĺšĳ łćăŋšőćş¿ śţěňş řăğňěřă poly(n log(1/δ)), řěăńĺğş¿źş¿ ŕřěőąřăğőćăŋĺě Ťşřĳě ŋă čřşŕŕě Z_k ŕřĺ k < 2^n ś šőůŋőśšĳ¿ δ. (Şłăğăŋĺě: ćőśŕőńĳğőćăšĳś£ řěğşńĳšăšőň ğăďăůĺ 7).

4) Ďőłăğăšĳ, ůšő ń¿ąőě ťĺğĺůěśłőě ŕřěőąřăğőćăŋĺě ňăšřĺű ŕńőšŋőśšĺ T : L(N ) → L(M) ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě T = Tr_F (V ·V^†), šő ěśšĳ T ρ = Tr_F (V ρV^†), čďě V : N → N ⊗F | ĺğőňěšřĺůěśłőě ćńőęěŋĺě. (Ŕőď \ťĺğĺůěśłĺň ŕřěőąřăğőćăŋĺěň" ŕőŋĺňăěšś£ ŕřőĺğćőńĳŋă£ łőňŕőğĺűĺ£ ŕřěőąřăğőćăŋĺľ ćĺďă Tr_F ĺ V · V^†).

5) Ďőłăğăšĳ, ůšő ńĺŋěľŋżľ őŕěřăšőř T : L(N ) → L(M) £ćń£ěšś£ ťĺğĺůěśłĺň ŕřěőąřăğőćăŋĺěň ňăšřĺű ŕńőšŋőśšĺ šőčďă ĺ šőńĳłő šőčďă, łőčďă ćżŕőńŋěŋż ďćă şśńőćĺ£:

ă) Tr(T X) = Tr X ďń£ ń¿ąőčő X ∈ L(N ).

ą) T £ćń£ěšś£ ćŕőńŋě ŕőńőęĺšěńĳŋżň ŕřěőąřăğőćăŋĺěň. Ă ĺňěŋŋő, ďń£ ń¿ąőčő ŕřőśšřăŋśšćă G, ŕřěőąřăğőćăŋĺě T ⊗idL_{(G)} : L(N ⊗G) → L(M⊗G) őšőąřăęăěš ŋěőšřĺűăšěńĳŋżě őŕěřăšőřż ć ŋěőšřĺűăšěńĳŋżě.

6) \Łćăŋšőćă£ šěńěŕőřšăűĺ£". Ŕşśšĳ ĺňě¿šś£ šřĺ q-ąĺšă: ŕěřćżľ ĺğ ŋĺţ ŋăţőďĺšś£ ć ŕřőĺğćőńĳŋőň (ğăřăŋěě ŋěĺğćěśšŋőň) śőśšő£ŋĺĺ ρ, ćšőřőľ ĺ šřěšĺľ | ć śőśšő£ŋĺĺ |ξ_{00}⟩ = 1√ 2 ( |00⟩ + |11⟩ ) . Ŕřőĺğćěďěň ŋăď ŕěřćżňĺ ďćşň£ q-ąĺšăňĺ ĺğňěřěŋĺě, śőőšćěšśšćş¿źěě őřšőčőŋăńĳŋőňş řăğńőęěŋĺ¿ B^{⊗2} = (|ξ_{00}⟩) ⊕ (|ξ_{01}⟩) ⊕ (|ξ_{10}⟩) ⊕ (|ξ_{11}⟩), čďě |ξ_{ab}⟩ = 1 √ 2 ∑ c (−1)^{bc} |c, c ⊕ a⟩.

Ŕőłăğăšĳ, ůšő ĺśŕőńĳğş£ řěğşńĳšăš ĺğňěřěŋĺ£ ĺ őśšăćÿĺľś£ šřěšĺľ q-ąĺš, ňőęŋő ćőśśšăŋőćĺšĳ ĺśţőďŋőě śőśšő£ŋĺě ρ. Ğăŕĺśăšĳ ćś¿ ŕőśńěďőćăšěńĳŋőśšĳ ďěľśšćĺľ (ĺğňěřěŋĺě ĺ ćőśśšăŋőćńěŋĺě) ć ćĺďě łćăŋšőćőľ śţěňż.

7) \Őąřăšĺňőě ĺğňěřěŋĺě". Ŕşśšĳ W = ∑_t k=1 ˝_{Lk} ⊗ V_k | ĺğňěř£¿źĺľ őŕěřăšőř, V_k|0⟩ = ∑ y,z c_{y,z}(k)|y, z⟩. (Ĺňěěšś£ ććĺďş, ůšő őŕěřăšőřż V_k ďěľśšćş¿š ŋă m + s q-ąĺš; ŕěřćżě m q-ąĺš (š. ě. y) | \ŕőńěğŋżľ řěğşńĳšăš", őśšăńĳŋżě s q-ąĺš (š. ě. z) | \ňşśőř"). Ďőŕşśšĺň, ůšő V ĺğňěř£ěš ŋěłőšőřş¿ ťşŋłűĺ¿ f : {1, . . . , t} → {0, 1}^m ś ćěřő£šŋőśšĳ¿ őÿĺąłĺ ϵ, šő ěśšĳ

P(f(k) |k)^{def}=^∑_z |c_{f (k),z}(k)|^2 ≥ 1 − ϵ

Ŕőśšřőĺšĳ ŕőńĺŋőňĺăńĳŋş¿ łćăŋšőćş¿ śţěňş c ĺśŕőńĳğőćăŋĺěň W ĺ W^{−1}, řěăńĺğş¿źş¿ ś šőůŋőśšĳ¿ O(ϵ^{1/2}) ŋőćżľ ĺğňěř£¿źĺľ őŕěřăšőř U = t∑ k=1 ˝_{Lk} ⊗ Q_{f (k)} , čďě Q_v|y⟩ = |y ⊕ v⟩. (Řăğřěÿăěšś£ \ąřăšĳ ŋăŕřőłăš" ďőŕőńŋĺšěńĳŋżě q-ąĺšż).

8) Ŕőśšřőĺšĳ śĺňŕńěłšĺůěśłĺľ łćăŋšőćżľ łőď šĺŕă (5, 2), ĺśŕřăćń£¿źĺľ őďŋş őÿĺąłş.

9) Ďőłăğăšĳ, ůšő ŋě śşźěśšćşěš łćăŋšőćőčő łőďă šĺŕă (4, 2), ĺśŕřăćń£¿źěčő őďŋş őÿĺąłş.