1

Cp : t → Tp Cp(t) = t vp(t) =^{dCp(t)}_{dt} vp(t) = 1

|vp(t) − 1| ≤ δ |vp(t) − vq(t)| ≤ γ

p, q t πmax

π0 PS

2ρmax γ

→ →

→

→ →

5

πmax

ϵmax

ηmax

S_p vp(t) = Spfp(t)

Sp

S_p

1/fp

1/fp(1 ± ρ^{max}_p )

f_p(t) C_p(t) f_p fpρmax_p

fpρmax_p fp(t) f_p(t+Δt)

| |f^p(t)f_p − 1 | | ≤ ρ^{max}_p ∀t ≥ t_0

| |f^p(t+Δt) fp(t) − 1 | | ≤ σpΔt ∀t ≥ t0 σp . . . 0 ≤ Δt ≤ ∞

ρmax_p . . .

10^{−5} 10^{−6}

ρmax_p

10^{−7} 10^{−9}

σp

10^{−11} 10^{−11}

10^{−10} 10^{−11}

10^{−7} 10^{−10}

I = [x, r, y]

y x

I = [r ± x] r

Rp

Qp,q

fl

→

→

→

Rp,q vp

vq vp

|vp − vq|

R_p

Rp = [θ^−_p , 1, θ^+_p ] 1 ∈ vp(t)Rp ∀t1 ≤ t ≤ t2

⇒ R_p = [ δ_p 1+δp , 1, δp 1−δp ]

⇒ δ_p = max { θ+_p 1+θ+_p , θ−_p 1−θ^−_p } δ_p

Rp T1

T2 Rp +^[0 ±^{σp(T2−T1)} 1−2||Rp|| ]

[t1, t2]

Q_{p,q} = [ Tq−T ≺_q Tp−T ≺_p ± ( (σp+σq)(Tq−T^≺_q ) 2 +^{ϵmax}_{Tp−T} ≺_p )]

t_q t^≺_q T^{≺q}

Tp Rp Tq

T^≺_p t^≺_p

tp

R_q

vq(t^′) vp(t^{′′}) ∈ Qp,q

t^′ t^{′′} p q t^≺_q tp Rq Rp,q

Rp,q = Qp,q · Rq

ref(Rp,q) ∈^[1 ±^(||Rp + Rq|| +^{σp+σq}_2 PR +^{ϵmax}_{PR}^{)]} align(Rp,q) ⊆ align(Rq) +^[0 ±^{(σp+σq}_2 PR +^{ϵmax}_{PR}^{)]}

p q

P_S F +E T

(k−1)PR+F +E

k

P_R kP_R+F :

kP_R+F +E :

kP_R :

kP_R+F :

p ⟨R_p, U_p, T_p⟩ ⟨R_q, U_q, T_q⟩ q

Qp,q Rp,q Rp R^′_p CV_F(·)

Tp,q

VAL_F(·)

Sp ← ref(R^′_p)Sp

Sp = S^′_pref(R^′_p)

Rp,3 R_{p,}4 Rp,2

1/v^′_p v^′_p 1/ref(R^′_p)

⇒

⇒

R^′_p

vp = v^′_pref(R^′_p)

R_p = R^′_p/ref(R^′_p) = norm(R^′_p)

Rp,1

R^′_p

R^′_p = CV F (Rp,1, . . . , Rp,n)

R_{p,q}

F Rp,q

R^′_p = CV_F(R_p) R^′_p = X^′_p

Xp

R^′_p = VALF (Rp; Xp; X (^−1)_p ; X (^{−h})_p )

X^′_p = CV_F (X_p)

Rp

[t1, t2]

⇒

⇒

{R1, . . . , Rn}

δ γ fl ⊇^[0 ±^γ_{2(1−δ)}^]

fl− {R1, . . . , Rn} δ γ = (1 + δ)||fl||

⋂n p=1 vp(t)(ref(Rp) + fl) ≠ ∅ ∀t1 ≤ t ≤ t2 fl−

fl− {R1, . . . , Rn} ω(^k)

ω(t) = ω^{(k)} ⋂n p=1 v_p(t(^k))(ref(R_p) + fl)

{R1, . . . , Rn} t^{(k)} t(^k) ≤ t < t(^k+1)

ω(^k)

fl−

t(^k+1) t(^k) 1

[t1, t2] ω(t)

fl

fl_p

ω(t)

Rp ω(t) ∈ vp(t)(ref(Rp) + fl_p) ∀t1 ≤ t ≤ t2 fl_p−

→ →

→

Ri R_{p,i} fl^{(k)}− Rq,i t(^k) t(^k+1)

fl_{p,i}, fl_{q,i} ⊆ fl_H fl_H ⊆ fl^{(k)} +^[0 ±^(σmaxPR +^{ϵmax}_{PR}^{)]} fl_I ⊆^[0 ±^(σmaxPR +^{ϵmax}_{PR}^{)]} fl_{q,i}− fl_I− fl_{p,i}−

F(·)

R^′_p = CV_F (R_{p,}1, . . . , R_{p,i}, . . . , R_{p,n}) R^′_q = CV F (Rq,1, . . . , Rq,i, . . . , Rq,n)

CV F (·)

CVF(·)

CP(·) CE(·) DP^±(·)

||CP(fl^1, . . . , fl^n; fl_H; fl_I; . . . )|| =

R^′_p O(||fl_H||)

1 + fl^{(k)} + [0 ± σpPR]+ swap(CP(fl_{p,1}, . . . , fl_{p,n}; fl_H; fl_I; . . . ))

p

CP(·)

S(^k+1) p S(^k)_p ∈

CP(fl_{p,1}, . . . , fl_{p,n}; fl_H; fl_I; . . . )−

||fl^′|| = CE(fl^1, . . . , fl^n; fl_H; fl_I; . . . ) < O(||fl_H||)

fl^∗ ||fl^∗|| = CE(fl^1, . . . , fl^n; fl_H; fl_I; . . . )

k ≥ 1 fl^{(0)} ⊆ fl^∗ Rp

CE(·) {R^′_p, R^′_q} fl^′−

fl^{(k)}− fl^{(k)} ⊆ fl^∗

CP(fl_H) = fl_H CE(fl_H, fl_I) =^{||flH +flI ||}_2

||fl^∗|| = 2^(σmaxPR +^{ϵmax}_{PR}^)

S(^k+1) p S(^k)_p ∈ [ 1 ±^(6σmaxPR + 5^{ϵmax}_{PR}^{)]}

P opt_R ≈ √ ϵ max σmax

OA(·)

DP^±(·) align(R^′_p) ⊆[DP^−(Vp,1, . . . , Vp.n; fl_H; fl_I; . . . ), 0

DP^+(V_{p,1}, . . . , V_{p.n}; fl_H; fl_I; . . . )] align(Rp,i) ⊆ Vp,i

V(^k)_p

align(Rp) ⊆ V^{(k)}_p k ≥ 1 align(Rp) ⊆ V^{(0)}_p

30

31