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反復法

反復法ᴛ簡単ᷢᷦ解᷈ᷡᶻ難᷎ᶻ問題ḉᴘ単純ᷡ問題ᷥ繰ḁ返
᷎ᷞ解᷆ᴮ近似解ḉ求᷸Ḃᴯ方法ᴙ
ᶹḂ集合 ᾏ 上ᷥ写像 ϕ ᷟ初期値 ᾯ0 ∈ ᾏ ḉ与ᶿᷝ

ᾯ[ᾥ+ 1] = ϕ(ᾯ[ᾥ]), ᾥ = 0, 1, 2, . . . , ᾯ[0] = ᾯ0

᷿ᷢḁ漸近的ᷢ厳密解ᷢ収束᷌᷒Ḃᴙ√
ᾘ ḉ求᷸Ḃ反復法ᴛᾏ = (0,∞)ὣ ϕ(ᾯ) = 1

2

(
ᾯ+ ᾘ

ᾯ

)
厳密解 ᾯ∗ ᷦ集合 ᾏ 内ᷢ存在᷐Ḃᷟ仮定᷐Ḃᴙ
関数 ϕ ḉᶽ᷵᷆選ᷭᷟᴘ ᾣᾠᾤᾥ→∞ ᾯ[ᾥ] = ᾯ∗ᴙ
収束ᷥ速᷹᷌関数 ϕᷥ選ᷪ方ᷢ依存᷐Ḃᴙ

ὪὦὫὧ
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反復法ᷥṀṗḭḙ線図表現

反復法

ᾯ[ᾥ+ 1] = ϕ(ᾯ[ᾥ]), ᾥ = 0, 1, 2, . . . , ᾯ[0] = ᾯ0

ḉᴺ動的ḡḣḰṊᴻᷟᷝ᷶ᴘṀṗḭḙ線図ᷞ表現᷐Ḃᴙ
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関数 ᾰ = ᾝ(ᾯ)ᷥṀṗḭḙ線図⋆ ⋆ ⋆

関数
ᾰ = ᾝ(ᾯ)

ᾯά 入力ᴘᾰά 出力ᴘᾝά ḡḣḰṊ
Ṁṗḭḙ線図表現

ᾝ
ᾰ ᾯ
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ᾰ = ᾪᾠᾥ(ᾯ)ᷥṀṗḭḙ線図

ᾰ = ᾪᾠᾥ(ᾯ)

ᾪᾠᾥ
ᾰ = ᾪᾠᾥ(ᾯ) ᾯ
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加算ᷥṀṗḭḙ線図⋆ ⋆ ⋆

ᾰ = ᾯ1 + ᾯ2 ᴮ加算点ᴯ

ᾰ = ᾯ1 + ᾯ2 ᾯ1

ᾯ2
+
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加算ᷥṀṗḭḙ線図

ᾰ = ᾯ1 + ᾯ2 ᴮ加算点ᴯ
ᾰ = ᾯ1 + ᾯ2 ᾯ1

ᾯ2
+

次᷿ᷥᶽ᷹ᷢ書᷈Ḃᴙ

ᾰ = ᾯ1 + ᾯ2 = ὸᾯ, ὸ =
[
1 1

]
, ᾯ =

[
ᾯ1
ᾯ2

]
ᾯᾰ

ὸ
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ᴺḝḾᴨᴻᷥṀṗḭḙ線図⋆ ⋆ ⋆

ᾰ =

[
ᾯ
ᾯ

]
ᴮ引᷄出᷎点ᴯ

ᾯᾯ

ᾯ
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ᴺḝḾᴨᴻᷥṀṗḭḙ線図

ᾰ =

[
ᾯ
ᾯ

]
ᴮ引᷄出᷎点ᴯ

ᾯᾯ

ᾯ

次᷿ᷥᶽ᷹ᷢ書᷈Ḃᴙ

ᾰ =

[
ᾯ
ᾯ

]
=

[
1
1

]
ᾯ = ὸ⊤ᾯ

ᾯᾰ
ὸ⊤
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方程式 ᾰ = ᾝ(ᾰ)ᷥṀṗḭḙ線図⋆ ⋆ ⋆

方程式
ᾰ = ᾝ(ᾰ)

ḿḍᴨḳḺḭḙḡḣḰṊ

ᾰ
ᾝ

ᾰ
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Ṁṗḭḙ線図ᷥ例題⋆ ⋆ ⋆

次ᷥṀṗḭḙ線図ᷥ数式表現ḉ求᷿᷸ᴙ

ᾝ1ᾝ2
ᾰ ᾯ

+
ᾝ1

ᾝ2

ᾯᾰ

Ὗᾘὠ Ὗᾙὠ
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例題Ὗᾘὠ⋆ ⋆ ⋆

ᾝ1ᾝ2
ᾰ ᾯ

Ὗᾘὠ

ᾱ

᷐ᷰᷝᷥ矢印ᷢ名前ḉᷛ᷈Ḃᴙ ᾱ
ᷔḃᷕḃᷥᴬ箱ᴭὗᷥ入出力関係ḉ数式ᷞ表᷐ᴙ

ᾰ = ᾝ2(ᾱ), ᾱ = ᾝ1(ᾯ)

箱ᷟ箱ᷥ間ᷢᶹḂ矢印ᷥ変数ὗὟᾱὠὗḉ消᷐ᴙ

ᾰ = ᾝ2(ᾝ1(ᾯ)) = ᾝ2 ◦ ᾝ1(ᾯ)

ὨὪὦὫὧ
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例題Ὗᾙὠ

+
ᾝ1

ᾝ2

ᾯᾰ

Ὗᾙὠ

ᾱ

ᾮ ᾯ

᷐ᷰᷝᷥ矢印ᷢ名前ḉᷛ᷈Ḃᴙ ᾱὣ ᾮ
ᷔḃᷕḃᷥᴬ箱ᴭὗᷥ入出力関係ḉ数式ᷞ表᷐ᴙ

ᾰ = ᾱ+ ᾮ, ᾱ = ᾝ1(ᾯ), ᾮ = ᾝ2(ᾯ)

箱ᷟ箱ᷥ間ᷢᶹḂ矢印ᷥ変数ὗὟᾱὣ ᾮὠὗḉ消᷐ᴙ

ᾰ = ᾝ1(ᾯ) + ᾝ2(ᾯ)
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Ṁṗḭḙ線図ᷥ例題⋆ ⋆ ⋆

次ᷥṀṗḭḙ線図ᷥ数式表現ḉ求᷿᷸ᴙ

+
ᾝ

ᾯᾰ
+

ᾝ1
ᾯᾰ

ᾝ2

Ὗᾚὠ Ὗᾛὠ

ὨὬὦὫὧ



数値計算

例題ὗὟᾚὠ⋆ ⋆ ⋆

+
ᾝ

ᾯᾰ

Ὗᾚὠ

ᾱ

ᾰ

᷐ᷰᷝᷥ矢印ᷢ名前ḉᷛ᷈Ḃᴙ ᾱ
ᷔḃᷕḃᷥᴬ箱ᴭὗᷥ入出力関係ḉ数式ᷞ表᷐ᴙ

ᾰ = ᾝ(ᾱ), ᾱ = ᾯ+ ᾰ

箱ᷟ箱ᷥ間ᷢᶹḂ矢印ᷥ変数ὗὟᾱὠὗḉ消᷐ᴙ

ᾰ = ᾝ(ᾯ+ ᾰ)

ḿḍᴨḳḺḭḙ᷃ᶹḂᷟ᷄ᷦᴘ数式ᷦᴺ方程式ᴻᷟᷡḂᴙ
ὨὭὦὫὧ
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例題ὗὟᾛὠ

+
ᾝ1

ᾯᾰ

ᾝ2

Ὗᾛὠ

ᾱ

ᾮ

᷐ᷰᷝᷥ矢印ᷢ名前ḉᷛ᷈Ḃᴙ ᾱὣ ᾮ
ᷔḃᷕḃᷥᴬ箱ᴭὗᷥ入出力関係ḉ数式ᷞ表᷐ᴙ

ᾰ = ᾝ1(ᾱ), ᾱ = ᾯ+ ᾮ, ᾮ = ᾝ2(ᾰ)

箱ᷟ箱ᷥ間ᷢᶹḂ矢印ᷥ変数ὗὟᾱὣ ᾮὠὗḉ消᷐ᴙ

ᾰ = ᾝ1(ᾯ+ ᾮ) = ᾝ1(ᾯ+ ᾝ2(ᾰ))

ὨὮὦὫὧ
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練習問題

次ᷥṀṗḭḙ線図Ὗᾜὠᷥ数式表現ḉ求᷿᷸ᴙ᷎ᷖᷗᴘᾯὣ ᾰ ᷦṃḙḲ
ṕᴘ ὸ1ὣ ὸ2 ᷦ行列ᷞᶹḁᴘ ᾀ− ὸ1 ᷿᷁ᷪ ᾀ− ὸ2(ᾀ− ὸ1)

−1ὸ1

ᷦ正則᷐ᷟḂᴙὗ᷵ᷖ ᾀ ᷦ単位行列ḉ表᷐ᴙ

ὸ1
ᾯᾰ

++
ὸ2

Ὗᾜὠ

ὨὯὦὫὧ
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練習問題ᷥ解答

ὸ1
ᾯᾰ

++
ὸ2

Ὗᾜὠ

ᾱ ᾮ ᾭ

᷐ᷰᷝᷥ矢印ᷢ名前ḉᷛ᷈Ḃᴙᾱὣ ᾮὣ ᾭ
ᷔḃᷕḃᷥᴬ箱ᴭὗᷥ入出力関係ḉ数式ᷞ表᷐ᴙ

ᾰ = ὸ2ᾱ, ᾱ = ὸ1ᾮ, ᾮ = ᾭ+ ᾱ, ᾭ = ᾯ+ ᾰ

ὨὰὦὫὧ
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練習問題ᷥ解答

ᾱὣ ᾮὣ ᾭḉ消᷐ᴙ

ᾱ = ὸ1ᾮ = ὸ1(ᾭ+ ᾱ),

∴ ᾱ = (ᾀ− ὸ1)
−1ὸ1ᾭ = (ᾀ− ὸ1)

−1ὸ1(ᾯ+ ᾰ)

∴ ᾰ = ὸ2ᾱ = ὸ2(ᾀ− ὸ1)
−1ὸ1(ᾯ+ ᾰ)

∴ ᾰ =
[
ᾀ− ὸ2(ᾀ− ὸ1)

−1ὸ1

]−1 ὸ2(ᾀ− ὸ1)
−1ὸ1ᾯ

ḿḍᴨḳḺḭḙ᷃存在᷐Ḃ᷃ᴘ行列᷃正則ᷡᷥᷞᴘᴺ方程式ᴻḉ解
ᶻᷖ形ᷞ書᷈Ḃᴙ
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反復法ᷥṀṗḭḙ線図表現

᷊᷊ᷞᷥ目標ᴛ反復法

ᾯ[ᾥ+ 1] = ϕ(ᾯ[ᾥ]), ᾥ = 0, 1, 2, . . . , ᾯ[0] = ᾯ0

ᷥṀṗḭḙ線図表現ḉ求᷸Ḃᴙ

ὩὨὦὫὧ
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ḡḿḲ作用素

σ
ᾰ[ᾥ] = ᾯ[ᾥ− 1] ᾯ[ᾥ]

次᷿ᷥᶽᷡḡḣḰṊ σ ḉ考ᶿḂᴛ

ᾰ[ᾥ] = σᾯ[ᾥ] = ᾯ[ᾥ− 1], ᾥ = 1, 2, . . .

時刻 ᾥ ᷞᷥ入力 ᾯ[ᾥ] ḉ次ᷥ時刻 ᾥ+ 1 ᷵ᷞ記憶᷎ᷝ出力
論理回路ᷢ᷁᷈ḂṖḢḣḩ回路ᴮ記憶回路ᴯᴘ᷵ᷖᷦḿṔḭṁḿ
ṗḭṁᷟ同᷏
σ ᷦ ḡḿḲ作用素ᷟ呼ᷧḃḂ

ὩὩὦὫὧ
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動的ᷡḡḣḰṊ

σ
ᾰ[ᾥ] = ᾯ[ᾥ− 1] ᾯ[ᾥ]

ḡḿḲ要素᷿ᷥᶽᷢ内部ᷢ記憶ḉ持ᷛḡḣḰṊḉ
動的ᷡḡḣḰṊὟᾛᾰᾥᾘᾤᾠᾚᾘᾣὗᾪᾰᾪᾫᾜᾤὠᴘ᷵ᷖᷦ
記憶ḉ持ᷛḡḣḰṊὟᾪᾰᾪᾫᾜᾤὗᾮᾠᾫᾟὗᾤᾜᾤᾦᾩᾰὠ

ᷟ呼ᷭᴙ
入出力ᷥḩḎṉṝḚḉ同期᷌᷒Ḃ必要᷃ᶹḂ

ḙṗḭḙ同期回路᷃必要

時刻 ᾥ = 1ᷥ出力 ᾰ[1] = ᾯ[0] ḉ確定᷐Ḃ᷸ᷖᷢ初期値
ᾯ[0]ᷥ設定᷃必要

初期値ḉ ᾯ[0] = 0 ᷢḥḭḲ᷐Ḃ᷊ᷟḉṔḥḭḲᷟᶻᶽ

ὩὪὦὫὧ
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反復法ᷥṀṗḭḙ線図

反復法
ᾯ[ᾥ] = ϕ(ᾯ[ᾥ− 1]), ᾥ = 1, 2, . . .

ḡḿḲ作用素ḉ用ᶻᷝ

ᾯ[ᾥ] = ϕ(σᾯ[ᾥ]), ᾥ = 1, 2, . . .

初期値 ᾯ[0] ḉ設定

関数ᴮ作用素ᴯᷥ分割

ᾯ[ᾥ] = ϕ(ᾰ[ᾥ])
ᾰ[ᾥ] = σᾯ[ᾥ], ᾥ = 1, 2, . . .

ὩὫὦὫὧ
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反復法ᷥṀṗḭḙ線図

ᾯ[ᾥ] = ϕ(ᾰ[ᾥ]), ᾰ[ᾥ] = σᾯ[ᾥ], ᾥ = 1, 2, . . .

ᾯ[0] = ᾯ0ά 初期値

ϕ

σ

ᾯ0

ᾰ[ᾥ]ᾯ[ᾥ]

ὩὬὦὫὧ
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反復法ᷥṀṗḭḙ線図

ϕ

σ

ᾯ0

ᾰ[ᾥ]ᾯ[ᾥ]

反復法ᷦ静的ᷡḡḣḰṊ ϕ ᷟ動的ᷡḡḣḰṊ σ ḉ持ᷛᴙ
反復法ᷦḿḍᴨḳḺḭḙᷥ構造ḉ持ᷛᴙ
反復法ᷦ無限ṕᴨṁᷞᶹḂᴮ停止᷎ᷡᶻᴯᴙ

ὩὭὦὫὧ
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ᾏᾚᾦᾪᷞᷥḡṉṏṖᴨḡṑṝ

1/z

Expression
Mathematical

ClockClock

f(x) = (x + a/x) / 2f(x) = (x + a/x) / 2

Shift Operator (initial value = a)Shift Operator (initial value = a)

Signal ViewerSignal Viewer

ὩὮὦὫὧ


