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Introduction 2

 

╩ ЯДи(Dynamic discrete choice structural models) τḩβϥйРв˔ ʽ

2 ṁ Ἱρᴂ

2.1 ЄрϽиϵ˔ЅϴрЕЯДи

Å RustχЯДи(Ex.1)

Å Eckstein -Keane-Wolpinχ

ЯДи(Ex.2)

2.2 ԁ ỡ”ЯДи(Ex.3)

2.3 ᶘϿ˔Э(Ex.4)

3,4,5

3 ЄрϽиϵ˔ЅϴрЕЯДи

4 ᶘϿ˔Э

5 ԁ ỡ”ЯДи

Å NFXP /CCP /NPL σς
Å ⱳ EM σς

Å 2ІГАФ

̞╥―ʿ ῴ ˰Ὂↄ χθϛχ  ϯиЁзЇЭ˱2,3 ʼ╣Ἳּזʼ2019



2. Models and examples
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╩ ЯДиχ ꜠ᴟ
ὸɴ πȟὝ: ṍḧ

Ὥ: ᾤ ˢϵ˔ЅϴрЕˣ

ί: tṍτΣΪϥiχ

ὥ : tṍτΣΪϥiχ“

‍ᶰ πȟρ: ᶤԏ

ᾤ iψ ӱτ Ξ῟ χᶤԏ χṍ

ϬΩ ᴟβϥϢΞτ“ Ϭ βϥʽ

ṍχ῟

άϦψ ὓᵊ (DP)ρΰο ΠϥάρΥπΦʼBellmanχΩ ᾖ Τϣᴣ
ḩ ὠί Ϭ ΜοʼӟᴞχBellman ꜠τϢμο™ṑ τ ᾝπΦϥʽ

Ὂίȟ ȿὥȟί : ӱᶎ
(transition distribution function)

ίτΣΜο“ ὥ Ϭ ΰθρΦʼ
t+1ṍτ ίȟ ρσϥᶎ ˢ ˣ

=
: “ ΥὥπΚϥρΦχ
ᴣ ḩ

ὺὥȟί
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ʾ Ῠτḩβϥ  ОжЮ˔Ќ
ʾ ӱᶎ Ὂ
ʾᶤԏ ‍

τνΜοʼḢ Д˔ЌΤϣ ϞGMMṁ χ ṁ Ϭ ΜοОжЮ˔Ќ ʽ

ὼ : ίχΞκḢ ᴦ σ

‐: ίχΞκḢ σ
(=econometric error)

ώ ὣὥȟὼȟ‐ : ρ“ χ τיּ
Ӣ βϥ (payoff variable) ʽ

Πωʼ ḩ ψӟᴞχ Ϥʽ

Ὣ — ɫ ὰ—, —:   ОжЮ˔Ќ

Ὣ —: ṁ

‌ὼȟ‐ȟ—: Ω “ и˔и

‌ί ÁÒÇÍÁØ
ᶰ
ὺὥȟί

ṁ χ ᴣχθϛτψʼΩ “ и˔иϬ ϥ ΥΚϥʽ
̠Ᵽχ ┤τ∑ΰοʼζχ DPϬᵔΨʼΚϥΜψựⱨᵔϬẐϛϥ ΥΚϥʽ
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ЯДиτΣΪϥᴠ (Rust(1987))

̙ᴠ AS (Additive Separability) ʿᴥ

῟ ḩ ὟψӟᴞχϢΞτ πΦϥʽ

Ὗὥȟὼȟ‐ όὥȟὼ ‐ ὥ

‐ ὥ: ỡ0χжрЍЭ‮

ὥᶰὃ ὥȟὥȟὥȟȣȟὥ τ ᴂΰο αϥ
ὐ ρ ρⱳᾕЦϼЕи

̙ᴠ IID (iid Unobservables )ʿ

‐ψ῀Μτ π ԁχᶎ Ὃ ‐ τΰθΥΞʽ

̙ᴠ CI-X (Conditional Independence of Future x) ʿ χ Ὧ Φ

t+1ṍχ ὼȟ ψtṍχ ὼȟτӢ βϥԁ πʼ‐τψӢ ΰσΜʽ

̙ᴠ CI-Y (Conditional Independence of y) ʿ χ Ὧ Φ

ώψ ὼρ“ ὥτӢ βϥԁ πʼ‐ρψ πΚϥʽ

ὅὈὊὼȟ ὥȟὼȟ‐ Ὂ ὼȟ ȿὥȟὼ

ὣὥȟὼȟ‐ ὣὥȟὼ
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̙ᴠ CLOGIT (Conditional Logit Model) ʿ Ὧ ΦкЅАЕἷЯДи

Ḣ ᴦ σ ‐ ὥȡὥ πȟρȟȣȟὐψ῀Μτ πΚϤʼζϦηϦЌϱФ1
ớ τ Ξʽ

̙ᴠ DIS (Discrete Support of x) ʿ ╩ἷχ

ὼχρϥ Ӥψ ╩Τν ᾢπΚϥʽ

ὼ ᶰὢ ὼ ȟὼ ȟȣȟὼ ×ÉÔÈὢ Њ

τʼᴠ CI-X, IIDψ ӱᶎ ὊτḩΰοӟᴞϬ ήδϥʽ

Ὂὼȟ ȟ‐ȟ ὥȟὼȟ‐ Ὃ ‐ȟ Ὂ ὼȟ ὥȟὼ

‐χϙτӢ βϥ
ᶎ (type 1)

‐τӢ ΰσΜ
ᶎ

ӟ χᴠ τϢϤʼ  ОжЮ˔ЌⱣχ Υᴦ τσϥˢ̠3,4,5 ˣʽ

— —ȟ—ȟ—

—ʿ῟ ḩ χОжЮ˔Ќ
—ʿ ḩ χОжЮ˔Ќ
—ʿ ӱᶎ ḩ χОжЮ˔Ќ
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Ex.1 ЯДи (Rust & Phelan(1997))

ʿ
ᶆṍτᾤ iΥʼ Ϭ ʽ

ʾ Φ Ϊϥ(ὥ ρ)
ʾ ΰ Ỳ ᶨϬ◐ϛϥ (ὥ π)

̠ ᾢṍḧτΣΪϥΩ ♁ ρΰοṜ

Â tṍχ῟ ḩ

— — ȟ— ȟȣȟ— : ОжЮ˔Ќὧ: ◦ Ὤ : ὲῴ ά : Ὣₒ ὸ: 

◦ χṍ

Ḣ ᴦ σ Ḣ σ

ᴠ AS

χ ῟ᾤ χӰל τḩβϥ

ӟ χRustχᴠ Ϭἇ Ϭ Μοᵔ βϥʽ

Å‐ψᾤ ḧʼⱲὉ π ḩδγʼ Τν ԁχ τ Ξ ᴠO IID

Å‐τᴠ CLOGITϬ ̠кЅАЕἷЯДи
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Â tṍχ ◦

Ὤὧ: Ӻ ◦

ὶὥ: Ⱳχ

ὴὴ: Ỳὦ ὦὶὥȟὴὴ : Ỳώ : ύ : Ỳ

ὧ ώ Ὤὧȟ ώ ὥύ ρ ὥ ὦ

— — ȟ— ȟȣȟ— ȟ„ : ḩ χОжЮ˔Ќ „ : ỲϒχЄдАϼ‚χ ╩

Ỡ Ὃ ʿ Ỳ ʿ Ỳ

Â tṍχ Ỳʿ ᾧ χᶎ ˢ‐ρψ ˣ̠ᴠ CI-Y
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Rust & Phelan(1997)ψάχЯДиϬNFXPπ ΰʼ ⁯π χС˔ϼΥ

65⅞τσϥχψʼּזᵓ ᾑ Υ65⅞ӟ׃ χ πψ τσϤʼ65⅞ϘπЮ

ДϰϾϯχⱢᶊϬⱱνθϛρΰθʽ ̙

Ḣ ᴦ σ ψӟᴞχϢΞτ ӱ

Å ὲῴ Ὤ ʿ ӱᶎ Ὂ Ὤȟ Ὤ

Å Ὣₒ ά ʿ ӱᶎ Ὂ άȟ ά

Å ὸ ʿ ṍ+1

Å Ⱳχ ὶὥ ʿ ṍ+1

Å Ỳ ὴὴ ʿ ӱᶎ Ὂ ὴὴȟ ύ ȟὴὴ

Å Ӻ ◦ Ὤὧ ʿὬρά τӢ βϥОй˔Е

t+1ṍχ ψtṍχ
χϙτӢ ̠ᴠ CI-X

Ϭ ╩ᴟ
̠ᴠ DIS

ӟ ϢϤʼRustχᴠ Υ ʽ
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Bellman ꜠χ ΦḊΠ

Ṍ χᴠ χᴞπʼ‐χ τ βϥᴣ ḩ χṍ ὠὼ ḳ ὠ᷿ὼȟ‐ ÄὋ ‐ Ϭ

―ΠϥρʼDP ψӟᴞχϢΞτ ΦḊΠϣϦϥʽ

ὠὼ ψ ᴣ ḩ (Emaxḩ )ρήϦʼάχ Bellman ꜠χԁӪᵔπΚϥʽ

ὺὥȟὼȟ‐ όὥȟὼ ‐ ὥ ‍

ȟ

Ὢὼȟ ὥȟὼ ὠὼȟ ȟ‐ȟ ὨὋ ‐ȟ

ᴣ ḩ

˹

ὠὼȟ
ὠὼȟ‐ ÍÁØ

ᶰ
ὺὥȟὼȟ‐ ϢϤʼ

˜(̒ )
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ρ Ὧ Φ ᶎ

ϘθʼάχρΦ ḩ ψӟᴞχϢΞτ ήϦϥʽ

Ὢ: χ ḩ (Ex.1πψ‚χ ) Ὢ: ӱᶎ χ ḩ

ÌÏÇ0Òὼȿ—: ᾤ iχ ṍ Υ τ Πϥ῟ᴮˢ Ψχ › ♪ˣ

ὖὥȿὼȟ—: Ὧ Φ ᶎ (CCP)

ὥȟὼᶰὃ ὢȟ—ᶰῸτ ΰοʼ Ὧ Φ ᶎ (CCP)ψӟᴞʽ

‌ὼȟ‐ : Ω “ и˔и
‌ὼȟ‐ ÁÒÇÍÁØ

ᶰ
ὺὥȟί ‐

Ὅɇ: ◙ꜘḩ
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Bellman ꜠χẐᵔ

Ὧ Φ ᶎ (CCP)ˢ™Ἷˣ

ὖὥὼ Ὅ‌ὼȟ‐ ὥὨὋ ‐

Ὅὥ ÁÒÇÍÁØ
ᶰ
όὥȟὼ ‐ ὥ ‍

ȟ

ὠὼȟ Ὢὼȟ ὥȟὼ ὨὋ ‐

ᵔΥᴣ ḩ χἹρσϥ χBellman ꜠Ϭʼ Ὧ Φ ᶎ χἹπᵔΨʽ
̠ Ὧ Φ ᶎ ╟ΥẐϛϥϓΦᵔχῙ

Ὧ Φ ᶎ Τϣ Ὧ Φ ᶎ ϒּאβϢΞσּא ˢCCPϷЧй˔ЌˣϬ
Bellman ꜠ϢϤẐϛʼζχ ϬᵔρβϦωϢΜʽ

꜠τΣΜοʼὖψὠχּא τσμοΣϤʼ
אּ ɇȡ╥ᴼ╟

ρβϥʽ

╟ ὖὥὼȟὼ ὼȟȣȟὼȟὥ ὥȟȣȟὥ
Ϭ ρβϥ ὓ ὐχ“

╥ ὠὼ ȟȣȟὠὼ

˜(P1)
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ԁ ʽṍ ᴣ ḩ ˢ™Ἷˣψ

╕ὥ
Ὢὼȿὼȟὥ ȣ Ὢὼȿὼȟὥ

ể Ệ ể
Ὢὼȿὼȟὥ ȣ Ὢὼȿὼȟὥ

◊ὥ όὼȟὥȟȣȟόὼȟὥ

Ὧ Φ ᶎ χ ṰϢϤʼ

ὠὼ

ᶰ

ὖὥὼ όὥȟὼ Ὁ‐ ὥȿὼȟ‌ὼȟ‐ ὥ ‍

ȟ

ὠὼȟ Ὢὼȟ ȿὥȟὼ

“ ʾЦϼЕи ᾝ

╥

ᶰ

╟ὥᶻ◊ὥ ╔ὥ ‍╕ὥ╥

╟ὥ ὖὥὼ ȟȣὖὥὼ

╔ὥ Ὁ‐ ὥȿὼȟ‌ὼȟ‐ ὥȟȣ
ȟὉ‐ ὥȿὼȟ‌ὼȟ‐ ὥ
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άϦϢϤʼ

╥ ╘ ‍

ᶰ

╟ὥ ╕zὥ

ᶰ

╟ὥᶻ◊ὥ ╔ὥ

꜠τΣΜοʼὠψὖχּא τσμοΣϤʼ
אּ ɇȡ╟ᴼ╥

ρβϥʽ

ӟ ϢϤʼ╥χּא ρΰο ɇΥʼ╟χּא ρΰο ɇΥ ϣϦθʽ
άχ2νχּא χ› אּ Ϭ ɇḳ ɇρβϥρʼάχ ɇΥCCPϷЧй˔Ќ

╟ ╟

̠ᵔχΚϣϠϥῙ Ϭ ɇτ ΰʼ

Υ Ϥ οωʼζχ ╟ΥẐϛϥῙ ʽ

Aguirregabiria & Mira (2002) Υ ┤ϯиЁзЇЭϬ ӛ

˜(P2)
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├ (policy iteration)

ᴠ ASʼᴠ CIʼᴠ DISΥ θήϦϥρΦʼ

a. ψԁӪ σ ╟Ϭⱱν

b. Ӫχ╟ τ ΰοʼ ╟ ╟ ȟὑ ρȟςȟȣȟψ╟τ βϥʽ

c. Ӫχ╟ τ ΰοʼ╥ ╟ ȟ╟ ╥ ρσϥϢΞσ

╥ ȟ╟ Ϭ―Πϥρʼ ╥ ψԁӪ σᵔτ ΰοʼ(̒)χBellman

꜠χᵔτσϥʽ

Â Aguirregabiria & Mira (2002) χ

άχ ϢϤʼ╟ϬἣϤ ΰʼ τ ΰʼ╟Ϭ  ΰοΜΨάρπʼ Ϭ
ẐϛϥάρΥᴦ τσϥʽ

̠CCPϷЧй˔ЌϬ Μοʼ ϬẐϛϥ ʿ ├ (policy iteration)
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STEP 0 : Ω χ╟ χᶆ τ σ πȟρḧχ ϬᶤϤ οϥʽ

Â ├ (policy iteration)

ӟ‭ʼὑ πȟρȟȣτ ΰοʼⱳχ2ІГАФϬἣϤ βʽ

STEP 1: ╟ Ϭ꜠P2χ֒ τ ΰο╥ ╟ ρβϥʽ

STEP 2: ╥ Ϭ꜠P1χ֒ τ ΰο╟ ╥ ρβϥʽ

σЛиЭρ‭ πτ ΰʼ ╟ ╟ ‭Υ Ϥ οω ΰʼὓ▄Ϭ
ʽ

ԁ τψʼּא ɇΣϢό ɇϬ βϥχΥ₉ ʽ

̠кЅАЕἷЯДиχ (ᴠ CLOGIT)τϢϤὓ▄Ϭḛ τβϥʽ



╥ ╘ ‍

ᶰ

╟ὥ ╕zὥ

ᶰ

╟ὥᶻ◊ὥ ÌÎ╟ὥ
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кЅАЕἷЯДиτΣΪϥBellman ꜠χẐᵔ

ᴠ CLOGITχᴞπʼ Ὧ Φ ᶎ ψ

ὖὥὼ
ÅØÐόὼ ȟὥ ‍╕ὼ ȟὥ ╥

Вᶰ ÅØÐόὼ ȟὥ ‍╕ὼ ȟὥ╥

ήϣτʼ╔ὥ ÌÎ╟ὥ ρσϥάρΤϣʼ꜠P2ϢϤ

ɇȡ╥ᴼ╟

ɇȡ╟ᴼ╥

Ϙθʼᴠ CLOGITχᴞπʼṍ ᴣ ḩ ψ

ὠ ÌÎ

ᶰ

ÅØÐόὼ ȟὥ ‍╕ὼ ȟὥ╥

├ Υὓ▄ᴦ

╥ ÌÎ

ᶰ

ÅØÐ◊ὥ ‍╕ὼ ȟὥ╥

“ ʾЦϼ
Еи ᾝ

άχ꜠χ֒ Ϭᴣ ϷЧй˔Ќ

ρΰοʼ╥ ╥χԁӪ σ

╥ϬẐϛϥᴣ

(value iteration) τϢμοϜDP

χᵔϬẐϛϥάρΥᴦ ʽ
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Ex.2 Ộ ЯДи (Keane & Wolpin (1997))

16⅞ӟ χᾤ iΥ Ộ τḩΰοtṍτ“ ὥ πȟȣȟτϬ ʽ
ὥ πʿ ʼ ρʿ ШмϱЕϸж˔ʼ ςʿ Уи˔ϸж˔ʼ σʿ Ἣ ʼ τʿ ᶘ

Â tṍχ῟ ḩ

— ȟ— : ᶘʼ ᶘԚχ
Ộ τ βϥОжЮ˔Ќ

Ὤ : ᶘ

ὡ ὥ: Ỳ

ὶ: ζχ ỘχІϺиФжϱІ (skill price) Ὧ : Ỡ

Â tṍχ Ỳ

ⱳτʼΜΨνΤχRustχᴠ ΥḜ ήϦθЯДиχ Ϭᾋοϙϥʽ

‐Υ ὡ ὥτḯϘϦοΜϥ̠ᴠ AS,CI-Yʿ˷

‐ȟḢ :‫ σ ˢῇ ˣ
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‐ ὥ: ♥ᾧ ˢᾤ ʼⱲὉ π ḩσΰˣ
ỡ0ʼ σΰχ ╩Ặ ╩“ Ϭⱱνʽ

‫ ὥ: Ộ+ᾤ τ ˢᾤ χ ϞὊↄ σςχῷẆ σӰל ˣ
ᾤ έρτ16⅞ӟ‭ᾧ πʼᶎ ψЛрОжЮЕзАϼσ︣ π ʽ

ÂḢ σ ˢЄдАϼˣⱠ░◄ȟⱷ░τḩΰο

ρϜʼᾤיּ τψ ᶐήϦϥΥʼ τψḢ╔ήϦσΜʽיּ

̠ᾤ χ“ ψ‫τӢ ΰʼЈйϼЄдрНϱϯІΥ αϥᴦ ΥΚϥʽ

ᴠ IID,CLOGITʿ˷

‫ ᶰɱ ‫ȟȣȟ‫ χρΦʼᾤ ὭΥЌϱФὰπΚϥρΦχ ḩ Ϭ

ᾢ₤›ЯДиχ τϢϥᾤ χӰל χ―

ρβϥ.
ᾤ Ὥχ ḩ ψʼ ṍ ὼπ‫ ‫ρσϥ Ὧ Φᶎ “ȿ ϬϳϵϱЕρΰοʼ

“ȿ ḳ0Ò‫ ‫ ὼ

ρ Ϊϥʽ̠ ⱳ EMϯиЁзЇЭτϢϥОжЮ˔Ќ ˢῇ ʿ3 ˣ



23

Keane & WolpinψЯДи τϢϤʼ16⅞Ⱳχ(Ḣ σ)Ɫ χ χ₯Υʼ

⁯τΣΪϥ ᵶ ᶊ₯χ σ ԍπΚϥθϛʼ ᶘ Ộ χ☼├χ῟ᴮ

ψ τ ήΨσϥρὫ Ϊθʽ

ÂЯДи

Single-agent models: Keane & Wolpinôsmodel

Å ṍ Ὧ

βϓοχᾤ Υ ԁχ ϬρϥṍḧϬ ΰʼΩ χṍḧϬЂрФиΤϣḢ

βϥάρπḢ σӰל Ϭ ʽ

ʿKeane & Wolpin (1997)ψʼ16⅞Ⱳ πχᶘ ễӾχωϣνΦΥʼ χӰל

τḩβϥ ρ ḩΥΚϥϜχρΰοЯДиϬ ʽ

Å Ḣ╔ σ Ⱡ░◄χ ♥ḧχ ḩ

χἣϤ ΰὓ▄̠Keane & WolpinχЄЬвй˔Єдр ḧ

Å ꜛᾪ НϱϯІ

ᾤ ψ‐ϬḢ ᴦ πΚϥθϛʼΩ σ Ộ ϬΣάσΞʽ

̠ Ỳḩ χ ⱲτЂрФиχНϱϯІχֲốϬ ΪοΰϘΞʽ

Âṳ
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ẵ ỡ”ЯДи

άάϘπӌμθχψʼᴣᶊρ Υ πΚϥ ỡ”ЯДиʽ

˹ ├ χ ᴟτ ΰοʼᴣᶊΥ πΚϥρΜΞᴠ ʽ

Ὂↄ χ ΰϬ ΰθΜ̠ ԁ ỡ”ЯДи(General equilibrium)

Å Heckmanϣ(1998)ʿ Ɫ ρ ỲτḩβϥӰל Ϭ― ΰθ ԁ ỡ”ЯДиʽ

⁯ὊↄτΣΪϥ Ỳᶊ₯χ χᾖԍϬ ʽ

Å Lee(2005),Lee & Wolpin (2006)ʿHeckmanϣ(1998)χΜΨνΤχᴠ ϬḜ βϥά

ρπʼỡ” Ϭ ᵃ τ ϙ₅Ϛʽ

˹ ├ χ ᴟχֲốΥʼὊↄ τ ẉ
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16⅞ӟ χᾤ iΥ Ộ τḩΰοtṍτ“ ὥ πȟȣȟτϬ ʽ
ὥ πʿ ︠ / ʼ ρʿ ШмϱЕϸж˔(WC)ʼ ςʿ Уи˔ϸж˔(BC) ʼ σʿ Ἣ ʼ τʿ ᶘ

Â tṍχ῟ ḩ (ὥ π)

Â tṍχ Ỳ

Ex.3 ỡ”ᴞτΣΪϥ Ộ ЯДи

Ex.2 χ Ộ ЯДиϬӟᴞχϢΞτϯйрЅʽ

Ὗπȟί ‫ π —ὲ ‐ π ὲ : ʼ ʼễӾʼЀШ˔Е
τḩβϥḢ ᴦ σ

ỘὥχІϺиФжϱІ̠ỡ”χὫᴮρΰοʼ τὨ

̞ὥ ρȟςȟȣτνΜοψEx. 2ρ ԁ



Competitive equilibrium models 26

Â ◕

Å ʿṛ τ ΰο ᶏԁ χЀУЍϽжІἷ ▀ḩ

ὣ ᾀὛ Ὓ ὑ
ὣ: ▀‰

ὛȟὛ : WC,BCχІϺи

ᾀ: ▀

ὑ: Ɫ ІЕАϼ

ᵰ τὨ ήϦ
θᵃ τΰθΥΞṪ χ ᴟψ Єϴϯ

‌ ȟ‌ πὨ τ

χẵ “
˹ӟᴞχVMP Ὧ(value-of-marginal -product: ᾢᵦ ▀ ᴣ ) Υ

Å ằẚ ʿ16~65⅞Ϙπχ Υ ΰοΣϤʼ῟ τṁξΦ ỘϬὨ

̞ ▀ ʿⱢ ρ χ ᴥτϢϣσΜ
▀χ ᴥϬ βϜχˢṪ ʼ῟ ᴟσςˣ

‬ὣ

‬Ὓ
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Ὧ ὥ: ᾤ iχ ỘaτΣΪϥІϺиІЕАϼ ‌: Ω “ и˔и

̞ỡ”ψ γΰϜ πψσΨʼ ṍ ὯὢτӢ βϥιΪπσΨʼ ▀ χⱲ
ḧ ϞʼЀШ˔Еṛ χ ᴟʼ τḩβϥЀШ˔Е῟ᴮσςχ ԍτֲốή
Ϧϥʽ

Ṫ χ ằẚ ψ ᾤ χІϺиằẚ χ

ὢ: ᾤ χ Ộ τḩβϥ ›ˢᾝ∕χІϺиФжϱІḯϚˣ

ІϺиФжϱІ ὶȟὶȡὸ ρȟςȟȣ ΣϢόὢψӟᴞχỡ” ὯϬ θβʽ

ᾤ ψ χὢτṁξΦʼ ỘϬ ʽ

WC/BCχ͎νχ ◕ τΣΜοʼ π ϣϦϥ ІϺиằẚ ΣϢόІϺи

ФжϱІΥVMP ὯϬ θβʽ

ὢχם∑χấ Υᾤ χ ρԁ ʽ
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ԁ ỡ”ЯДиχϘρϛ

Åỡ”ЯДиχ︠ḴʿˮТϰ˔ЖНАϼ˯῟ᴮΥ ├τϢϥֲốϬςχ ╙β

ϥΤρΜΞάρχ

Å Lee & Wolpin (2006)ψʼᵃẠ50 ḧχ ⁯τΣΪϥЂ˔РІ χᾼ χ

σ όχὨ ԍϬ ΰʼЀШ˔Еṛ χ ᴟϞ χ ᴞρΜμθằẚ

χ ԍϢϤϜʼ χ ԍˢṪ ᶗ Ϟ ʾⱢ ᴣᶊχ ΦˣχϕΞΥψϥ

Ττ πΚϥρΰθʽ

Åỡ”ЯДиχ τΣΪϥᴿ

Åỡ” τϢϤ χὓ▄ ᴻΥὥӸΜτ ᴥ

Å χД˔ЌЊ˔ІϬ ϙ›ϩδϥ ΥΚϤʼ ρ Υ₉
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ᶘϿ˔Эχ

ʿᴫ ◕ τΣΜοᵒ∕βϥʼ χḼỘχ ṍ σ ῀⌠ χ

ḼỘχ
ʾ ṍ σ ˢ╥ ʾ ʼ Ɫσςˣ
ʾ ṍ σ ˢᴣᶊʼ ▀ σςˣ

̠ ḼỘχ Ϟ τֲố

ЫиЀТḁ ỡ”(MPE: Markov perfect equilibrium)
ʿФйϱб˔χ Υ῀ΜτΩ ᴂρσμοΜϥ

ᶘϿ˔ЭτΣΪϥỡ”

βϓοχФйϱб˔ψ χФйϱб˔χᾝ∕ΣϢό τΣΪϥ“ τḩβ
ϥ ϬϜρτ ϬἹ ΰʼζχ χϜρπ χᶤԏᴣ χṍ
ϬΩ ᴟʽ
βϓοχФйϱб˔ΥἹ βϥ ψʼ χФйϱб˔χρϥ“ ρ › ʽ

βϓοχФйϱб˔ψᶆṍτΣΜοʼϕΤχФйϱб˔χ Ϭ ρΰθ
Bellman ꜠Ϭ ΰοDP ϬᵔΦʼζϦτϢϤ ήϦθ“ ρ τϢμ
οⱳχ Υםᾝʽάχᵃ τΣΜοʼ χṍτӢ δγτ τϢμοὨϘϥ
ỡ”ψʼ χФйϱб˔χ τ βϥΩ ᴂρσμοΜϥʽ
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ᶘϿ˔Эχṁ ЯДи

ḼỘiψᶆṍτΣΜοʼḢ╔ΰθ ϬϜρτӟᴞχ χᶤԏ χ Ὧ Φ
ṍ ϬΩ ᴟβϥϢΞτ“ Ϭ

ὸɴ πȟὝ: ṍḧ Ὥɴ Ὅ ρȟςȟȣȟὔ : ḼỘˢФйϱб˔ˣ

ὥ ᶰὃ πȟρȟȣȟὐ: tṍτΣΪϥḼỘiχ“

ὼḳ ὼ ȟὼ ȟȣὼ : tṍχ χΞκʼιϦτπϜḢ╔πΦϥẶ ꜡

‍ᶰ πȟρ: ᶤԏ

‐ḳ ‐ȟ‐ȟȣ‐ : tṍχ χΞκʼḼỘiτΰΤḢ╔πΦσΜ♆

Ὁ ‍Ὗ ὥȟὼȟ‐

ζϦηϦχḼỘψ
ʾ χᾝ∕ΣϢόיּ χ“
ʾ χẶ ꜡
ʾꜛ χ χ♆ χ
τ ΰοʼ ᶎם Ϭⱱνʽ

ὼȟ‐χ ӱτḩβϥḼỘχ︠Ḣ ᶎ ( )ψ ӱᶎ Ὂὼ ȟ‐ ȿὥȟὼȟ‐
τΰθΥΞϜχρβϥˢβϓοχḼỘτẶ σẶ ꜡ˣʽ
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Фйϱб˔iχ“ ψӟᴞχBellman ꜠πṜ ήϦϥʽ

ὦὼȟ‐ȟ‌ ÁÒÇÍÁØ
ᶰ
ὺ♪ὥȟὼȟ‐ : Фйϱб˔iχΩ ᴂ ḩ ˢ “χיּ τ βϥΩ ˣ

άχρΦЫиЀТḁ ỡ”ᵔψӟᴞ

‌ᶻὼȟ‐ ὦὼȟ‐ȟ‌ᶻ

ᴣ ḩ

ᴣ ḩ

tṍχṍ

“ Ⱳχ τ ϥṍ ῟
ΜγϦϜ ♆χיּ
τӢ βϥθϛʼ

ṍ Ϭρϥ
♪ ‌ ὼȟ‐ȡὭɴ Ὅ: Фйϱб˔χ ḩ ЦϼЕи
ˢḼỘiχ ψ ‐ȡὮ ὭτӢ ΰσΜˣ

ꜛ ӟᵰχФйϱб˔χ ψ
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ЯДиτΣΪϥᴠ

̙ᴠ AS-Game (Additive Separability) ʿᴥ

῟ ḩ ὟψẶ ꜡τḩβϥ ρ♆ τḩβϥ τ πΦϥʽ

Ὗὥȟὼȟ‐ όὥȟὼ ‐ ὥ ‐ ὥψЦϼЕи‐χὥ χ

̙ᴠ IID -Game (iid Unobservables )ʿ

♆ ЄдАϼ‐ψ῀Μτ π ԁχᶎ Ὃ ‐ τΰθΥΞʽ

̙ᴠ CI-X-Game (Conditional Independence of Future x) ʿ Ὧ Φ

t+1ṍχ ὼȟ ψtṍχ ὼȟτӢ βϥԁ πʼ‐τψӢ ΰσΜʽ

ὅὈὊὼ ὥȟὼȟ‐ Ὂ ὼ ȿὥȟὼ

ЯДиτΣΜοʼӟᴞχᴠ Ϭ βϥʽ
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ЄрϽиϵ˔ЅϴрЕЯДиρ τ

ᴣ ḩ (Emaxḩ ) ὠ♪ὼ ḳ ὠ᷿ ὼȟ‐ ÄὋ ‐ Ϭ βϥρʼ

ὠ♪ὼ ÍÁØ
ᶰ
ὺ ὥȟὼ ‐ ὥ ÄὋ ‐

Ὧ Φ ᶎ ЦϼЕиϬἜ♪ ὖ ὥὼȡὭȟὥȟὼᶰὍ ὃ ὢρβϥρʼ

άχᶎ ψʼḼỘ░ӟᵰχ♪ τΣΪϥʼḼỘ░χṍ ήϦϥ“ Ϭ βʽ

ˢ χיּ ψʼ χיּ ᶎ τϢμοḼỘὭτ ήϦϥˣ
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ᴣ ḩ τΣΪϥḼỘὭχṍ ψӟᴞχϢΞτ ήϦϥʽ

0Òὥ ὼȠ♪ ὖ♪ὥὼ

ὺϬὺπ βρʼḼỘὭχΩ ᴂ ᶎ ψ

♪ᶻʿMPE ʼἜᶻḳ ὖᶻὥὼȡᶅ Ὥȟὥȟὼ ʿMPE τ Ξ Ὧ Φ ᶎ

ρβϥρʼ ἜzψʼἜ ☻ὺ╟ȟ☻ὺ╟ ḳ ΏὥȿὺἜz ɇȟὼ ȡᶅ Ὥȟὥȟὼ χ ʽ

Фйϱб˔χ ᶎ ЦϼЕиτ ΰο σΩ ᴂ ᶎ ḩ Ϭ Ṱβϥρʼ

Browerχ τϢϤʼ σΨρϜԁνχỡ”ᵔΥ ∕βϥʽ

“χיּ Υ χⱲχ

Ὁ Ὗ ὥȟ‌ ὼȟ‐ ȟὼȟ‐ 0Òὥ ὼȠ♪Ὗ ὥȟὥ ȟὼȟ‐

“χיּ χ ᶎ

Ὅɇ: ◙ꜘḩ
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Ex. 4: ḁ ᴞχ╥ / Ͽ˔Э (Aguirregabiria & Mira (2007))

Å ṍʼᶆḼỘψᶆ◕ π Ϭ ỘβϥΤ Τˢὥ ρÏÒπx ϬὨ ʽ

Å ᶤήϦθᶆ◕ ψ τ ήΜʽ

ÅᶆḼỘψ1νχ◕ τ‰ˑ1 ΰΤ ΰσΜˢ ◕ π Ộᴦ ˣʽ

˜ ˜ ˜

◕ άᶰρȟςȟȣȟὓ

ḼỘὭḼỘρ ḼỘὔ˜˜

(1) ╥ χ◕ τ ΰο
Å ╥ βϥ ʿὥ ρ
Å ╥ ΰσΜʿὥ π ˷

(2)╥ ↄχ◕ τ ΰο
Å ỘὋ ʿὥ ρ
Å βϥʿὥ π

ζϦηϦχ ψ χḼ
Ộχ χֲốϬ Ϊϥ
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ÂḼỘ░χ ˢὸṍτ◕ άπ Ộˣ

Ὓ : tṍτΣΪϥ◕ mχЂϱЇˢẶ ꜡ˣ Ᵽ — ȟ— ȟ— ȟȟ— ȟ : ОжЮ˔Ќ

‐ : ḼỘiχ♆ ˢⱲḧӢ ˣ

ỘΰσΜ ›ʼṐᵓ ρΰο Ὗ π ‐ πϬ ϥϜχρβϥʽ

˜ ˜ ˜

◕ άᶰρȟςȟȣȟὓ

ḼỘὭḼỘρ ḼỘὔ˜˜

(1) ╥ χ◕ τ ΰο
Å ╥ βϥ ʿὥ ρ
Å ╥ ΰσΜʿὥ π ˷

(2)╥ ↄχ◕ τ ΰο
Å ỘὋ ʿὥ ρ
Å βϥʿὥ π

ζϦηϦχ ψ χḼ
Ộχ χֲốϬ Ϊϥ

◕ ṛ ḼỘρχẵ› ╥ᾧ
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άχЯДиτΣΜο ΥḢיּ ᴦ σ ψὼ Ὓ ȟὥ ȟ ÆÏÒᶅὭ

ḼỘχ ḩ ‌ ὼ ȟ‐ ψ ‮ ˢᶎ ˣπΚϤʼḼỘΥ◕ π Ộβϥ
ᶎ ψὖ ρὼ π ΠϣϦϥʽ

Aguirrebiria & Mira(2007) ψЎзχ ◕ χД˔ЌϬ ΜοЯДиϬ ʽ

5νχӰσϥ ỘτνΜοᾤ τ ὓϬ“Μʼᾧ ʼϯϼГϰУσḼỘ τ

βϥ χḇ׃ ʼЂрϼЀІЕΥʼ▀Ộḧχ ỘḼỘ χӸΜτ ΠϥֲốτνΜ

ο ΰοΜϥʽ

χ ệ

˹

ÂЯДи

̠ ψῇ (4 )
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ᶘϿ˔Эχ

Å Ex.4χϢΞσ σ πϜʼФйϱб˔ᾧ χ ϬḯϚ ›ʼ ἋḧΥ

◙ ḩ τ βϥʽ

Å Ex.3χẵ ỡ”ЯДиρ ʼάχЯДиπψΩ ᴂ ỡ” ὯρᾤˑχФйϱ

б˔χDP Υ Ϧ◓τσμθ ϬᵔΨ ΥΚϥʽ

Å tṍχὨ и˔иΥ “χt-1ṍχיּ τӢ βϥθϛʼὓ▄ΥϢϤ ╛ʽ

Å ΠϣϦθОжЮ˔Ќ τ ΰοʼ χỡ” Υ ∕βϥᴦ ΥΚϤʼὊᾓ

σЯДиϞ ᴥχ  Ϭ βϥ ›ΥΚϥʽ



3. Estimation methods for single-
agent models
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RustЯДиτ βϥ

NFXP (Rust(1987))

CCP (Hotz & Miller(1993))

NPL (Aguirregabiria & Mira(2002))

simulation -based CCP (Hotz et al.(1994))

̡ОжЮ˔Ќχ  έρτDP ϬᵔΨ

DP χẐᵔχἣϤ ΰϬᵕ
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NFXP: nested fixed point algorithm (Rust(1987))

  ОжЮ˔ЌϬ βϥᵰ и˔Ф(BHHH )ρʼΚϥ  ОжЮ˔ЌχϜρπ
ὓᵊ ϬᵔΨ и˔Ф( ├ orᴣ )Ϭ ϙ›ϩδθϜχʽ

Initialize :   ОжЮ˔Ќ ṍ Ᵽτ Ӫχ ϬᶤϤ Ϊʽ

Outer loop: BHHH τϢϥОжЮ˔Ќ  ʽ

ὰ—: ᾤ Ὥχ
ḩ

ÌÏÇὖϬ ϥθϛτʼОжЮ˔Ќχ 

έρτDP ϬᵔΦʼ Ὧ Φ ᶎ
Ϭὓ▄βϥ ΥΚϥʽ

ὝȡÆÉÎÉÔÅ̠ῇΰΦṑ (backward induction)

ὝȡÉÎÆÉÎÉÔÅ̠ᴣ or ├

˜Eq.(28)
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Inner loop: ᴣ (value function iteration) τϢϥᴣ ḩ ὓ▄ʽ

кЅАЕἷЯДиχᴠ τϢϤʼᴣ ḩ ὠψӟᴞχBellman ꜠ˢ™Ἷˣχ ρσϥʽ

̞“ ,ЦϼЕиχ ṰψІжϱЖp16╥

άχρΦʼ Ὧ Φ ᶎ ˢ™Ἷˣψ

ОжЮ˔ЌτνΜοχῠ ψ

!

˜Eq.(30)

˜Eq.(31)

˜Eq.(32)
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Bellman ꜠ϢϤʼJacobian“ ψ Ἔὥ— ὖὥὼȟ—ȡὼɴ ὢ

ᴣ ḩ χῠ Ϭʼ ᶓ σἹπ ϥάρΥπΦθ˹ᴠ CLOGITτϢϥDPẐᵔχ ▀

̞ᴣ ḩ ῠ ΥẐϛϣϦσΜ ›ʼὓ▄Υ₉ ʽ

˜Eq.(33)




