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ÅⱲἋḧNW χὊ ρΰοactivity - travel scheduling ϬṜ βϥЯДиϬᵠ

Å activity, location, timing, transportation mode χ Ϭ ᾝ

Å mixed recursive logit ЯДиϬ  βϥάρπIIA ϬḜ

Åᾝם σⱲḧ π ᴦ
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Åˮ移動は連続的な time interval 上での活動の派生需要˯

˹ϯϼГϰРГϰЦ˔ІχЯДиρψʼԁ χⱲḧˢⱢᾛ ˣϬᶆᶨ ρ
σӱ τᶤϤ ϥρΜΞ―Π

Å選択肢集合が膨大ρΜΞᴿ

Å χᵔΦ ʿᶆⱳᾕχ ϬMNLϞNLτ ᵔ̠ ԁ πσΜ

Å ԁ σ ᾝʿmulti -state network ˹ᶨ ʼῖ ︣ σςχ χNW

Å ♥ ›Ϭ ρΰσΜЯДиʿRLモデル

̠άχ ϙ›ϩδπ Ϊϥ

ÅRLЯДиχᴿ

Å IIA

Å σ Ⱳḧ
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ヒエラルキー構造を持ったアクティビティモデル

Bowman and Ben -Akiva(2001)

ÅϯϼГϰРГϰϒχ╥ᴥʼЌϱЬрϽʼ ʼῖ ︣
σςχ ϬКІЕ  τΰʼNLЯДиπ

ÅКІЕχ ϙ π ˑσНзϵ˔ЄдрΥΚϥ

Å ♥ Υ τσμοΰϘΞχϬ Ωθϛτ ᴟΥ

ÅϯϼГϰРГϰ ψ ╛σ ḩ  ϬⱱμοΜϥχπʼ
КІЕχ  Ϭם∑χ“ τ ΰο Ṱβϥάρψ₉

Å ╛σ χКІЕ  ψʼЯДи Υ₉
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RLによるアクティビティモデル

Activity network

ノードʿⱲ⁭ʼᶨ ʼ
τ ᴂリンクʿῖ ︣ ʼ

ⱳχЛ˔Жτ ᴂ

Å 1ЌϱЭІГАФ˹1

ÅϯϼГϰРГϰ˹ṁ 10 Ὃ ʼ зрϼ˹ήϣτ10 ט

Åӱ Ⱳḧψ10 χ πσΨοϜ Μˢ1 χ ˣ

Åᾤ έρχⱲἋḧ Ϭ―

Å Home ̠ ̃  ̠  Home χӱ ϬӌΞ

ῖ ︣ χṜ ψ
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RLによるアクティビティモデル

Modeling framework
ὼ ὼ

ὥᶰὃὼ

ὸὭάὩίὸὩὴὸ ρȟȣȟὝ

ᴼὪὩὥίὭὦὰὩὥὧὸὭέὲίὩὸ

ὃὧὸὭὺὭὸώὴὥὸὬ╪ ὥȟȣȟὥ

Å ᾤ ψ ựχ῟ ό ὥὼ ὺ ὥὼ ‘‭ὥ ρ χṍ ῟ χ ϬΩ ᴟ

Bellman 方程式χἹπ™ṑ τṜ ᴦ

Å ῏₯‮‭ὥ τ ỡ 0χi.i.dϹрЦи Ϭᴠ βϥρ

ϹрЦи τΣΪϥˮΩ χṍ ˯˹кϽЂЭ

将来の期待効用＝価値関数
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RLによるアクティビティモデル

Modeling framework
ὼ ὼ

ὥᶰὃὼ

ὸὭάὩίὸὩὴὸ ρȟȣȟὝ

ᴼὪὩὥίὭὦὰὩὥὧὸὭέὲίὩὸ

ὃὧὸὭὺὭὸώὴὥὸὬ╪ ὥȟȣȟὥ

Å ὼτΣΪϥзрϼὥχ ᶎ ψMNL

̠ Ч˔Ѕχ꜠Ϭ Μο Ἱΰοʼ

Å ϯϼГϰРГϰОІ╪ ὥ χ ᶎ ψ

̡ MNLτṑ
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RLによるアクティビティモデル
ὼ ὼ

ὥᶰὃὼ

ὸὭάὩίὸὩὴὸ ρȟȣȟὝ

ᴼὪὩὥίὭὦὰὩὥὧὸὭέὲίὩὸ

ὃὧὸὭὺὭὸώὴὥὸὬ╪ ὥȟȣȟὥ

利点

ÅЫиЀТ ϬβϦωΜΜχπЄЬв
й˔ЄдрΥ Ӭ

Åᴣ ḩ ΥкϽЂЭχἹπ ήϦϥχπ
├ ᴣϜ Ӭ

Å pre-tripἷχЯДиρӰσϤʼ ṍΰσΜϱЦрЕϒχreschedulingΥЄЬвй˔
Єдрᴦ

Å ♥ ›χᾢ Υ

欠点

Å MNL モデルと等価であるため，IIA特性がある

̠ άϦχḜ ʿmixed RL モデル
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Challenges

Activity network 

̠ Л˔Ж ʼзрϼ ʼОжЮ˔Ќ Υ ΨσϤΥκ

̠ ᾤ έρτNWχ ΥӰσϥ

̠ ὓ▄ Υᴿ
ḉRLχ ˹NFXP ʿᾝ∕χОжЮ˔Ќ♯“ τ ΰοᴣ ḩ ρζχ Ϭʼ
ʾᾤ έρτὓ▄βϥ ΥΚϥ

ˣ40,000зрϼʼ 15ᾤχꜛ КАЕм˔ϼτΣΪϥNRLЯДиכּ

̠ 2 ḧ Zimmermann et al. (2017)

Ϝΰʼ1000ᾤχ ʼ8νχᶨ ʼ4νχῖ ︣ ̠ Ω 32,000,000зрϼ

ⱲḧϬ60Ⱳ τ ╩ᴟΰθρΰθϣ̠ 1,920,000,000зрϼ
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Challenges

ÅὊ ЯДиτΣΪϥ ḩ˹physicalσὊ χ σϤ

ÅϯϼГРГϰОІ ЯДиτΣΪϥ ḩ˹ήϘίϘσ ḩ

Å αῖ ︣ Ϭ►Ξάρχ ḩ

ÅˢӰσϥⱲḧτˣ αᶨ Ϭ“Ξάρχ ḩ

Åῖ ︣ ρᶨ χ ḩ

etc...

̠ σКІЕ  πψṜ ᴦ
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Mixed Recursive Logit (MRL) model

Å зрϼχ ˹ᶨ ʼ ʼῖ ︣ χ
ὥ ὴȟὰȟά

Å ựχ῟ όὥὼ ὺὥὼ ‒ ὥ

’ᾀ ‭ὥ

‭ὥ ʿi.i.dϹрЦи τ Ξ῏₯‮

ᾀʿῖ ︣ ά ᶰρȟȣȟὓτνΜοά άᴂχρΦᾀ ρρσϥЍЬ˔

’ʿ ỡ0ʼ ╩Ặ ╩“ ɫχ ṛ τ ΞὓⱳᾕχжрЍЭЦϼЕи

ῖ ︣ Ϭ τ ḩχṜ Ϭ ˢᾤ nχ ΠⱫϬ ˣ

Å ‒ ὥ ’ᾀ –ώ ‭ὥ

χⱳᾕχ ♥ὯᶰρȟȣȟὑΥᴥϩμθ ›

ὓ ὑⱳᾕЦϼЕи ’Ƞ–ψ ╩Ặ ╩“ ɫτ Ξ

Å χ σςʼ ♥ Υ ΜⱲ ̠ Ϭ ΰοжрЍЭОжЮ˔Ќ Ϭ ᾢβϥ

Å ОжЮ˔ЌЦϼЕи ‍ Υ ṛ ὔ Ӷ‍ȟɫτ ΞρΜΞᵔּתϜᴦ

̠ άχⱲχ ὺ˹ᾤ έρχ ỡ Τϣχ ₯ʽνϘϤʼ‍ ȟ
Ӷ‍ ὺ

῟ ᶎ ‮
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MRL モデルの特性

ɫ

„ Ễ „ȟ

ể
Ệ
„

Ệ

ể

„Ȣ Ễ „

Å„ʿ αῖ ︣ Ϭ►ΞάρτϢϥ ḩ

Å„ ȟ ʿӰσϥῖ ︣ ḧχ ḩ

Å„ȟʿӰσϥⱳᾕḧχ ḩψ ᶑϢτ‮

Ϥ ᾝ

ÅὊ χ῟ ό╪ὼ В ὺὥὼ ‒ὥ

̠ В ‒ὥ χԁʼψ‮ χӰσϥⱲḧ πχ ⱨΰθ“ τḩβϥẶ ╩
Ϭ

̠ ϯϼГϰРГϰОІḧχ ḩϜṜ ᴦ
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実例

ὥ
ὥ

╪
╪

Å carʼpublic transport(PT) ʼsocial activity χ3νχ῏₯Ϭ‮ Ṱ

˹ 3νχ ♥ᾧ ‮ ὃὛὅ ȟὃὛὅ ȟὧ Ϭ―ΠʼάϦΥ ỡ Ӷ‍ ȟӶ‍ ȟӶ‍ ʼ

ɫ

„ π π

π „ π

π π „

╩Ặ ╩“ Ϭⱱνάρρ

Å ὼ˹ 9:00τᴪτΜϥ ʼὥ˹carπ▫Ⱨτ“Ψᶨ ʼ ὥ˹PTπ▫Ⱨτ“Ψᶨ ρβϥρ

῟ ᶎ ψ‮

ὢ ὥȿὼʿ ЦϼЕи
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実例

╪
╪

╪
╪

Å 4νχϯϼГϰРГϰОІχ῟

Å 4νχϯϼГϰРГϰОІχ ╩Ặ ╩“ ὓ
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MRL の最尤推定法

NFXP ʿᴣ ḩ χὓ▄ρОжЮ˔Ќχ  ϬἣϤ β ̠ ₈ᵕψ►ϩσΜ

̠ 選択肢サンプリング

Å —Ϭ₤› Ὢ‍ȿ—χОжЮ˔Ќρβϥ ˹₈ᵕψ —ψ‍χ ṛ χ ỡ ρ ₯

Å ЂрФиὅχᴞπχϯϼГϰРГϰОІ╪χ ᶎ ψ

ὡ

Å ϯϼГϰРГϰОІχḢ ˹ὔʿ ╪ ȟȣȟχρΦ ḩ ψ

Υ full choice set ὅ τӢ ΰοΜϥθϛʼὓ▄ ᴦ

̠ Guevara and Ben-Akiva(2013)τṁξΦʼὡ ρρựⱨ

https://www.sciencedirect.com/science/article/pii/S0191261513001471

https://www.sciencedirect.com/science/article/pii/S0191261513001471
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MRL の最尤推定法

対数尤度関数

̠ ψЯрГϸикЄЬвй˔Єдрτ
ϢϥẐᵔΥ

Ϭ ╩ ‍χ Ϥπ ỡβϥάρπựⱨᴦ ╩ ‍χ ψ Ὢ‍ȿ—ΤϣжрЍЭτ ϐΤʼ
Ӥ π ḧᶖτ ϐ

擬似対数尤度関数

άχ︣ τϢϥОжЮ˔Ќ χ τνΜοψ
Guevara and Ben-Akiva(2013)Ϭ╥

Å ₈ᵕψ‍ψHalton Τϣ жрЍЭτ

Å ЂрФиὅψ ṍОжЮ˔Ќτ βϥRLЯДиϬ ΜθЄЬвй˔ЄдрτϢμο ΰ
οϜʼ ӪχὊ ϯиЁзЇЭτϢμο ΰοϜΜΜ



4. Application

2019/5/31 18

Data –Stockholm 2004

Å 1 χ6:00-23:00χϯϼГϰРГϰЍϱϯз˔ϬṜ

Å ▫ⱧϬΰοΜοʼ6:00ϢϤῇτ Ỡΰʼ20:00ϢϤ τṑ βϥ τᾢ

Å 1 χβϓοχЕзАФϬּכπ“ΞΤʼּכϬԁ Ϝ►ϩσΜ τᾢ

Å 3,150ᾤχϯϼГϰРГϰІϾЅв˔иϬ︡

ᶆЕзАФχⱱν

Ⱳḧʼ Ⱳḧʼ ῖ ︣ ʼ π“μθᶨ ʼ χ ʼ Ὃ Ⱳḧ

ᾤ
ᴥΠοỠ Ⱳḧψᾧ Τ
ςΞΤϜ Μθ

Å ᾤ χⱲἋḧ χ

Å ῟ ḩ χ
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記述のルール

ὼχ

時刻 ὸɴ υὥάȟρρὴάʿ 1 έρχЌϱЭІГАФτ ╩ᴟ

場所 ὰɴ ὒʿ ІЕАϼШиЭϬ1240Ћ˔рτ ᶤΰʼζχΞκχԁν

活動 ὴɴ ὖʿsocialʼrecreationalʼshop smallʼshop mediumʼshop largeʼhomeʼworkʼ
escort children

Errand indicator Ὡɴ πȟρȟςȟσʿ χ ⱧϬΜΨν ήδθΤ

車の有無 ‏ ᶰπȟρʿ0σϣּכψ►ΠσΜʽ1πʼΤνּכπᵰ ΰθ ›ṑϥϘπּכ

ᶨ ὥχ

活動 ὴɴ ὖʿ ΠοϜ ΠσΨοϜΜΜ

場所 ὰɴ ὒʿ ΠοϜ ΠσΨοϜΜΜ

交通手段 άᶰὓʿּכʼ῝Ặῖ ʼ ʼꜛ χΜγϦΤכּ

Å ᶨ χὋ Ⱳḧψ10 ӡʼӱ τΤΤϥⱲḧψ1 ӡ

Å ⱲἋḧ ψʼ ᴦ σ ♥χ῟ Ϭ Њτβϥάρπ ᾝβϥ
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効用関数

ᾤ nχ ὼ ὸȟὰȟὴȟὩȟ‏ τΣΪϥ“ ὥ ὴȟὰȟά χ῟ ᶎ ‮ ὺ ὥȿὼ

˹ ὰ̓ ῖ ︣ άʼᶨ ὴᴂχ῟ χ ρ Ṱ

交通手段 □の効用 ὺȟ ὰȟὰȟὸ

“Ⱳḧ

Ỳ κⱲḧ

Ћ˔р ӱ ЍЬ˔

τᾤ Ϭ ΰʼΜΨνΤχОЌ˔рπ Ϭ“μθ
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ῖ ︣ Ὣᴮ
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効用関数

活動▬の効用

Å Ⱳ⁭ὸ ὸ Ὕ ὰȟὰȟὸτᶨ ὴϬᵫ◐

Å άχⱲχ῟ ψᶨ Ϭ◐ϛϥⱲ⁭τӢ βϥ ὧ ὸᴂρʼᶨ Ϭ◐ϛϥⱲ⁭ρὋ Ⱳḧ

τӢ βϥ῟ ὺȟ ὸȟЎ τϢμοὨϘϥ

Å ΜΨνΤχᶨ τЌϱЭІГАФ ὝτϢμοӰσϥОжЮ˔Ќ —ȟ ȟὧȟ Ϭ―Πϥ

Å ζϦӟᵰχᶨ ψОжЮ˔Ќ Ϭ ᾢβϥθϛʼⱲḧ Ӣ χ ὧρβϥ

Å Ⱳ⁭ὸτᶨ Ϭᵫ◐βϥᾢᵦ῟ ὺὴȟὸψОжЮ˔Ќ —ȟ χΩự

ὝȟὝ ὸɴ ὝȟὝ χḧπχ Ἱ ḧτϢϤ ΠϣϦϥ

Å άχⱲʼὋ Ⱳḧ Ў χᶨ χ῟ ὺȟ ὸȟЎ ᷿
Ў
ὺὴȟ†Ὠ†

Å ὧτᾤ ˢ ʼ◓ςϜΥΜϥЍЬ˔ˣϬ ΰʼΜΨνΤχОЌ˔рπ

Ϭ“μθ

ˣὧ ȟ ὪέὶὝᶰφὃὓȟχὃὓȟψὃὓȟωὃὓȟρπὃὓ
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ᶨ Ὣᴮ



4. Application

2019/5/31 24

効用関数

場所■の効用

Å ЂϱЇОжЮ˔Ќ —ȟ ʼζχ πᴦ σϯϼГϰРГϰχ ‎ȟτϢμοὨ

Å ῟ ḩ

Å ὛψϯϼГϰРГϰ ὴχЂϱЇ χ ʼЂϱЇ ὼȟȟψ Πω ὰχΚϥЈϼ

Ќ˔ χ ỘԌ σς

Ὣᴮ
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相関構造

ῖ ︣ τΣΪϥ ḩ  ϬṜ βϥθϛτ

♥ᾧ ‮ ὃὛὅ ȟὃὛὅ ȟὃὛὅ ȟὃὛὅ Ϭ

ỡ ЦϼЕи Ӷ‍ ȟӶ‍ ȟӶ‍ ȟӶ‍ ʼ

╩Ặ ╩“

Ϭⱱν τ μοжрЍЭτ ήδϥʽ

ОжЮ˔Ќ ὃὛὅ ȟὃὛὅ ȟὃὛὅ Υ

ζϦηϦ σ ὔ Ӷ‍ ȟ„ , ὔ Ӷ‍ ȟ„ ,  ὔ Ӷ‍ ȟ„ τ μο βϥρΰθ ›ρ
ᶓʽ
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状態空間の拡張

̠ σᶨ ʾӱ χ χḧχԁḤ ʼ ῀Ӣ Ϭ Πϥ

bike tour dummy ‏ ᶰπȟρʿꜛ πᴪϬכּ θρΦ1Ϭ︡ϥЍЬ˔

̠ ꜛ πᴪτṑϥᶎכּ Υ‰Μψγ

ὃὛὅ ȿ‏ ʿꜛ πᴪϬכּ θρΦχꜛ χכּ ♥ᾧ

ὃὛὅ ȿ‏ ʿꜛ πᴪϬכּ θρΦχ῝Ặῖ χ ♥ᾧ

ὃὛὅ ȿ‏ ʿꜛ πᴪϬכּ θρΦχ χ ♥ᾧ

̠ ῖ Ṑḩ χ ♥ᾧ ὅὛὃϬ‮ ὃὛὅȿ‏ ɇ‏ π ΦḊΠϥ

˹ԁ χБϯ˔ χῖ Ṑḩ χԁḤ Ϭ ΠϥάρΥᴦ
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推定結果

1. MNLЯДи

2. MNLЯДиˢ Ἃḧχᶈ ΚϤˣ

3. MXLЯДи

4. MXLЯДиˢ Ἃḧχᶈ ΚϤˣ

5. MXLЯДиˢẶ ╩„ ȟ ʼ Ἃḧχᶈ ΚϤˣ χ5ОЌ˔рπ

Å Halton Τϣ500ᾤχ ⱫϬ︡Ϥ ΰʼṫⱨ ḩ Ϭὓ▄

Å Ὂ χ ♥ ›ψBlom Vąstberg et al. (2016)π ήϦθОжЮ˔Ќ Ϭ ṍ ρΰο

Å ᶆ ♥ ›τνΦʼḢ ήϦθὊ ♥ӟᵰτ600ᾤχ ♥Ϭ
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推定結果の解釈（交通手段選択）
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推定結果の解釈（交通手段選択）

Å ♥ᾧ ψ‮ Ӫτ0ρψӰσϥ̠ ῨχӰל

Å MXLЯДиˢ Ἃḧχᶈ ΚϤˣπψʼPTχ ₯ψ0ρϕϖ α

˹ἰ ὃὛὅ ȿ‏ ΥPTχ Ῠχ῏₯Ϭ ΨẊ ΰοΜϥ

Å 5 χЯДиπψẶ ╩„ ȟ ψ

˹ walkρPTχςκϣΤϬῨϛωʼϜΞ ψῨϘσΜἱΰ

˹ᾤ ψ ԁχῖ ︣ Ϭ ῨβϥἱΰΥΚϥχπ χ2νχ ϙ›ϩδπϜ
χἱΰΥΚϥρ ήϦϥ

Å Ἃḧχᶈ Ϭ“μθρΦχὫᴮψ Ϥ

Å ψּכϬ ΰγϣΨʼꜛ Ϭכּ βϥἱΰΥΚϥρΜΞάρσςϜ Τϥ

ÅЯДиχ › ψMNLϢϤMXLχ Υ‰Μ

Å ⱲḧψMNLπ30 ʼMXLπ3Ⱳḧ
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In-sample fit ˢῖ ︣ τ ΰοˣ

Å RLχ ᶎ ꜠τṁξΜοʼԁ τνΦ1000ᾤχІϾЅв˔иϬ βϥ

Å mixed RLχ ›ʼᾤ έρτʼ ήϦθ ỡ Ӷ‍ρ ₯„πὨϘϥ Τϣ
ԁν Ϭ ΰʼОжЮ˔Ќ ρβϥ

Å σMNLϞMXLψם∑χḢ ϢϤϜ χῖ ︣ Ϭԁ τ ΰοΰϘΞ
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In-sample fit ˢῖ ︣ τ ΰοˣ

Å τPT+BikeʼWalk+Bikeχ ᶎ ψMNLϞMXLπ τ‰Μ

̠ Ἃḧχᶈ ΥЯДиχ οψϘϤϬ ΦΨᵠ ΰοΜϥ

Åם∑ψЯДиχoverspesification τνσΥϥᴦ ΥΚϥ̠χκτṳ
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代替パターン

Å 17:00~19:00χPTχᴿỲϬ―Πϥ

Å Κϥ7ОЌ˔рχІϾЅв˔иχ ᶎ χ ᴟϬwith/without π ᶓ

Ѕв˔и ̡ᴿỲⱲḧτPTϬ►ΞІϾЅв˔
иψ ήϦσΨσϥ

Ѕв˔и

̡ οχ ♥χ ᶎ Υ α
ᶤ›π ᴟβϥ
˹IIA χ
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代替パターン

Å 17:00~19:00χPTχᴿỲϬ―Πϥ

Å Κϥ7ОЌ˔рχІϾЅв˔иχ ᶎ χ ᴟϬwith/without π ᶓ

̡PTϬ► βϥχψ ϩϣγʼṑ
ⱲḧϬγϣβ ♥ψ ᶎ
Υ ΦΨ Υϥ

̡PTϬ► ΰσΜ ♥ψΚϘϤ
ΥϣσΜ
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代替パターン

Å 17:00~19:00χPTχᴿỲϬ―Πϥ

Å Κϥ7ОЌ˔рχІϾЅв˔иχ ᶎ χ ᴟϬwith/without π ᶓ

̡PTρwalkχẶ ╩ψ
˹walkϬ►Ξ ♥ψ τ ᶎ
Υ ΥϤτΨΜ
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交差検証（out -of -sample fit ）

Ḣ Д˔Ќ
training set ˢ1700ᾤˣ

validation set ˢ▪Ϥˣ

жрЍЭτ2νχsetτ ΪθϜχϬ
13ОЌ˔р Ӫ

̠ training set π ΰθОжЮ˔Ќχvalidation set ϒχ οψϘϤϬᾁ

対数尤度損失

13回の平均

Ὕʿ validation set i

‍ʿtraining set i Τϣ ΰθОжЮ˔Ќ
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交差検証

Ἃḧχᶈ ϬβϥάρπʼЂрФиᵰϒχ οψϘϤϜϢΨσϥ
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Å ḩ  ϬӌΞЯДиπʼᾝם σⱲḧ πχ Ϭᴦ τΰθ

Å χЯДиϢϤϜIIA ϬḜ ΰʼЯДиχ Ϭΰ ήδθ

Å ♥ЂрФзрϽρΜΞ︣ Ϭ ΜοϜʼЂрФиᵰϒχЯДиχ › Ϝ
χЯДиϢϤ‰Ψʼ σ ♥χ ОЌ˔рϬ™ᾝπΦθ

ᴮ

Åᾝםτψʼ “Ξ χσΜᶨ Υ Ψ ∕

̠ ЯДиχЌϱЭІОрϬ ḧτᶈ βϥάρΥ

Åӱ ⱲḧϬᵰ τ ΠϥχπψσΨʼзрϼТк˔χḩ ρβϥχΥ

̠ Dynamic Traffic Equilibrium (DTA) model ρ ϙ›ϩδθЯДиΥᾁ ᴦ

₈ῇχ


