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Abstract

In Japan, there are the high risks of face many types of natural disasters. Connectivity whether

passable emergency transport roads connect important bases or not in disaster is very impor-

tant. In this paper, we propose the method with an eigenvalue analysis of the Laplasian matrix

to estimate connectivity. This method focuse on eigenvector elements corresponding to the 2nd

minimum eigenvalue. Connectivity evaluated by this method is considered relative importance

of each link to function the whole of the road network.

1 ͡Ίʹ
ຊɺେنͳͲଟ͘ͷࣗવݟʹࡂΘΕͯ

͖ͨɻ͜ͷΑ͏ͳ࣌ࡂʹ͓͍ͯɺਝͳආٹ

ԉࢿͷ༌ૹͳͲɺಓ࿏͕୲͏ׂ͖ඇৗʹେ

͖͍ɻͦ͜Ͱɺ࣌ࡂʹੜ͡Δٸۓ༌ૹΛԁߦʹ

͏ͨΊɺٸۓ༌ૹಓ࿏͕࣏ࣗମʹΑͬͯࢦఆ͞Εͯ

͍Δɻ͜ͷٸۓ༌ૹಓ࿏͕࣌ࡂʹ͓͍ͯ௨ߦՄ

ͳঢ়ଶͰ࿈͍݁ͯ͠Δ͔Ͳ͏͔ͱ͍͏ʮ࿈݁ੑʯ

ΛධՁ͠ɺ్ઈ͕ൃੜ͢ΔͱਙେͳӨڹΛٴ΅͠͏

ΔΫϦςΟΧϧͳϦϯΫΛಛఆ͠ɺࣄલʹڧԽͯ͠

͓͘͜ͱ͕ॏཁͱͳΔɻΫϦςΟΧϧͳϦϯΫΛಛ

ఆ͢Δख๏ͱͯ͠ɺϦϯΫ͕ODϖΞͷ࠷ܦ࿏

ͱͳ͍ͬͯΔ߹͍ΛධՁ͢Δഔհத৺ੑͳͲͷߟ

͑ํଘ͢ࡏΔɻ͔͠͠ɺ౦ຊେࡂͷΑ͏ͳɺ

ස͕ͩҬʹਙେͳඃΛͨΒ͢ࣄʹ͓͚

Δ࿈݁ੑΛ͑ߟΔ߹ɺϦϯΫ͕ωοτϫʔΫશମ

ͷ࿈݁ੑʹ༩͑ΔӨڹ (੬ऑੑ)ɺҬͷࣄΛର

ͱ͍ͯ͠Δ͜ͱ͔ΒɺେنͳωοτϫʔΫ্ʹ
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͓͚ΔେͳϦϯΫͷΈ߹ΘͤΛѻ͏ඞཁ͕͋Γɺ

༰қʹධՁ͢Δ͜ͱࠔͰ͋Δɻͦ͜ͰɺຊߘͰ

େنͳωοτϫʔΫͷ੬ऑੑධՁʹରͯ͠ɺಓ

࿏ωοτϫʔΫͷϥϓϥγΞϯྻߦͷݻ༗ղੳΛ

ద༻͢Δํ๏ΛఏҊ͢Δɻ͜ͷख๏Λ༻͍Δ͜ͱͰɺ

ωοτϫʔΫ ʠ͕େ͖͘ 2ͭʹʡׂ͞ΕΔΑ͏ͳ

ʹର͠ɺωοτϫʔΫͷ࿈݁ੑʹର͢Δ֤Ϧϯࣄ

Ϋͷ૬ରతͳॏཁΛ 1ճͷݻ༗ɾϕΫτϧࢉग़

Αͬͯಋग़Ͱ͖Δɻʹࢉܭ

2 ༗ղੳʹΑΔ੬ऑੑධՁݻ

2.1 ϥϓϥγΞϯྻߦ

͡ΊʹϥϓϥγΞϯྻߦͷੑ࣭ʹ͍ͭͯઆ໌͢

Δ [1]ɻ·ͣɺಓ࿏ωοτϫʔΫʹ͓͚ΔϦϯΫͱ

ϊʔυͷؔΛྡྻߦͰهड़͢ΔɻྡྻߦAͷ

 aij ɺωοτϫʔΫͷϊʔυ iͱϊʔυ j ͕

ϦϯΫͰଓ͍ͯ͠Δͱ 1Λɺඇଓͩͱ 0Λهड़

͢Δɻ֤ϊʔυ͔Βग़͍ͯΔϦϯΫͷ࣍ͱݺ

Εɺ͜ͷ࣍Λର֯ͱͨ͠ྻߦΛ࣍ྻߦD

ͱ͢ΔɻຊߘͰɺϦϯΫͷڑ͕͍΄ͲஅϦ

εΫ͕͍͜ߴͱΛද͢ݱΔͨΊɺྡྻߦͷΛ

ϦϯΫ͞ (km)ͷٯͱ͢Δɻ͜Εʹ͍ɺ࣍

ߦͷର֯ɺ֤ϊʔυʹଓ͍ͯ͠Δྡྻߦ

ྻͷͷ߹ܭͱͳΔɻྡྻߦ Aͱ࣍ྻߦ D

Λ༻͍ΔͱɺϥϓϥγΞϯྻߦ LD−AͱͳΔɻ

2.2 ඪࢦ༗ϕΫτϧʹΑΔ੬ऑੑݻ

ຊߘͰఏҊ͢Δ੬ऑੑධՁʹɺϥϓϥγΞϯߦ

ྻͷୈೋ࠷খݻ༗ʹରԠͨ͠ݻ༗ϕΫτϧʢϑΟʔ

υϥʔϕΫτϧʣΛ༻͍Δɻ͜ͷϑΟʔυϥʔϕΫ

τϧɺୈೋ࠷খݻ༗ͱͱʹ࿈݁ੑΛࣔ͢ࢦඪ

ͷҰͭͰ͋Δ [2]ɻ͜ͷݻ༗ϕΫτϧ bͷ֤ɺ

ϊʔυ͝ͱʹఆٛ͞ΕΔࢦඪͰ͋ΓɺຊߘͰϦϯ

Ϋ (i, j)ͷ੬ऑੑධՁ vij ͱͯ͠ɺҎԼͷΑ͏ͳ྆

ͷϊʔυʹରԠ͢Δݻ༗ϕΫτϧͷࠩͰఆٛ

͢Δɿ

vij = |bi − bj |

͜͜Ͱɺbiϊʔυ iͷݻ༗ϕΫτϧͷͰ͋

Δɻ͜͜ͰɺখྛΒ [3]͕ࣔ͢Α͏ͳɺωοτϫʔ

Ϋʹ͓͚ΔϦϯΫΛόωʹɺϊʔυΛ࣭ͱͨ͑ߟ

όωͱ࣭ܥͷΞφϩδʔΛ͑ߟΔͱɺݻ༗ϕΫτ

ϧͷͷࠩόωʹ͔͔Δ࠷େுྗͷઈରͱͳ

Δɻͭ·Γɺ੬ऑੑධՁ͕େ͖͍΄ͲετϨεͷ

͔͔ΔϦϯΫͰ͋Γɺ૬ରతʹΫϦςΟΧϧͳϦϯ

ΫͰ͋Δͱ͑ߟΔ͜ͱ͕Ͱ͖Δɻ

3 ੬ऑੑධՁͷૅجతಛੑ

3.1 ҰͳωοτϫʔΫۉ

ҎԼͷࣜͰғ·ΕΔɺϦϯΫͷڑ͕શͯ 1ͱͳ

Δ୯७ͳॎͷԾωοτϫʔΫΛ͑ߟΔɻͳ͓ɺ

ઢ͕ަࠩ͢Δ෦ʹϊʔυΛઃ͚Δɻ
{

x = 5, 4, 3, ...,−5 ɹ

y = 15, 14, 13, ...,−15

ਤ ՌΛࣔ͢ɻ݁ͨ͠ࢪ༗ղੳΛ࣮ݻʹ1
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ਤ 1: ҰͳωοτϫʔΫۉ

ਤ 1ΑΓɺݻ༗ϕΫτϧͷ࠷େ͕ y = 15

ʹ͋Δϊʔυɺ࠷খ͕ y = −15 ʹ͋Δϊʔυͱ

ͳ͓ͬͯΓɺத৺ͱͳΔ y = 0Ͱਖ਼ෛ͕ೖΕସΘΔɻ

yํͷ͖ʹண͢Δͱɺ͕ 0ͱͳΔωοτ

ϫʔΫͷத৺ʹ͍ۙ΄Ͳ͖ٸͱͳΓɺΕΔ΄

Ͳ؇͔ʹͳΔɻͭ·ΓɺॎํϦϯΫʹ͍ͭͯɺ

ωοτϫʔΫͷத৺ʹ͍ۙ΄ͲධՁ͕͘ߴͳΔɻ

ҰํɺxͷมԽʹΑΔϕΫτϧͷมԽ ۃʹ0

Ί͍ͯۙɻͭ·ΓɺԣํϦϯΫͷධՁͲͷ෦

ʹ͓͍ͯඇৗʹখ͘͞ͳΔɻ͜ͷωοτϫʔΫ

ॎʹ͘ԣʹ͍ͷͰ͋ΓɺωοτϫʔΫͷ

அԣํͷϦϯΫΑΓॎํͷϦϯΫ్͕ઈ͢

Δ͜ͱʹΑͬͯ͜ىΔՄੑ͕͘ߴɺຊߘͰఆٛ͠

ͨ੬ऑੑࢦඪಉ༷ͷಛΛ͍ࣔͯ͠Δɻ͞Βʹɺ

͜ͷ੬ऑੑࢦඪͰಉҰ݅ͷ߹ɺΑΓத৺෦Λ

அ͢ΔϦϯΫ΄Ͳେ͖͍ΛͱΔಛ͕͋Δ͜ͱ

͕͔Δɻ

3.2 ੬ऑ෦Λઃ͚ͨωοτϫʔΫ

ҰͳωοτϫʔΫʹ͓͍ͯɺ−5ۉ ≤ x ≤ −1ͱ

1 ≤ x ≤ 5ʹ͓͚Δ 5 ≤ y ≤ 10ͷ෦ΛΓऔͬͯ

੬ऑͳ෦Λઃ͚ͨωοτϫʔΫͰղੳ͢Δɻͦ ͷ݁
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ՌΛਤ 2ʹࣔ͢ɻy࣠ରশͰ͋ΔͨΊɺ−5 ≤ x ≤ 0

ͷ෦ͷΈͷ݁Ռࣔ͢ɻ
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ਤ 2: ੬ऑ෦Λઃ͚ͨωοτϫʔΫ

ਤ 2ΑΓ੬ऑͳ෦Ͱ͋Δ 5 ≤ y ≤ 10ͷ෦Ͱ

༗ϕΫτϧͷ͕େ͖͘มԽ͍ͯ͠Δ͜ͱ͕ݻ

͔Δɻͭ·Γɺ੬ऑͳ෦Ͱݻ༗ϕΫτϧͷ

ͷ͕ࠩେ͖͘ͳΔ͜ͱ͕֬ೝͰ͖Δɻ·ͨͷਖ਼

ෛͷڥ͕੬ऑͳ෦ʹҾ͖ͤدΒΕ͍ͯΔ͜ͱ͕

͔Δɻ੬ऑͳ෦֎ͷͷมԽΛΈΔͱɺωο

τϫʔΫͷத৺Ͱ͋Δ y = 0ͷ෦ΑΓɺݻ༗ϕ

Ϋτϧͷ͕ 0Ͱ͋Δ y = 4ۙͷํ͕มԽ͕େ

͖͍ɻ͜ͷ͜ͱ͔ΒɺຊߘͰड़ΔωοτϫʔΫͷ

த৺ͱ͍͏ͷɺݻ༗ϕΫτϧͷͷਖ਼ෛ͕ೖΕ

ସΘΔ෦Ͱ͋Δͱ͍͏͕ࣄͰ͖Δɻ

3.3 ϊʔυΛີʹͨ͠ωοτϫʔΫ

ઌ΄Ͳͷ੬ऑͳ෦Λઃ͚ͨωοτϫʔΫʹ͓͍

ͯɺ−5 ≤ x ≤ 5ͷ −5 ≤ y ≤ −15ͷ෦ʹɺ֤ަ

ࠩϊʔυͷதؒʹ৽ͨͳϊʔυΛ͚Ճ͑ͨωοτ

ϫʔΫΛ͑ߟΔɻݻ༗ղੳͷ݁ՌΛਤ 3ʹࣔ͢ɻ
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ਤ 3: ϊʔυΛີʹͨ͠ωοτϫʔΫ

༗ϕΫτϧͷ͕ݻ 0ͱͳΔͷ y = −5ۙ

ͱͳΓɺத৺͕ϊʔυΛີʹͨ͠෦ଆҠಈͨ͠ɻ

͜ͷҠಈʹ͍ɺ੬ऑͳ෦ͷͷมԽ͕ਤ 2ͱ

ൺֱͯ͠খ͘͞ͳͬͨɻ͜ͷΑ͏ʹɺಉ͡ϦϯΫߏ

ͷωοτϫʔΫͰ͋ͬͯɺϊʔυͷஔ͓Αͼ

ʹΑͬͯධՁ͕ҟͳΔ͜ͱ͕͔Δɻ

4 ࣮ωοτϫʔΫͷ੬ऑੑධՁ
ɾ౦ւํͱͦͷपลݝͷ࣮ٸۓ༌ૹಓ࿏ωο

τϫʔΫʹରͯ͜͠ͷख๏Λద༻͢Δɻ͜ͷωοτ

ϫʔΫ 5849ϦϯΫɺ3954ϊʔυͰߏ͞Ε͍ͯ

Δɻ·ͣɺݻ༗ϕΫτϧͷͷΛਤ 4ʹࣔ͢ɻ

ਤ 4: ༗ϕΫτϧͷݻ

ϊʔυɺํΛத৺ͱ͢Δෛͷάϧʔϓ

(1384 (ݸ ͱ౦ւํΛத৺ͱ͢Δਖ਼ͷάϧʔϓ

༗ϕΫτϧ͕ݻ͔ΕΔɻʹ(ݸ2570) 0ʹ͍ۙΛ

݁ͿઢΛҾ͘͜ͱΛ͑ߟΔͱɺᒵ৭ͷઢΛҾ͘͜ͱ

͕Ͱ͖ɺ͜ͷઢ͕ωοτϫʔΫͷத৺ઢͱ͑ݴΔɻ

ωοτϫʔΫͷத৺ϊʔυ͕ີͳ෦ʹҾ͖ͤد

ΒΕΔ͜ͱΛલষͰ֬ೝ͕ͨ͠ɺํͷີͳ෦

ͱɺதژݍࢢͷີͳ෦ͷؒʹઢ͕௨Δ͜ͱ͔

Β͜ͷಛੑΛ֬ೝͰ͖Δɻ

ධՁΛਤ 5ʹࣔ͢ɻධՁ͕࠷͍ߴάϧʔϓ

ͷϦϯΫ৭Ͱࣔ͞Ε͓ͯΓɺذෞݝͷڥݝΛލ

͙ಓ࿏ͱɺಓͷถ͔ݪΒರլۙͷಓ࿏Ͱ͋Δɻ

͜ΕΒͷڥݝΛ͙ލಓ࿏ຊ͕গͳ͘ɺ੬ऑͳ෦

Ͱ͋Δ͜ͱײతʹཧղ͢Δ͜ͱ͕Ͱ͖ɺ͜ͷ

ख๏ʹΑΔධՁ͕ଥͳͷͰ͋Δ͜ͱΛ࣋͢ࢧΔ

݁Ռͱͳ͍ͬͯΔɻઌड़ͷಓʹண͢Δͱɺฏ

ಓ࿏ߴಓධՁ͕͍ɻࠃ௨Δͯ͠ߦ 1۠ؒ

ͷڑ͕͍ͨΊɺ1ϦϯΫͷஅʹΑΔ࿈݁ੑͷ

Ө͕ڹେ͖͍ͱղऍ͢Δ͜ͱ͕Ͱ͖Δɻ

ᒵ৭ͷϦϯΫධՁ͕৭ʹ͍࣍Ͱ͍ߴάϧʔ
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ਤ 5: ධՁ

ϓͰ͋Γɺ৭ϦϯΫͷपลͰଟ֬͘ೝͰ͖Δɻԫ

৭ͷϦϯΫͦͷ͍ߴʹ࣍άϧʔϓͰ͋Γɺωο

τϫʔΫத৺ʹ΄Ͳ͍ۙ࣎լݝɺҪݝɺذෞݝɺ

ݝͰଟ͘ଘ͢ࡏΔɻ·ͨɺத৺͔ΒΕ͍ͯΔ

੩Ԭݝۙʹԫ৭ͷϦϯΫ͕ଟ͘ଘ͍ͯ͠ࡏΔ

͜ͱ͕֬ೝͰ͖Δɻ

ධՁ͕࠷খ͍͞άϧʔϓ੨৭ͷϦϯΫͰࣔ

͞Ε͍ͯΔɻதژݍࢢͷՃլํ͔Βࢁ

༌ૹಓ࿏ٸۓ੨৭Ͱࣔ͞Ε͓ͯΓɺ͕͚͔ͯʹݝ

͕ີʹଘ͢ࡏΔ͜ΕΒͷΤϦΞͰɺ͏ճ࿏͕े

֬อ͞ΕΔ͜ͱ͔Βɺ͜ΕΒͷϦϯΫͷஅʹΑΔ

࿈݁ੑʹ༩͑ΔӨ͕ڹখ͍͞ͱࣔ͞ΕΔͱ͑ߟΒΕ

Δɻҏ౾ౡొౡɺݝ෦ɺࡾॏݝೆ෦

ͳͲͰಓ࿏͕ࢢ෦΄ͲີͰͳ͍ʹؔΘΒͣ

੨৭Ͱࣔ͞Ε͍ͯΔɻ͜Εɺ͜ ΕΒͷΤϦΞ͕ωο

τϫʔΫͷʹͨΔ͜ͱ͔ΒධՁ͕͘ͳͬͯ

͍ΔͱཧղͰ͖Δɻ

5 ·ͱΊͱޙࠓͷల

5.1 ·ͱΊ

༗ϕΫτϧΛ༻͍ͯಓ࿏ͷݻ༗ղੳʹΑΔݻ

੬ऑੑΛධՁ͢Δख๏Λհͨ͠ɻԾωοτϫʔ

Ϋͱɺ࣮ٸۓ༌ૹಓ࿏ωοτϫʔΫ͜ͷख๏Λద

༻ͨ݁͠Ռɺ੬ऑͳ෦Λ͚ͭݟΔ͜ͱՄͰ͋

Δͱ͜͏ݴͱ͕Ͱ͖ΔɻධՁͷಛͱͯ͠ɺݻ༗ϕ

Ϋτϧͷ͕ 0Ͱ͋ΔωοτϫʔΫͷத৺෦ʹ

͍ۙ΄Ͳɺ੬ऑͰ͋Δͱ͍͏ධՁ͕දΕ͍͢͜ͱ

͕͔ͬͨɻ͍͑ݴΔͱɺωοτϫʔΫͷʹ

ͨΔ෦ಓ࿏͕ૄͰɺஅ͞ΕΔՄੑ͕͍ߴ

ͱ͑ߟΒΕΔ߹ͰධՁ͕͘ͳΔͱ͍͏͜ͱ

Ͱ͋ΔɻωοτϫʔΫͷத৺ϊʔυͷஔʹΑͬ

ͯେ͖͘มΘΓɺϊʔυ͕ີͳ෦ʹҾ͖ͤدΒΕ

Δಛੑ͕͋ΔɻϦϯΫͷڑΛྀͨ͠ߟϥϓϥγΞ

ϯྻߦΛ༻͍Δ͜ͱͰɺڑͷ͍ϦϯΫ΄ͲධՁ

͕͘ߴͳΔ݁Ռͱͳͬͨɻ

5.2 ͷలޙࠓ

ຊߘͰɺྡྻߦʹೖΕΔΛϦϯΫͷ͞ͷ

Δ͜·ߴͱ͠ɺϦϯΫ͕͍΄ͲஅϦεΫ͕ٯ

ͱͷΈྀ͍ͯ͠ߟΔɻଞʹɺϦϯΫͷަ௨༰ྔ

৴པͳͲϦϯΫʹؔ͢ΔॏΈɺڌͷॏཁͳ

ͲϊʔυͷॏΈΛऔΓೖΕΔ͜ͱͰɺγφϦΦʹԠ

ͨ͡ධՁΛಘΔ͜ͱՄͱ͑ߟΒΕΔɻͨͩɺ͜

ΕΒͷॏΈͷҙຯ͚͕ۃΊͯॏཁͱͳΔͩΖ͏ɻ

·ͨɺ৽ͨͳϦϯΫΛՃͨ͠վળͷޮՌΛܭΔ

߹ɺτϙϩδʔ͕มԽ͢ΔͨΊ୯७ʹධՁΛൺֱ

Ͱ͖ͳ͍Մੑ͕͋Δɻ͜ͷมԽʹର͢Δࢦඪͷײ

ʹ͍ͭͯڀݚʹߋΛਐΊ͍ͯ͘ɻޙ࠷ʹɺେ͖ͳ

ೋͭͷ·ͱ·Γʹׂ͞ΕΔ͜ͱΛఆͨ͠੬ऑੑ

ධՁΛ͕ͨͬߦɺͭࡾɺ࢛ͭʹׂ͢Δ͜ͱΛఆ

ͨ͠ධՁΛ͑ߦͳ͍͔ݕ౼͍ͨ͠ɻ

ँࣙ
ຊڀݚͷҰ෦ࠃަ௨ল৽ಓ࿏ٕज़ձٞʹ͓͍

ॴͷڀݚ߹૯ࡦٕज़ࠃަ௨লࠃ͞Εɺ࠾ͯ

ҕୗڀݚʹΑΓ࣮ͨ͠ࢪͷͰ͋Δɻ͜͜ʹͯ͠ه

ɻ͢·͍ͨ͠ँײ
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