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摘 要：

༽ᵲ⧟ຳлᲪ㜭伎㹼ಘⲴ㡚䘩䰞仈ᱟᰐӪ傮傦ᢰᵟケⲴޣ䭞ᡰ൘ˈ㾱㜭߶⺞᧗ࡦ

㡚䘩ˈቡ䴰㾱߶⺞ᇊսˈ㘼ⴞࡽᇊս㌫㔏ᰐ⌅㋮߶ᇊսˈ䴰㾱൘伎㹼䗷〻ѝнᯝ校↓ᇊս

䈟ᐞǄᵜ᮷⹄ウᲪ㜭伎㹼ಘ൘㌫㔏ᇊս㋮ᓖ䲀ࡦлⲴ㡚䘩ᘛ䙏㿴ࡂ䰞仈Ǆ

䰞仈а㾱≲㜭ཏᘛ䙏㿴ࡂ伎㹼ಘ൘ཊ㓖ᶏᶑԦлⲴ伎㹼㡚䘩ˈ㔬ਸ㘳㲁伎㹼䐍઼䈟

ᐞ校↓⅑ᮠቭ䟿ቁǄѪҶ֯⁑ර䙊⭘ᙗᴤ儈ˈᵜ᮷֯⭘䇠ᗶॆ␡ᓖՈݸ㇇⌅ᔪ・ᴹੁമˈ

❦ਾ⭘ Dijkstra+ึՈॆ㇇⌅≲ᴰ⸝㡚䘩ˈ㇇⌅ᰦ䰤༽ᵲᓖѪ O(V1 ∗ V1 ∗ ϵ + V2 ∗ log(V2))ˈ

ަѝ V1 Ѫ校↓⛩њᮠˈϵѪ┑䏣㓖ᶏᶑԦлᴰ䘌伎㹼䐍ˈV2 ѪᔪമਾⲴ㢲⛩њᮠǄٷ

䇮伎ᵪਟԕᣈ㓯伎㹼ˈՈݸ㘳㲁伎㹼䐍❦ਾ㘳㲁䈟ᐞ校↓⅑ᮠǄ൘ᮠᦞ䳶 1кˈᔪ・⁑
රᗇࡠаᶑᴰ⸝㡚䘩Ѫ 103512m઼校↓⅑ᮠѪ 9⅑ⲴᴰՈ䐟ᖴǄ൘ᮠᦞ䳶 2кˈᔪ・⁑
රᗇࡠаᶑᴰ⸝㡚䘩Ѫ 109336m઼校↓⅑ᮠѪ 12⅑ⲴᴰՈ䐟ᖴǄ

䰞仈Ҽ൘䰞仈аสкˈᨀࠪ伎㹼ಘਇࡠ㔃ᶴ઼᧗ࡦ㌫㔏Ⲵᖡ૽ˈᴰሿ䖜ᕟॺᖴѪ

200mˈᡁԜٷ䇮伎㹼ಘ൘є⛩ѻ䰤伎㹼ᰦˈ伎㹼ⴤ㓯䐍大Ҿᴰሿ䖜ᕟॺᖴˈণ伎㹼ಘ
㜭൘ᖃࡽս㖞⋯ॺᖴѪ 200mⲴശ䖜ᕟˈⴤ㠣㜭⋯䈕ശⲴ࠷㓯ᯩੁ伎ੁлањ校↓⛩Ǆ൘
䇮ѻкˈᡁԜ֯⭘ㅜа䰞Ⲵ㇇⌅≲ࠪᴰՈⲴٷ↔ 5ᶑ㡚䘩ˈሶ㡚䘩䘋㹼؞↓ˈ䘹ᤙ؞↓ਾ
ⲴᴰՈ㡚䘩Ѫ㔃᷌ǄԔࡍ伎㹼ᯩੁѪ䎧⛩ࡠㅜањ校↓⛩ⴤ㓯伎㹼Ⲵᯩੁˈഐ↔ˈ

伎㹼ಘ㡚䘩؞↓Ѫ⋯ᖃࡽ伎㹼ᯩੁԕᖃࡽ校↓⛩Ѫ࠷⛩Ⲵ࠷ശⲴശᕗˈ࣐к⋯࠷ശ࠷

㓯ᯩੁ伎ੁлањ校↓⛩Ⲵ㡚䘩Ǆ൘校↓ࡽˈ൘ᮠᦞ䳶 1઼ᮠᦞ䳶 2кᗇࡠⲴᴰՈ㡚䘩䮯
ᓖ࡛࠶Ѫ 103512m઼ 109336mˈ㓿䗷䇑㇇ᗇ؞ࡠ↓ਾⲴ㡚䘩䮯ᓖѪ 103652m઼ 109534m
䰞仈й൘䰞仈аⲴสкˈ࣐кҶᾲ⦷㓖ᶏˈ䜘࠶校↓⛩Ѫ䰞仈校↓⛩ˈՊᴹ䈟ᐞ校

↓ཡ䍕Ⲵᾲ⦷ˈ仈ⴞ㾱≲ࠪਁ⛩ᡀࡠ࣏䗮ⴞⲴൠⲴᾲ⦷ቭਟ㜭大ǄᡁԜ൘ᴰൿⲴᛵߥ৫≲

ᴰՈᾲ⦷ˈণٷ䇮ᡰᴹ䰞仈校↓⛩൷校↓ཡ䍕ǄᡁԜ൘䀓ߣㅜа䰞Ⲵ㇇⌅Ⲵสк᭩ਈᔪ

ᴹੁമⲴᯩ⌅Ǆ൘ᮠᦞ䳶 1кˈᔪ・⁑රᗇࡠаᶑᾲ⦷Ѫ 100%ˈᴰ⸝㡚䘩Ѫ 104823m઼
校↓⅑ᮠѪ 10⅑ⲴᴰՈ㡚䘩Ǆ൘ᮠᦞ䳶 2кˈᔪ・⁑රᗇࡠаᶑᾲ⦷Ѫ 100%ˈᴰ⸝㡚䘩
Ѫ 161639m઼校↓⅑ᮠѪ 21⅑ⲴᴰՈ㡚䘩Ǆ

关键字：ཊ㓖ᶏᶑԦ 䙊⭘ᙗ 䇠ᗶॆ␡ᓖՈݸᩌ㍒㇇⌅ Dijkstra+ึՈॆ㇇⌅ 䘀ࣘ

䖘䘩 ᾲ⦷᷀࠶
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1. 䰤从䠃䘦

༽ᵲ⧟ຳл伎㹼ಘⲴ㡚䘩䰞仈ᱟᰐӪ傮傦ᢰᵟケⲴޣ䭞ᡰ൘ˈ䴰㾱൘┑䏣ᶑ

ԦлӾࠪਁ⛩ࡠⴞḷ⛩䘹ᤙᴰՈ㡚㓯ˈ֯伎㹼ಘ⎸㙇ᴰሿǄ㾱㜭߶⺞᧗ࡦ㡚䘩ˈቡ䴰㾱߶

⺞ᇊսˈ㘼ⴞࡽᇊս㌫㔏ᰐ⌅㋮߶ᇊսˈ䴰㾱൘伎㹼䗷〻ѝнᯝ校↓ᇊս䈟ᐞǄഐ↔ˈ൘

伎㹼䗷〻ѝሩᇊս䈟ᐞ䘋㹼校↓ᱟ伎㹼ಘ㡚䘩㿴ࡂⲴа亩䟽㾱ԫ࣑Ǆ

㔉ᇊ伎㹼४ฏˈࠪਁ⛩Ѫ A⛩ˈⴞⲴൠѪ B⛩ˈ㡚䘩㓖ᶏᶑԦྲл˖

• 伎㹼ಘ㾱ᇎᰦᇊսˈᇊս䈟ᐞ࠶Ѫⴤ䈟ᐞо≤ᒣ䈟ᐞˈ伎㹼ಘ⇿伎㹼 1mˈⴤ䈟ᐞ
઼≤ᒣ䈟ᐞ࣐ δ њঅսǄٷ䇮ᖃⴤ䈟ᐞ઼≤ᒣ䈟ᐞ൷ሿҾ θњঅսᰦˈ伎㹼ಘ

㜭ཏ᤹➗㿴ࡂ䐟ᖴ伎㹼ˈᒦф㾱≲൘伎㹼ಘࡠ䗮 B⛩ᰦⴤ䈟ᐞ઼≤ᒣ䈟ᐞ൷ሿҾ θ

њঅս˗

• ൘伎㹼४ฏѝˈᆈ൘аӋ校↓⛩ˈਟ⭘Ҿ䈟ᐞ校↓Ǆ校↓⛩࠶Ѫⴤ校↓⛩઼≤ᒣ校
ਚ㜭ሩⴤ䈟ᐞᡆ≤ᒣ䈟ᐞ䘋㹼校↓ˈ校↓ਾ䈟ᐞѪ࡛࠶ˈ⛩↓ 0Ǆᴰ㓸ˈ伎㹼ಘ㓿
䗷㤕ᒢњ校↓⛩ࡠ䗮ⴞḷ⛩˗

• 伎㹼ಘ൘ A⛩ᰦˈⴤ䈟ᐞ઼≤ᒣ䈟ᐞ䜭Ѫ 0˗
• ᖃ伎㹼ಘⲴⴤ䈟ᐞн大Ҿ α1 њঅսˈ≤ᒣ䈟ᐞн大Ҿ α2 њঅսᰦˈ㜭䘋㹼ⴤ

䈟ᐞ校↓˗

• ᖃ伎㹼ಘⲴⴤ䈟ᐞн大Ҿ β1 њঅսˈ≤ᒣ䈟ᐞн大Ҿ β2 њঅսᰦˈ㜭䘋㹼≤ᒣ

䈟ᐞ校↓Ǆ

Ѫ伎㹼ಘᔪ・Ӿ A⛩ࡠ B⛩Ⲵ伎㹼䖘䘩Ⲵа㡜⁑ර઼㇇⌅ˈ䀓ߣлࡇ䰞仈˖
䰞仈а˖㔬ਸ㘳㲁 1)䖘䘩䮯ᓖˈ2)校↓⅑ᮠˈᔪ・⁑ර઼㇇⌅Ոॆ伎㹼䖘䘩˗
䰞仈Ҽ˖⭡Ҿ伎㹼ಘ൘䖜ᕟᰦਇ㔃ᶴ઼᧗ࡦ㌫㔏Ⲵ䲀ࡦˈᰐ⌅ᆼᡀণᰦ䖜ᕟˈٷ䇮伎㹼ಘ

ᴰሿ䖜ᕟॺᖴѪ 200mˈ䇮䇑㇇⌅Ոॆ伎㹼䖘䘩ˈ㔬ਸ㘳㲁䖘䘩䮯ᓖ઼校↓⅑ᮠˈ֯ަቭ
ਟ㜭ሿ˗

䰞仈й˖࣐校↓⛩Ⲵ校↓ᡀٷˈ⦷ࠐ࣏䇮䜘࠶校↓⛩䈟ᐞ校↓ᡀ࣏ᾲ⦷Ѫ 80%ˈ校↓
ཡ䍕ਾ࢙։䈟ᐞѪ min(error, 5)ˈަѝ error Ѫ校↓ࡽ䈟ᐞˈн㘳㲁䖜ᕟॺᖴⲴᛵߥлˈ

㿴ࡂ㡚䘩䐟ᖴˈ֯ަᡀࡠ࣏䗮㓸⛩Ⲵᾲ⦷ᴰ大Ǆ

2. ⁗ශٽ䇴

• ѪҶㆰׯ䘀㇇ٷ䇮䐍Ѫᮤᮠ˗
• ˗Mᯩੁࡠ⛩伎㹼ᯩੁѪ䎧ࡍ䗮校↓⛩ѪMˈ伎㹼ಘࡠ⅑䇮伎㹼ಘㅜаٷ
• 伎㹼ಘ൘є⛩ѻ䰤伎㹼ᰦˈ伎㹼ⴤ㓯䐍大Ҿᴰሿ䖜ᕟॺᖴ˗
• 䇮伎㹼ಘᴰሿ䖜ᕟॺᖴѪٷ 200m˗
• ൘н㘳㲁㔃ᶴ઼᧗ࡦ㌫㔏䲀ࡦⲴᶑԦлˈٷ䇮伎㹼ಘਟԕᣈ㓯伎㹼˗
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• 䇮ᖃⴤ䈟ᐞ઼≤ᒣ䈟ᐞ൷ሿҾٷ θњঅսᰦˈ伎㹼ಘ㜭ཏ᤹➗㿴ࡂ䐟ᖴ伎㹼˗

3. ㅜਭ䈪᱄

ㅖ号 ѹ

α1 ⴤ校↓⛩ሩⴤ䈟ᐞⲴ㓖ᶏ

α2 ⴤ校↓⛩ሩ≤ᒣ䈟ᐞⲴ㓖ᶏ

β1 ≤ᒣ校↓⛩ሩⴤ䈟ᐞⲴ㓖ᶏ

β2 ≤ᒣ校↓⛩ሩ≤ᒣ䈟ᐞⲴ㓖ᶏ

θ1 ⴞⲴൠሩⴤ䈟ᐞⲴ㓖ᶏ

θ2 ⴞⲴൠሩ≤ᒣ䈟ᐞⲴ㓖ᶏ

A 伎㹼ಘⲴ㡚㓯䎧⛩

B 伎㹼ಘⲴ㡚㓯ⴞⲴൠ

Pointvertical ⴤ校↓⛩

Pointhorizontal ≤ᒣ校↓⛩

error 伎㹼ಘ伎㹼䗷〻ӗ⭏Ⲵ䈟ᐞ (অս)

verticalerror 伎㹼ಘ伎㹼䗷〻ѝⲴ㍟䇑ⴤ䈟ᐞ (অս)

horizontalerror 伎㹼ಘ伎㹼䗷〻ѝⲴ㍟䇑≤ᒣ䈟ᐞ (অս)

⃗indirect 校↓⛩伎㹼ᯩੁࡽሴᯩੁˈণ伎㹼ಘੁᖃޕ

⃗outdirect ࠪሴᯩੁˈ伎㹼ಘᔰᖃࡽ校↓⛩伎㹼ᯩੁ

R ᴰሿ䖜ᕟॺᖴˈ200m

4. 䰤从᷆࠼

4 . 1 䰞仈а᷀࠶

仈ⴞ㾱≲伎㹼ಘ൘┑䏣㓖ᶏᶑԦлˈ㔬ਸ㘳㲁㡚䘩䮯ᓖ઼校↓⅑ᮠˈ⭡Ҿ仈ⴞ⋑ᴹᤷ

ᇊՈݸ㓗ˈഐ↔ᡁԜԕ䖘䘩䮯ᓖѪᴰ儈Ոݸ㓗ˈ校↓⅑ᮠѪ⅑Ոݸ㓗ሩ䰞仈䘋㹼≲䀓Ǆ⭡

Ҿᵜ䰞仈н㘳㲁䖜ᕟॺᖴⲴ䲀ࡦˈ᭵ٷ䇮伎ᵪਟԕᣈ㓯伎㹼ǄᡁԜṩᦞ仈ⴞ㔉Ⲵᮠᦞᔪ・

ᴹੁമˈԔєњ校↓⛩Ѫ P1઼ P2ˈ࡙⭘仈ⴞ㔉Ⲵ㓖ᶏᶑԦᶕࡔᯝ P1ࡠ P2ᱟਟ䗮ˈԔ
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校↓⛩ P1 ࡠ P2 ᰦⲴ䈟ᐞѪ (verticalerror, horizontalerror)ˈྲ᷌ P2 ᱟ Pointverticalˈࡉ䴰

㾱┑䏣

verticalerror ≤ α1&&horizontalerror ≤ α2 (1)

ྲ᷌ P2ᱟ Pointhorizontalˈࡉ䴰㾱┑䏣

verticalerror ≤ β1&&horizontalerror ≤ β2 (2)

ྲ᷌ P2ᱟⴞⲴൠˈࡉ䴰㾱┑䏣

verticalerror ≤ θ1&&horizontalerror ≤ θ2 (3)

ᔪᆼᴹੁമѻਾ֯⭘ Dijkstra+ึՈॆᴰ⸝䐟ᖴ㇇⌅≲ᴰՈ㡚䘩Ǆ

4 . 2 䰞仈Ҽ᷀࠶

⭡Ҿ伎㹼ಘ൘䖜ᕟᰦਇ㔃ᶴ઼᧗ࡦ㌫㔏Ⲵ䲀ࡦˈᰐ⌅ᆼᡀণᰦ䖜ᕟˈ㓖ᶏᶑԦѪ伎㹼

ಘᴰሿ䖜ᕟॺᖴѪ 200mˈণ伎㹼ಘ䘋㹼䖜ᕟᰦˈ伎㹼䖘䘩Ⲵᴢ⦷ॺᖴᴰሿѪ 200mˈ䘉ቡ
֯ᗇㅜа䰞ѝᗇࡠⲴᣈ㓯㡚䘩н䘲⭘ˈ䴰㾱ሩ㡚䘩䘋㹼؞↓Ǆ൘ᇎ䱵ᛵߥѝˈਟ㜭Պࠪ⧠

䰞仈аѝⲴᴰՈ㡚䘩ᒦнᱟ䰞仈ҼѝᴰՈ㡚䘩ǄѪҶ֯⁑රᴤާᴹ䙊⭘ᙗˈᡁԜਟԕ࡙⭘

䀓ߣ䰞仈аⲴ㇇⌅ᗇࡠᴰՈⲴ 5ᶑ㡚䘩ˈ❦ਾ䘋㹼؞↓ˈሩ∄؞↓ਾⲴ㔃᷌ˈሶᗇࡠⲴᴰ
ՈⲴ㡚䘩ѪㅜҼ䰞Ⲵ㔃᷌Ǆ؞↓ਾⲴ㡚䘩ᱟ⋯ᖃࡽ伎㹼ᯩੁᒦԕᖃࡽ校↓⛩Ѫ࠷⛩

࠷ശˈ伎㹼ಘ⋯ശᕗ伎㹼а⇥䐍ਾˈ⋯࠷ശ࠷㓯ᯩੁ伎ੁлањ校↓⛩ǄՈݸ㘳㲁

㡚䘩䮯ᓖˈ❦ਾ㘳㲁校↓⅑ᮠˈ䘹ਆᴰՈ㡚䘩Ѫ䰞仈ҼⲴ㔃᷌Ǆ

4 . 3 䰞仈й᷀࠶

䰞仈й൘䰞仈аⲴสкˈ࣐кҶᾲ⦷㓖ᶏˈ䜘࠶校↓⛩Ѫ䰞仈校↓⛩ˈ䘉Ӌ䰞仈校

↓⛩ᴹ 80%Ⲵ校↓ᡀ࣏ᾲ⦷ˈ䈕䰞仈㾱≲伎㹼ಘ㜭ᡀࡠ࣏䗮㓸⛩Ⲵᾲ⦷ቭਟ㜭大ˈᡁԜ
ሩ校↓⛩ڊᴰᐞٷ䇮ˈٷ䇮䰞仈校↓⛩ޘ䜘校↓ཡ䍕ˈᡰԕᡁԜሶӾ䰞仈校↓⛩䎧伎Ⲵ䈟

ᐞ䇮Ѫ 5Ǆྲ᷌↔ٷ䇮ᶑԦлᴹ㡚䘩㜭ཏࡠ䗮ⴞⲴൠˈ䛓Ѹᾲ⦷ቡᱟ 100%Ǆྲ᷌⋑ᴹਟ
㹼䀓ˈᡁԜ䘋㹼㢲⛩ᶮᕋˈሶަѝањ䰞仈㢲⛩Ⲵᾲ⦷䈳Ѫ 80%ˈণ䘉њ㢲⛩校↓ᡀ࣏ˈ
ⴤࡠᴹ䐟ᖴ㜭ࡠ䗮㓸⛩ˈণਟ≲ᗇᴰਾⲴᴰՈᾲ⦷Ǆ

5. 䰤从ᔰ⁗ф≸䀙

᧕лᶕⲴ䜘࠶ˈሶሩѻࡽйњ䰞仈࡛࠶䘋㹼ᔪ⁑ᒦ≲䀓Ǆ

5 . 1 䰞仈аⲴᔪ⁑о≲䀓

ሩҾ䰞仈аˈᡁԜݸṩᦞᮠᦞ䳶⭘䇠ᗶॆ␡ᓖՈݸᩌ㍒㇇⌅ᔪ・ᴹੁമˈ❦ਾ֯

⭘ Dijkstra+ึՈॆ䇑㇇ᴰՈ㡚䘩ˈഐѪ䇠ᗶॆՈݸ␡ᓖᩌ㍒൘ᴰൿᶑԦлⲴ༽ᵲᓖᱟ
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(0҅10 )
P1 P3

P4

P2

(0҅1 )
P2 P3_2 P4

(0҅10 )
P1 P3_1 P4

(0҅1 )

��
�"�

� �

� �

മ 1 ᐖ䜘࠶˖䇠ᗶॆ␡ᓖՈݸнṩᦞн਼䈟ᐞ࠶⛩Ǆਣ䜘࠶˖䇠ᗶॆ␡ᓖՈݸṩᦞн

਼䈟ᐞ࠶н਼⛩

O(V1 ∗ V1 ∗ ϵ)ˈަѝ V1 Ѫ校↓⛩њᮠˈϵ Ѫ┑䏣㓖ᶏᶑԦлᴰ䘌伎㹼䐍ˈDijkstra+
ึՈॆⲴ༽ᵲᓖѪ O(V2 ∗ log(V2))ˈV2 ѪᔪമਾⲴ㢲⛩њᮠǄᡰԕᙫⲴ㇇⌅༽ᵲᓖѪ

O(V1 ∗ V1 ∗ ϵ+ V2 ∗ log(V2))Ǆ

5 . 1 . 1 ⁑රᔪ・

校↓⛩Ѫࡽ䇮ᖃٷ PointhorizontalˈࡉӾ Pointhorizontal ࠪਁⲴⴤ䈟ᐞѪ 0Ǆ਼⨶ˈ
Pointvertical ࠪਁⲴ≤ᒣ䈟ᐞѪ 0 Ǆഐ↔Ӿ⇿њ校↓⛩ᔰˈᡁԜਚ㾱䇑㇇ᖃࡽ校↓⛩
н㜭校↓Ⲵ䈟ᐞ㊫රⲴ䈟ᐞˈሶਖањ䈟ᐞ㖞 0ˈ❦ਾࡔᯝᖃࡽ校↓⛩㜭ࡠ䗮Ⲵަ
։校↓⛩䘋㹼ᴹੁമ⭏ᡀǄԔᖃࡽ校↓⛩Ѫ PointverticalˈࡉӾ Pointvertical лаࡠਁࠪ

⛩Ⲵ䈟ᐞѪ (error,error + horizontalerror)ˈhorizontalerror Ѫ Pointvertical Ⲵ≤ᒣ䈟ᐞˈ

ᖃࡉ Pointvertical Ⲵлањ校↓⛩ᱟ Pointvertical ᰦˈṩᦞޜᔿ (1) ᗵ享┑䏣 error ≤ α1

઼ error + horizontalerror ≤ α2ˈᡁԜ࣐ Pointvertical ࡠ Pointvertical Ⲵаᶑᴹੁ䗩Ǆ

਼⨶ˈᖃ Pointvertical лањ校↓⛩Ѫ Pointhorizontalˈṩᦞޜᔿ (2) ᗵ享 error ≤ β1 ઼

error + horizontalerror ≤ β2ˈᡁԜ࣐ Pointvertical ࡠ Pointhorizontal Ⲵаᶑᴹੁ䗩Ǆᖃ

лањ⛩Ѫ Pointend ᰦˈᡁԜṩᦞޜᔿ (3)error ≤ θ1 ઼ error + horizontalerror ≤ θ2ˈᡁ

Ԝ࣐ Pointvertical ࡠ Pointend Ⲵаᶑᴹੁ䗩Ǆ൘ᇎ䱵㇇⌅䘀㇇䗷〻ѝˈᡁԜሩ㇇⌅䘋

㹼Ҷ࢚᷍ˈণሩᖃࡽ䇯䰞䗷Ⲵ校↓⛩䇮㖞 visitḷᘇˈ֯л⅑䇯䰞ࡠ䘉њ校↓⛩Ⲵᰦىⴤ

᧕䘄എ䘋㹼࢚᷍Ǆնᱟн਼Ⲵ䈟ᐞࡠ䗮പᇊⲴ校↓⛩Պࠪ⧠нୟаⲴമˈྲമ1ᐖ䜘࠶ᡰ
ᩌ䗷〻Ⲵ䐟㓯Ѫ␡ྲٷˈ⽪ 1→2→3→4⭡ P1ࡠ䗮 P3ᰦⲴ≤ᒣ䈟ᐞѪ 10,֯ P3ᰐ⌅ࡠ䗮
P4ˈф↔ᰦᡁԜ㖞 P3 visit,ㅹ P2ࡠ䗮 P3ᰦ䈟ᐞѪ (0,1)ф㜭ࡠ P4ˈնᱟ⭡Ҿ P3䇯䰞䗷ˈ
ᡰԕ䘄എкቲˈሶሬ㠤ᰐ⌅ᔪ䗩 P3→P4ǄሩҾк䘠䰞仈ˈᡁԜሶ P3ṩᦞн਼Ⲵ䈟ᐞ᱐ሴ
ᡰ⽪ˈሶ࠶єњ⛩ˈྲമ1ਣ䜘ࡠ P3ᡀ P3_1઼ P3_2䟽ᯠᔪമǄ䇠ᗶॆ␡ᓖՈݸᩌ㍒
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മ 2 䰞仈аᮠᦞ䳶 1㡚䘩㿴ࡂ䐟ᖴമ

՚ԓ⸱ྲ㇇⌅ 1ᡰ⽪ˈާփᇎ⧠ Pythonԓ⸱㿱䱴ᖅаˈ⁑රԓ⸱㿱䱴ԦǄ
Dijkstra+ึՈॆ˖Dijkstra㇇⌅ᱟᇎ⧠অⓀᴰ⸝䐟ᖴ䶎ᑨ儈᭸Ⲵ㇇⌅ˈሩҾ㢲⛩њᮠཊⲴ
ᰦึޕ࣐ˈىՈॆਟԕ᰾ᱮ䱽վ༽ᵲᓖǄᡰԕᡁԜ⭘ Dijkstra+ึՈॆ㇇⌅ᶕ≲䇠ᗶॆՈ
ᩌ㍒⭏ᡀⲴമⲴᴰ⸝䐟ᖴǄݸ

Dijkstra㇇⌅Ⲵާփᇎ⧠䗷〻ྲл˖
1˅Ԕ S Ѫᐢ⸕ᴰ⸝䐟ᖴⲴ㢲⛩Ⲵ䳶ਸˈV Ѫ亦⛩㢲⛩ˈS − V = T Ѫᵚ⸕ᴰ⸝䐟ᖴⲴ㢲

⛩䳶ਸ

2˅⇿⅑Ӿ T ѝ㧧ਆ䎧㢲⛩ᴰ䘁Ⲵ㢲⛩ Pˈᴤᯠ P Ⲵ䛫᧕㢲⛩ф൘ T ѝˈᒦሶ P ࣐

ࡠޕ S ѝǄ

3)аⴤ䟽༽ 2)ˈⴤࡠ T ѪオǄ

ަѝՈݸ队ࡇ⭘Ҿᇎ⧠㧧ਆ Pˈ֯ᗇ⇿⅑㧧ᗇ㢲⛩༽ᵲᓖѪ log2(len(T ))

⇿њ㢲⛩䴰㾱ᴤᯠ䛫᧕㢲⛩ˈഐ↔ᴰ㓸༽ᵲᓖѪ len(V ) ∗ log2(len(T ))ˈণ O(V2 ∗ log(V2))

ᡁԜ Dijkstra+ึՈॆᱟ⭘ C++Ոݸ队ࡇᇎ⧠Ⲵˈާփᇎ⧠՚ԓ⸱ྲ㇇⌅ 2ᡰ⽪ˈާփᇎ
⧠ C++ԓ⸱㿱䱴ᖅҼˈ⁑රԓ⸱㿱䱴ԦǄ

5 . 1 . 2 䰞仈≲䀓

ṩᦞᔪ⁑ˈ䗃ޕᮠᦞ䳶 1Ⲵᮠᦞਾᗇࡠᴰ⸝䐟ᖴѪ 103512mˈഐѪ䴰㾱㘳㲁㢲⛩њ
ᮠˈᡰԕᡁԜਆᡰᴹᴰ⸝䐟ᖴˈਁ⧠ᴰ⸝䐟ᖴਚᴹаᶑˈᡰԕ㢲⛩њᮠᴰቁѪ 11њˈާ
փ㢲⛩ḷྲл˖[0, 503, 200, 80, 237, 170, 278, 369, 214, 397, 612]ˈާփ㓯䐟㿱മ2ˈާփ
㡚䘩㿴ࡂ㺘㿱㺘1Ǆ

ṩᦞᔪ⁑ˈ䗃ޕᮠᦞ䳶 2Ⲵᮠᦞਾᗇࡠᴰ⸝䐟ᖴѪ 109336mˈഐѪ䴰㾱㘳㲁㢲⛩њ
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ᮠˈᡰԕᡁԜਆᡰᴹᴰ⸝䐟ᖴˈਁ⧠ᴰ⸝䐟ᖴਚᴹаᶑˈᡰԕ㢲⛩њᮠᴰቁѪ 14њˈާ
փ㢲⛩ḷྲл˖[0, 163, 114, 8, 309, 305, 123, 45, 160, 92, 93, 61, 292, 326]ާփ㓯䐟㿱മ3ˈ
ާփ㡚䘩㿴ࡂ㺘㿱㺘2Ǆ

5 . 2 䰞仈ҼⲴᔪ⁑о≲䀓

5 . 2 . 1 ⁑රᔪ・

ሩҾ䰞仈Ҽˈ䴰㾱㘳㲁伎㹼ಘⲴ䖜ᕟॺᖴǄṩᦞѻࡽⲴٷ䇮ˈࡍ伎㹼ᯩੁѪ X ⛩

ㅜањ校↓⛩ⴤ㓯伎㹼Ⲵᯩੁˈᒦф伎㹼ಘ൘є⛩ѻ䰤伎㹼ˈ伎㹼ⴤ㓯䐍大Ҿᴰሿ䖜ࡠ

ᕟॺᖴǄഐ↔ˈ伎㹼ಘᴰՈ伎㹼㡚䘩ਟԕ؞↓Ѫ⋯ᖃޕࡽሴᯩੁ ⃗indirectᒦԕᖃࡽ校↓⛩

Ѫ࠷⛩࠷ശˈ

㺘 1 䰞仈аᮠᦞ䳶 1㡚䘩㿴ࡂ㔃᷌㺘

校↓⛩㕆号 校↓ࡽⴤ䈟ᐞ 校↓ࡽ≤ᒣ䈟ᐞ 校↓⛩㊫ර

0 0 0 ࠪਁ⛩ A

503 13.387 13.387 11

200 0.865 14.252 01

80 16.614 15.749 01

237 21.241 4.627 11

170 7.689 12.316 11

278 10.457 22.773 01

369 21.893 11.436 11

214 13.313 24.749 01

397 22.33 9.017 11

612 16.972 25.989 㓸⛩ B

伎㹼ಘ⋯ശᕗ伎㹼а⇥䐍ਾˈ⋯࠷ശⲴ࠷㓯ᯩੁ伎ੁлањ㢲⛩ˈᔰᖃࡽ㢲⛩

ᰦˈࠪሴᯩੁ ⃗outdirectѪ伎࠷ശ༴ս㖞ࡠлањ㢲⛩Ⲵⴤ㓯ᯩੁˈྲമ 4ᡰ⽪Ǆަ
ѝˈM⛩Ѫᖃࡽ㢲⛩ˈX⛩Ѫࡽа㢲⛩ˈY⛩Ѫлањ㢲⛩ˈޕࡉሴᯩੁ ⃗indirect = X⃗Mˈ
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ࠪሴᯩੁ ⃗indirect = N⃗Yˈശ OॺᖴѪ 200mǄ൘䘉ᛵߥлˈਟԕ֯伎㹼ಘ┑䏣ᴰሿ䖜
ᕟॺᖴⲴࡽᨀлˈӾM⛩伎㹼ࡠ Y⛩Ǆᖃᔰᖃࡽ㢲⛩MਾˈY⛩ᴤᯠѪᖃࡽ㢲⛩ˈޕ
ሴᯩੁᴤᯠѪ ⃗indirect = N⃗YǄ

㇇⌅ 1 Dijkstra+ึՈॆ
1: *䗃ޕ: startpoint䎧㢲⛩ˈedges⇿њ㢲⛩Ⲵ䗩䳶ਸ

2: *䗃ࠪ: startpointࡠᡰᴹ⛩Ⲵᴰ⸝䐍઼⇿њ㢲⛩ᴰ⸝䐟ᖴⲴࡽ傡㢲⛩
3: Ԕ priority_queueѪՈݸ队ࡇ
4: ሶ startpointࡠޕ࣐ priority_queue
5: while priority_queue䶎オ do
6: currentpoint ← priority_queue队ཤݳ㍐
7: 䲔ࡐ priority_queue队ཤݳ㍐
8: if currentpoint䇯䰞䗷 then
9: continue
10: end if
11: ሶ currentpoint䇯䰞ḷᘇ㖞Ѫ True
12: edge ← edgesѝ currentpointሩᓄⲴ䗩䳶

13: while edge䶎オ do
14: linkedge ← edgeᖃࡽ䘎᧕䗩

15: ሶ edgeᖃࡽ䘎᧕䗩Ӿ䳶ਸࡐ䲔

16: if linkedge Ⲵ䮯ᓖ࣐к startpoint → currentpoint Ⲵ䮯ᓖ <startpoint → currentpoint

Ⲵ䮯ᓖ then
17: ᴤᯠ startpoint → currentpointѪ linkedgeⲴ䮯ᓖ࣐к startpoint → currentpointⲴ

䮯ᓖᒦфࡠޕ࣐ priority_queueѝ
18: ᴤᯠ linkpointᴰ⸝䐟ᖴⲴࡽ傡㢲⛩Ѫ currentpoint

19: end if
20: end while
21: end while
22: Return startpointࡠᡰᴹ⛩Ⲵᴰ⸝䐍઼⇿њ㢲⛩ᴰ⸝䐟ᖴⲴࡽ傡㢲⛩
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㇇⌅ 2 is_Link()
1: * 䗃ޕ: nowid(ᖃࡽ校↓⛩ id),verticalerror(књ㢲⛩ࡠᖃࡽ㢲⛩ਾⲴⴤ䈟
ᐞ),horizontalerror(књ㢲⛩ࡠᖃࡽ㢲⛩ਾⲴ≤ᒣ䈟ᐞ)

2: *䗃ࠪ: књ㢲⛩ᱟਟ䗮ᖃࡽ㢲⛩Ǆ
3: if ᖃࡽ㢲⛩ᱟ㓸⛩ then
4: if verticalerror <= θ and horizontalerror <= θ then
5: Return TRUE,lastid
6: end if
7: Return False,−1
8: end if
9: if ᖃࡽ㢲⛩ᱟ校↓㢲⛩ then
10: if verticalerror <= α1 if Tv else β1 and horizontalerror <= α1 if Tv else β1 then
11: Return TRUE,−1
12: end if
13: Return False,−1
14: end if
15: if Tv then currenterror ← horizontalerror else currenterror ← verticalerror

16: //ሶᖃࡽ ID઼ error᱐ሴࡠᯠⲴ ID_erroridᶕᔪമˈ䱢→ᔪമ䭉䈟
17: ࡽᖃྲٷ// IDⲴ䈟ᐞ䇑㇇䗷ˈࡉⴤ᧕䘄എˈ䱢→ڊཊ։Ⲵ䇑㇇
18: if errorid䇯䰞䗷 then
19: Return TRUE,errorid
20: end if
21: i ← 1

22: n ← 校↓⛩њᮠ

23: while i < n do
24: 䇑㇇ᖃࡽ㢲⛩ࡠ i㢲⛩Ⲵ errorᶕ䐏лњ㢲⛩Ⲵ䈟ᐞ

25: if Tv then
26: linked,nextid=is_Link(i,error,currenterror + error)
27: else
28: linked,nextid=is_Link(i,error + currenterror,error)
29: end if
30: if linked then
31: ሶ erroridࡠ nextidⲴ䗩ᔪ・䎧ᶕ

32: end if
33: end while
34: Return TRUE,errorid
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മ 3 䰞仈аᮠᦞ䳶 2㡚䘩㿴ࡂ䐟ᖴമ

മ 4 䖜ᕟॺᖴമ

൘ᐢ⸕йњ㢲⛩オ䰤ḷⲴᛵߥлˈਟԕ≲ᗇ伎㹼ಘԕᴰሿ䖜ᕟॺᖴ䘋㹼伎㹼ᰦⲴ

ശᗳḷˈӾ㘼≲ᗇ䖜ᕟ㔃ᶏᰦᔰⴤ㓯伎㹼Ⲵս㖞ḷˈᴰ㓸ᗇࡠ伎㹼䖘䘩Ǆ൘ޜࠪࡇ

ᔿѻݸˈࡽ㔉ࠪᐢ⸕ᶑԦ˖ྲമ 4ˈަѝˈᖃࡽ㢲⛩MḷѪ (x0, y0, z0)ˈⴞḷ⛩ Yḷ
Ѫ (x1, y1, z1)ˈޕሴᯩੁ X⃗M = (a, b, c)Ǆ䴰㾱≲ࠪശᗳ OⲴḷ (x, y, z)ԕ৺ڌ→䖜ᕟ伎

㹼ս㖞 NⲴḷ (x2, y2, z2)Ǆ

йњオ䰤㢲⛩ᡰᖒᡀオ䰤ᒣ䶒Ⲵ⌅ੁ䟿≳ݸ t⃗ = (m,n, k)䘋㹼≲䀓ˈ䇑㇇ޜᔿྲл˖
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㺘 2 䰞仈аᮠᦞ䳶 2㡚䘩㿴ࡂ㔃᷌㺘

校↓⛩㕆号 校↓ࡽⴤ䈟ᐞ 校↓ࡽ≤ᒣ䈟ᐞ 校↓⛩㊫ර

0 0 0 ࠪਁ⛩ A

163 13.287 13.287 01

114 18.621 5.334 11

8 13.921 19.255 01

309 19.445 5.524 11

305 5.968 11.492 01

123 15.172 9.204 11

45 10.006 19.21 01

160 17.491 7.485 11

92 5.776 13.261 01

93 15.26 9.484 11

61 9.834 19.318 01

292 16.387 6.553 11

326 6.96 13.513 㓸⛩ B

t⃗ = (a, b, c)× (x1 − x0, y1 − y0, z1 − z0). (4)

˖ᔿྲлޜ㇇ሩശᗳḷ䘋㹼≲䀓ˈ䇑

(x− x0)
2 + (y − y0)

2 + (z − z0)
2 = R2; (5)

(x− x0, y − y0, z − z0) · (a, b, c) = 0; (6)

(x− x0, y − y0, z − z0) · (m,n, k) = 0. (7)
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ᔿޜ (5)㺘⽪ശᗳоM⛩䐍Ѫ R = ᔿޜˈ200 (6)㺘⽪ੁ䟿 M⃗OⴤҾੁ䟿 X⃗Mˈ

ᔿޜ (7)㺘⽪ੁ䟿 M⃗OⴤҾᒣ䶒Ⲵ⌅ੁ䟿 t⃗Ǆ䇑㇇ࠪᶕⲴ㔃᷌ᴹєњˈഐѪ䗷ⴤ㓯ка

⛩ᐢ⸕ॺᖴⲴ࠷ശᴹєᛵߥˈ൘ⴤ㓯є䗩ਟԕڊањˈնᱟਚᴹањശᗳḷᱟ

ᡁԜᡰ䴰㾱Ⲵˈྲമ 5ᡰ⽪ˈਚᴹоⴞḷ⛩൘਼חⲴശᗳḷѪᡁԜᡰ䴰㾱Ⲵ㔃᷌ˈഐѪ
䘉ṧᗇࡠⲴ伎㹼䖘䘩ᴤ⸝Ǆਚ䴰㾱ሶᗇࡠⲴശᗳḷ (x, y, z)઼ (x′, y′, z′)࡛࠶≲оⴞḷ

⛩ BⲴ䐍ˈ䐍⸝ⲴശᗳḷণѪᡰ䴰㔃᷌Ǆ

മ 5 ≲䀓ശᗳḷ

൘ᗇࡠശᗳ Oḷ (x, y, z)ѻਾˈሩ⛩ Nḷ (x2, y2, z2)䘋㹼≲䀓ˈ䇑㇇ޜᔿྲ

л˖

(x2 − x0)
2 + (y2 − y0)

2 + (z2 − z0)
2 = R2; (8)

(x2 − x0, y2 − y0, z2 − z0) · (x2 − x1, y2 − y1, z2 − z1) = 0; (9)

(x2 − x0, y2 − y0, z2 − z0) · (m,n, k) = 0. (10)

ྲമ 4ᡰ⽪ˈޜᔿ (8)㺘⽪ശᗳOоN⛩䐍ѪR = ᔿޜˈ200 (9)㺘⽪ੁ䟿 O⃗N ⴤ

Ҿੁ䟿 ⃗Y Nˈޜᔿ (10)㺘⽪ੁ䟿 O⃗N ⴤҾᒣ䶒Ⲵ⌅ੁ䟿 t⃗Ǆ਼ṧਟԕᗇࡠєњ㔃᷌ˈഐ

Ѫ䗷ശཆа⛩ਟԕڊєᶑശⲴ࠷㓯ˈᡰԕ࠷⛩ᴹєњˈਆੁ䟿 N⃗Y оޕሴᯩੁੁ䟿 X⃗M

ཀྵ䀂大Ⲵ࠷⛩Ѫᡰ≲⛩ˈഐѪཀྵ䀂大Ⲵ࠷⛩ᱟӾޕሴ⛩ᔰ⋯ശᕗ伎㹼ࡠݸ䗮Ⲵ࠷⛩Ǆ

5 . 2 . 2 䰞仈≲䀓

ṩᦞ䰞仈аⲴ㇇⌅䘋㹼ྲл᭩䘋ᗇࡠⲴᴰՈⲴ 5њ㡚䘩䐟㓯ˈާփԓ⸱㿱䱴ᖅйǄ
1˅ԕ DijkstraⲴ䎧⛩઼㓸⛩Ѫ㇇⌅䎧⛩࡛࠶䇑㇇䎧⛩઼㓸⛩ࡠњ校↓⛩Ⲵᴰ⸝䐍Ǆ
Ԕ SE Ѫᐢ㓿䇯䰞䗷Ⲵ䗩䳶ਸǄ

2˅䙽শᡰᴹн൘ SEѝⲴ䗩ˈԔ䗩ሩᓄⲴ㢲⛩Ѫ u઼ vˈྲ᷌䎧⛩ࡠ uⲴᴰ⸝䐍 +u→ v

Ⲵ䐍 +vࡠ㓸⛩Ⲵᴰ⸝䐍 ≤ᖃࡽᴰ⸝䐟ᖴ,ᴤᯠᴰՈ䗩 EselectǄ
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3˅ሶ 2˅ѝਆᗇᴰ⸝䐍ⲴᴰՈ䗩 Eselectࡠޕ࣐ SE ѝǄ

4˅ṩᦞ SE 䳶ਸᗇࡠᴰՈ㡚㓯Ǆ

ሶ校↓⛩༴Ⲵᣈ㓯᤹к䘠ᯩ⌅䘋㹼؞↓ˈਟԕᗇ؞ࡠ↓ਾⲴ伎㹼㡚䘩മˈݸṩᦞ伎㹼䖘䘩

䮯ᓖ䘋㹼∄䖳ˈṩᦞ校↓⅑ᮠ䘋㹼∄䖳ˈਆᴰՈⲴ㡚䘩Ѫ䰞仈ҼⲴ㔃᷌Ǆᮠᦞ䳶 1઼ᮠ
ᦞ䳶 2ᗇࡠⲴ㡚䘩㿴ࡂ㔃࡛᷌࠶㿱㺘 3ǃ 4Ǆ

㺘 3 䰞仈Ҽᮠᦞ䳶 1㡚䘩㿴ࡂ㔃᷌㺘

校↓⛩㕆号 校↓ࡽⴤ䈟ᐞ 校↓ࡽ≤ᒣ䈟ᐞ 校↓⛩㊫ර

0 0 0 ࠪਁ⛩ A

503 13.387 13.387 11

200 0.865 14.252 01

80 16.614 15.749 01

237 21.241 4.627 11

170 7.689 12.316 11

278 10.457 22.773 01

369 21.893 11.436 11

214 13.313 24.749 01

397 22.33 9.017 11

612 16.972 25.989 㓸⛩ B

ᗇ؞ࡠ↓ਾⲴ伎㹼㡚䘩മਾˈ֯⭘ matlab䘋㹼㔈മˈᮠᦞ䳶 1઼ᮠᦞ䳶 2Ⲵ伎㹼䖘
䘩മྲ࡛࠶മ 6ǃ 7ᡰ⽪Ǆ

5 . 3 䰞仈йⲴᔪ⁑о≲䀓

5 . 3 . 1 ⁑රᔪ・

ሩҾ䰞仈йˈഐѪ校↓ਾᗇࡠⲴ࢙։䈟ᐞѪ min(error, 5)ˈަѝ error Ѫ校↓ࡽ

䈟ᐞˈᡁԜ᤹ᴰᐞᛵߥ䘋㹼㡚䘩㿴ࡂˈণࡠ䗮䰞仈校↓⛩༴ⴤ᧕㖞校↓ཡ䍕ф䈟ᐞ

ⴤ᧕㖞Ѫ 5ˈྲ᤹᷌䘉ᛵߥ㜭ཏ伎ࡠⴞⲴൠˈ䛓Ѹ↔ᶑ㡚䘩ᡀࡠ࣏䗮ⴞⲴൠⲴᾲ⦷
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㺘 4 䰞仈Ҽᮠᦞ䳶 2㡚䘩㿴ࡂ㔃᷌㺘

校↓⛩㕆号 校↓ࡽⴤ䈟ᐞ 校↓ࡽ≤ᒣ䈟ᐞ 校↓⛩㊫ර

0 0 0 ࠪਁ⛩ A

163 13.287 13.287 01

114 18.621 5.334 11

8 13.921 19.255 01

309 19.445 5.524 11

305 5.968 11.492 01

123 15.172 9.204 11

45 10.006 19.21 01

160 17.491 7.485 11

92 5.776 13.261 01

93 15.26 9.484 11

61 9.834 19.318 01

292 16.387 6.553 11

326 6.96 13.513 㓸⛩ B

Ѫ 100% ⲴǄഐ↔ˈྲٷᖃࡽ校↓⛩Ѫ Pointvertical ф校↓ᡀ࣏ᡆ㘵ཡ䍕ᰦىⲴ䈟ᐞѪ

(verticalerror, horizontalerror)ˈᡁԜԔ Pointvertical ࠪਁᰦⲴ䈟ᐞѪ (5, horizontalerror)ˈ

ሩҾ Ponithorizontal ҏ䘋㹼㊫լⲴǄሩҾ⁑රᇎ⧠ˈᡁԜӵ䴰㾱؞᭩䰞仈а㇇⌅2Ⲵㅜ
26㹼઼ㅜ 28㹼Ⲵ errorˈ࣐ 5ণਟ≲ᗇᴰᐞᛵߥлⲴᴹੁമˈ䘀㹼䐏 Dijkstra+ึՈॆ
⦷䗮ⴞⲴൠⲴᾲࡠ࣏䗮ⴞⲴൠˈ䛓Ѹ↔㡚䘩ᡀࡠ䗮ⴞⲴൠˈྲ᷌ᴹ㡚䘩㜭ࡠᯝᗇᱟਟࡔ

ቡᱟ 100%ˈྲ᷌⋑ᴹਟ㹼䀓ˈᡁԜ䘋㹼校↓⛩ᶮᕋˈሶަѝањ䰞仈校↓⛩䈳ᮤѪ
㛟ᇊ校↓ᡀ࣏ˈྲ᷌㓿䗷↔校↓⛩Ⲵ㡚䘩㜭ཏࡠ䗮㓸⛩ˈ䛓Ѹᾲ⦷ቡᱟ 80%Ǆ䟽༽ᢗ㹼
ᶮᕋⴤࡠᴹ㡚䘩㜭ࡠ䗮ⴞⲴൠˈণਟ≲ᗇᴰՈ㡚䘩Ǆ
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മ 6 䰞仈Ҽᮠᦞ䳶 1㡚䘩㿴ࡂ䐟ᖴമ

മ 7 䰞仈Ҽᮠᦞ䳶 2㡚䘩㿴ࡂ䐟ᖴമ

5 . 3 . 2 䰞仈≲䀓

ṩᦞᔪ⁑ˈ䗃ޕᮠᦞ䳶 1ਾˈᡁԜਁ⧠൘ሶᡰᴹ䰞仈校↓⛩䇮Ѫᴰᐞᛵߥᆈ൘㡚䘩
㜭ཏࡠ䗮ⴞⲴൠˈࡉ䈕㡚䘩㜭ࡠ䗮ⴞⲴൠⲴᾲ⦷Ѫ 100%,൘㡚䘩㜭ࡠ䗮ⴞⲴൠⲴᛵߥлˈ
ᗇࡠᴰ⸝㡚䘩Ѫ 104823mˈഐѪ䴰㾱㘳㲁校↓⛩њᮠˈᡰԕᡁԜ䇠ᖅᡰᴹᴰ⸝㡚䘩ˈਁ⧠
ᴰ⸝㡚䘩ਚᴹаᶑˈ䈕㡚䘩Ⲵ校↓⛩њᮠѪ 10њˈާփ㢲⛩ḷྲл˖[0, 503, 69, 506,
371, 183, 194, 450, 113, 485, 248, 612]ާփ㡚䘩㿱മ8ˈާփ㡚䘩㿴ࡂ㺘㿱㺘5Ǆ
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㺘 5 䰞仈йᮠᦞ䳶 1㡚䘩㿴ࡂ㔃᷌㺘

校↓⛩㕆号 校↓ࡽⴤ䈟ᐞ 校↓ࡽ≤ᒣ䈟ᐞ 校↓⛩㊫ර

0 0 0 ࠪਁ⛩ A

503 13.387 13.387 12

69 13.807 22.194 02

506 21.675 12.868 12

371 15.615 23.483 02

183 22.653 7.038 12

194 13.611 20.649 02

450 19.588 5.977 12

113 6.507 12.484 02

485 13.787 7.28 12

248 4.22 11.5 02

612 23.733 19.513 㓸⛩ B

䗃ޕᮠᦞ䳶 2ਾˈᡁԜਁ⧠൘ሶᡰᴹ䰞仈校↓⛩䇮Ѫᴰᐞᛵߥᆈ൘㡚䘩㜭ཏࡠ䗮ⴞⲴ
ൠˈࡉ䈕㡚䘩㜭ࡠ䗮ⴞⲴൠⲴᾲ⦷Ѫ 100%,൘㡚䘩㜭ࡠ䗮ⴞⲴൠⲴᛵߥлˈᗇࡠᴰ⸝㡚
䘩Ѫ 161639mˈഐѪ䴰㾱㘳㲁校↓⛩њᮠˈᡰԕᡁԜ䇠ᖅᡰᴹᴰ⸝㡚䘩ˈਁ⧠ᴰ⸝㡚䘩
ਚᴹаᶑˈ↔㡚䘩ሩᓄⲴ校↓⛩њᮠѪ 21ˈާփ㢲⛩ḷྲл˖[0, 169, 322, 270, 89, 236,
132, 53, 112, 268, 250, 243, 73, 249, 274, 12, 216, 16, 282, 141, 291, 161, 326]

ާփ㡚䘩㿱മ9ˈާփ㡚䘩㿴ࡂ㺘㿱㺘6Ǆ
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㺘 6 䰞仈йᮠᦞ䳶 2㡚䘩㿴ࡂ㔃᷌㺘

校↓⛩㕆号 校↓ࡽⴤ䈟ᐞ 校↓ࡽ≤ᒣ䈟ᐞ 校↓⛩㊫ර

0 0 0 ࠪਁ⛩ A

169 9.27 9.27 02

322 13.418 4.148 12

270 11.34 15.488 02

89 18.89 7.55 12

236 10.127 17.677 02

132 19.831 9.704 12

53 10.259 19.963 02

112 15.461 5.202 12

268 2.157 7.359 02

250 11.763 9.606 12

243 6.958 16.564 02

73 10.5 3.542 12

249 12.846 16.388 02

274 15.686 2.84 12

12 6.436 9.276 02

216 14.238 7.802 12

16 4.216 12.018 02

282 11.655 7.439 12

141 8.1 15.539 02

291 13.585 5.485 12

161 6.466 11.951 02

326 16.612 15.146 㓸⛩ B
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മ 8 䰞仈йᮠᦞ䳶 1㡚䘩㿴ࡂ䐟ᖴമ

മ 9 䰞仈йᮠᦞ䳶 2㡚䘩㿴ࡂ䐟ᖴമ

6. ⁗ශⲺ䇺ԭф᧞ᒵ

6 . 1 ⁑රⲴ䇴ԧ

6 . 1 . 1 ⁑රⲴՈ⛩

• ሩҾ䰞仈аˈᡁԜᨀࠪҶ䇠ᗶॆ␡ᓖՈݸᩌ㍒㇇⌅ᔪᴹੁമˈ❦ਾ࡙⭘ Dijkstra+ึՈ
ॆ㇇⌅≲অⓀᴰ⸝䐟ᖴˈ؍䇱Ҷ㔃᷌Ⲵ↓⺞ᙗˈф䇠ᗶॆᩌ㍒઼ึՈॆ大大䱽վҶ⁑

රⲴ༽ᵲᓖǄ

• ሩҾ䰞仈аˈᡁԜⲴ㇇⌅нᱟ䪸ሩ⢩ᇊ䰞仈㘼䇮䇑ⲴˈާᴹаᇊⲴ䙊⭘ᙗǄ
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• ሩҾ䰞仈Ҽˈ൘≲䀓ᴰՈ 5ᶑ㡚䘩ѝˈਚ䴰࡛࠶≲ᗇ䎧⛩઼ⴞⲴൠࡠњ校↓⛩Ⲵ
ᴰ⸝䐍ˈ❦ਾԕ㓯ᙗ༽ᵲᓖ≲ԫᶑᴰՈ䐟ᖴˈ䱽վҶ䇑㇇㡚䘩Ⲵ༽ᵲᓖǄ

6 . 1 . 2 ⁑රⲴ㕪⛩

• ഐѪ⁑රٷ䇮є⛩䰤Ⲵ䐍ѪᮤᮠˈՊӗ⭏аᇊⲴ䈟ᐞǄ
• ഐѪ䰞仈Ҽ䎆Ҿ䰞仈аⲴᴰՈ 5ᶑ㡚䘩ˈᰐ⌅≲ࠪᯠⲴ㡚䘩ˈާᴹаᇊⲴተ䲀ᙗˈ
ਟ㜭ᰐ⌅≲ᗇᴰՈ䀓Ǆ

6 . 2 ⁑රⲴ᧘ᒯ

䈕㇇⌅༽ᵲᓖ∄䖳վˈнӵ㜭䘀⭘ࡠᵜ᮷Ⲵཊ㓖ᶏ䈳лᲪ㜭伎㹼ಘ㡚䘩Ⲵᘛ䙏㿴ࡂˈ

㘼ф㜭䘀⭘ࡠཊњ亶ฏˈྲ˖⊭䖖ᰐӪ傮傦ˈᵪಘӪሬ㡚㌫㔏Ǆ

৸㘹ᮽ⥤

[1] 李༛⌒,ᆉ⿰䵎,李⎧ߋ.ཊ㓖ᶏᶑԦлⲴ伎㹼ಘ㡚䘩㿴ࡂ㇇⌅ [J].⭥ݹо᧗ࡦ, 2007,
14(2):34-37.

[2] Jack LittleˈCleve Molerˈmatlabᇈ㖁ˈhttps://www.mathworks.com/ˈ2019-9-22
[3] Wenzel Jakobˈpybind11ᇈ㖁ˈhttps://pybind11.readthedocs.io/en/stable/ˈ2019-9-21

A 䱺ᖋ

1 . 1 䱴ᖅа.䇠ᗶॆ␡ᓖՈݸ㇇⌅ Pythonԓ⸱

if now_id==self.len-1:

if (vertical_val >self.thet or horizontal_val > self.thet):

return -1, -1

else:

if self.vis[now_id][0] == 1:

return 1, 0

self.vis[now_id][0]=1

self.point_num += 1

self.val2id[now_id][0] = self.s_id

self.id2val[self.s_id]=now_id

self.e_id=self.s_id

self.s_id += 1

return 1,0
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if self.allow_destination(vertical_val,horizontal_val,now_id) ^ 1:

return -1,self.inf

val = vertical_val

if self.csv_data[now_id][4] == 1:

val = horizontal_val

if self.vis[now_id][val] == 1:

return 1,val

self.vis[now_id][val] = 1

self.point_num+=1

self.val2id[now_id][val]=self.s_id

self.id2val[self.s_id] = now_id

self.s_id+=1

add=0

if self.prob and self.csv_data[now_id][5]==1:

add=5000

for i in range(1,self.len):

if i == now_id :

continue

loss=(self.dist_data[now_id][i]*self.delta)

if self.csv_data[now_id][4] == 1:

# tmp=min_dist

is_ok,_val=self.get_ans(now_id,i,loss+add,val+loss)

if is_ok!=-1:

u = self.val2id[now_id][val]

v = self.val2id[i][_val]

if (v in self.is_add[u])==0:

self.is_add[u][v]=1

self.e_num+=1

self.dijkstra.add_edge(u,v,self.dist_data[now_id][i])

elif self.csv_data[now_id][4]==0:

# tmp=min_dist

is_ok,_val=self.get_ans(now_id,i,val+loss,loss+add)

if is_ok != -1:

u = self.val2id[now_id][val]

v = self.val2id[i][_val]
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# print(u,v)

if (v in self.is_add[u])==0:

self.is_add[u][v] =1

self.e_num+=1

self.dijkstra.add_edge(u,v,self.dist_data[now_id][i])

return 1,val

1 . 2 䱴ᖅҼ.Dijkstra㇇⌅ C++ԓ⸱

void dijkstra(int st,int n){

for(int i=1; i<=n; i++){

vis[i] = 0;

dis[i] = inf;

}

dis[st] = 0;

priority_queue<Node> Q;

Q.push(Node(st, 0));

Node nd;

while(!Q.empty()){

nd = Q.top(); Q.pop();

if(vis[nd.id]) continue;

vis[nd.id] = true;

for(int i=0; i<V[nd.id].size(); i++){

int j = V[nd.id][i].first;

int k = V[nd.id][i].second;

if(nd.d + k <dis[j] && !vis[j]){

dis[j] = nd.d + k;

route[j]=nd.id;

Q.push(Node(j, dis[j]));

}

}

}

}

1 . 3 䱴ᖅй.Dijkstra㇇⌅⅑Ո䐟ᖴ䇑㇇ C++ԓ⸱
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void get_next_shortest_path(int n){

int MIN=1000000000;

int au=-1;

int av=-1;

for(int _id=1;_id<=n;_id++){

for(int i=0; i<V[_id].size(); i++){

int j = V[_id][i].first;

int k = V[_id][i].second;

bool used=false;

for(int up=0;up<used_edge.size();up++){

int u=used_edge[up].first;

int v=used_edge[up].second;

if(u==_id&&v==j){

used=true;

break;

}

}

if(used){

continue;

}

if(dis[_id]+dis1[j]+k-current_min<=MIN){

au=_id;

av=j;

MIN=dis[_id]+dis1[j]+k-current_min;

}

}

}

current_min=MIN+current_min;

used_edge.push_back(make_pair(au,av));

for(int i=1;i<=n;i++){

route1[i]=route[i];

}

route1[av]=au;

}
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