
0-1੔਺ܭը๏ʹΑΔ૊߹ͤɾॱংͷ࠷దԽ
–ϑΟΪϡΞεέʔτʹ͓͚ΔϓϩάϥϜߏ੒ͷͨΊͷ–

ยۅҰݑ † Ԟాོ࢙ †

Ѫ஌ཱݝେֶ৘ใՊֶ෦৘ใՊֶՊ † ɹ

1 ͸͡Ίʹ
ϑΟΪϡΞεέʔτɼϥΠϒίϯαʔτͳͲͷԋٕछ
໨ʹ͓͍ͯɼٕɼۂͳͲͷԋٕཁૉΛɼͲͷΑ͏ͳ૊߹
ͤɾॱংͰԋͣΕ͹ɼ৹൑ɼ٬؍Λຬ଍ͤ͞Δ͜ͱ͕Ͱ
͖Δ͔ͱ͍͏໰୊͕͋Δɽ
ྫ͑͹ϑΟΪϡΞεέʔτʹ͓͚ΔϓϩάϥϜߏ੒

ʢ͋Δબख͕׈૸͢Δٕͷ૊߹ͤɾॱংʣΛܾఆ͢Δ໰
୊Ͱ͋ΔɽϑΟΪϡΞεέʔτ͸ɼબख͕نఆ࣌ؒ಺Ͱ
δϟϯϓɼεϐϯɼεςοϓͳͲͷٕΛԻָʹ߹Θͤͯ
ԋٕछ໨Ͱ͋Δɽ֤બख͸ͲͷΑ͏͏ڝ૸͠ɼಘ఺Λ׈
ͳϓϩάϥϜߏ੒Ͱ׈૸͢Δ͔ͱ͍͏͜ͱΛܾఆ͢Δ
ඞཁ͕͋ΔɽϓϩάϥϜߏ੒Λܾఆ͢Δࡍɼબख͸ࣗ෼
ͷԋٕͷಛ௃ɼମௐɼԋٕॱংɼϥΠόϧબखͷ੒੷ͳ
Ͳ༷ʑͳ৚݅Λྀ͢ߟΔ [1]ɽ
ಉ༷ʹɼ͋ΔΞʔςΟετͷϥΠϒίϯαʔτ͸ɼෳ
਺ͷۂΛɼίϯαʔτ࣌ؒ౳ͷ੍໿ͷԼͰɼ٬؍ͷධՁ
ʹͷ૊߹ͤɾॱংʣۂͳΔΑ͏ͳηοτϦετʢ͘ߴ͕
͢Δԋٕछ໨ͱΈͳ͢͜ͱ͕Ͱ͖Δɽ͔͠͠ɼͲͷΑ͏
ͳηοτϦετͰԋͣΕ͹ɼ٬؍Λຬ଍ͤ͞ΒΕΔ͜ͱ
͕Ͱ͖Δ͔Θ͔Βͳ͍ͱ͍͏໰୊͕͋Δɽ
ຊߘͰ͸ɼ্ड़ͷԋٕछ໨ʹ͓͚Δԋٕཁૉͷ࠷ద
ͳ૊߹ͤɾॱংʢҎԼϓϩάϥϜʣΛٻΊΔ໰୊Λ 0-1
੔਺ܭը๏ [2, 3]Λ༻͍ͯ૊߹ͤɾॱংܾఆϞσϧͱ͠
ͯఆࣜԽ͢Δͱͱ΋ʹɼ਺ཧ࠷దԽιϧόʔΛ༻͍ͯղ
ܾ͢Δख๏ΛఏҊ͢Δɽ͞ΒʹఏҊख๏ΛϑΟΪϡΞε
έʔτஉࢠϑϦʔεέʔςΟϯάʢҎԼஉࢠ FSʣʹద
༻͠ɼఏҊख๏ͷ༗ޮੑΛࣔ͢ɽ
ҎԼɼୈ 2અͰ͸ɼԋٕछ໨ͷϓϩάϥϜܾఆ໰୊
ΛɼҰൠੑͷ͋Δ 0-1੔਺ܭը๏Λ༻͍ͯ૊߹ͤɾॱং
ܾఆϞσϧͱͯ͠ఆࣜԽ͢ΔɽఆࣜԽͨ݁͠ՌΛɼஉࢠ
FSʹద༻͢ΔྫࣄΛɼୈ 3અʹ͓͍ͯࣔ͢ɽୈ 4અͰ
ຊߘͷ·ͱΊͱޙࠓͷ՝୊ʹ͍ͭͯड़΂Δɽ
2 ૊߹ͤɾॱংܾఆϞσϧ
ຊڀݚͰ͸ 0-1੔਺ܭը๏Λ༻͍ͯɼԋٕछ໨ʹ͓͚
Δબख΍ΞʔςΟετʹͱͬͯ࠷దͳϓϩάϥϜΛٻΊ
Δ໰୊Λ૊߹ͤɾॱংܾఆϞσϧͱͯ͠ఆࣜԽ͢Δɽ
ઌͣɼఆࣜԽʹͯ͠ࡍఆٛͨ͠ू߹ɼఆ਺ɼܾఆม਺
ΛҎԼʹࣔ͢ɽ
ʻू߹ʼ
T ɿؒظͷू߹ɹ T = {1, . . . , t, . . .MT }
J ɿԋٕཁૉͷू߹ɹ J = {1, . . . , j, . . .MJ}
ʻఆ਺ʼ
wj :ԋٕཁૉ j ͷԋٕ࣌ؒ
sj :ԋٕཁૉ j Λ੒ޭͨ࣌͠ͷಘ఺
s′j :ԋٕཁૉ j Λࣦഊͨ࣌͠ͷಘ఺
vtj ؒظ: tͰԋٕཁૉ j Λ࢝Ίɼ੒ޭͨ͠ͱ͖ͷಘ఺
v′tj ؒظ: tͰԋٕཁૉ j Λ࢝Ίɼࣦഊͨ͠ͱ͖ͷಘ఺
cab :ԋٕཁૉ aͷ࣍ʹԋٕཁૉ bΛ͓͜ͳ͏ͱ͖ͷಘ఺
LS ௿໨ඪಘ఺࠷:
pj :ԋٕཁૉ j ͷ੒ޭ֬཰
LP :ϓϩάϥϜʹೖΕΔԋٕཁૉͷ࠷௿֬཰
GT :ཧ૝ϓϩάϥϜશମ࣌ؒ
MT քϓϩάϥϜશମ࣌ؒݶ:
MJ :ԋٕཁૉ਺
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ʻܾఆม਺ʼ

xtj =

{
1 ؒظ) tͰԋٕཁૉ j Λ͢Δ)
0 (ͦͷଞͷ৔߹)

ytab =

{
1 ؒظ) t͔Βԋٕཁૉ aɼbΛ࿈ଓͰ͓͜ͳ͏)
0 (ͦͷଞͷ৔߹ʣ

zj =

{
1 (ԋٕཁૉ j Λ̍ճ΋͓͜ͳΘͳ͍)
0 (ͦͷଞͷ৔߹)

zz :ಉ͡ԋٕཁૉΛ܁Γฦͨ͠ճ਺ɼzz ∈ N
h :ϓϩάϥϜશମ࣌ؒͱ GT ͷͣΕɼh ∈ R

ͳ͓ɼؒظ t͸࣌ࠁΛ୯Ґ࣌ؒ͝ͱʹ۠੾Γɼ࣌ࠁ t−1
͔Β࢝·Γɼ࣌ࠁ tͰऴΘΔؒظͷ͜ͱͰ͋Δɽ໨తؔ
਺ɼ੍໿৚݅͸ҎԼͷΑ͏ʹͳΔɽ

ʻ໨తؔ਺ʼ

max
(
A+B + C +D + E

)
(1)

A =
∑

t∈T

∑

j∈J

(
pjsjxtj + (1− pj)s

′
jxtj

)
(2)

B =
∑

t∈T

∑

j∈J

(
pjvtjxkj + (1− pj)v

′
tjxkj

)
(3)

C =

MT−1∑

t=1

∑

a∈J

∑

b∈J

cabytab (4)

D = α× zz (5) ɼ E = β × h (6)

ʻ੍໿৚݅ʼ
∑

j∈J

t∑

s=t−wj+1

xsj ≤ 1 (∀t ∈ T ) (7)

(wj − 1 + t)xtj −
∑

k∈T

∑

l∈J

wlxkl ≤ 0

(∀t ∈ T, ∀j ∈ J) (8)
∑

t∈T

∑

j∈J′
xtj = e (9)

∑

t∈T

∑

j∈J′′
xtj ≤ f (10)

∑

t∈T

∑

j∈J′′′
xtj ≥ g (11)

xta + x(t+1)b − ytab ≤ 1 (∀t ∈ T, ∀a, b ∈ J) (12)

ytab ≤ xta (∀t ∈ T, ∀a, b ∈ J) (13)
ytab ≤ x(t+1)b (∀t ∈ T, ∀a, b ∈ J) (14)

∑

t∈T

xtj + zj ≥ 1 (∀j ∈ J) (15)

∑

t∈T

∑

j∈J

xtj +
∑

j∈J

zj −MJ = zz (16)

∑

t∈T

∑

j∈J

(
sjxtj + vtjxkj

)
+

MT−1∑

t=1

∑

a∈J

∑

b∈J

cabytab

+α× zz + β × h ≥ LS (17)
xtj(pj − LP ) ≥ 0 (∀t ∈ T, ∀j ∈ J) (18)

|GT −
∑

t∈T

∑

j∈J

wjxtj | ≤ h (19)

∑

t∈T

∑

j∈J

wjxtj ≤ MT (20)
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໨తؔ਺͸ಘ఺Λ࠷େԽ͢Δ͜ͱΛҙຯ͠ɼࣜ (1)ͱ
ͳΔɽࣜ (1)ʹ͓͚Δ A͸೚ҙͷؒظʹɼB ͸ಛఆظ
ؒʹಛఆԋٕཁૉΛ͓͜ͳͬͨͱ͖ͷಘ఺ɼC ͸ಛఆ
ԋٕཁૉΛ࿈ଓͰ͓͜ͳͬͨͱ͖ͷಘ఺ɼD ͸ಉҰԋ
ٕཁૉͷ܁Γฦ͠ͷಘ఺ɼE ͸ϓϩάϥϜશମ࣌ؒͷ
ಘ఺ɼΛҙຯ͢Δɽ
੍໿৚݅͸ࣜ (7)-(20)ʹࣔ͢ɽࣜ (7)͸֤ؒظͰ͓͜
ͳ͏ԋٕཁૉ͸̍ͭҎԼͱ͍͏੍໿Ͱ͋Δɽࣜ (8)͸ϓ
ϩάϥϜͷ్தͰͳʹ΋͓͜ͳΘͳ͍ؒظ͸ͳ͍ͱ͍
͏੍໿Ͱ͋Δɽࣜ (9)-(11)͸ԋٕཁૉͷ૊߹ͤʹؔ͢Δ
੍໿Ͱ͋Δɽࣜ (12)-(14)͸ܾఆม਺ ytabΛఆٛ͢Δ੍
໿Ͱ͋Δɽࣜ (15)-(16)͸ܾఆม਺ zzΛఆٛ͢Δ੍໿Ͱ
͋Δɽࣜ (17)͸ԋٕཁૉΛશͯ੒ޭͨ͠ͱ͖ͷ߹ܭಘ
఺Λ LS Ҏ্ͱ͢Δ੍໿Ͱ͋Δɽࣜ (18)͸ϓϩάϥϜ
ʹೖΕΔԋٕཁૉ͸ LP Ҏ্ͱ͍͏੍໿Ͱ͋Δɽࣜ (19)
͸ܾఆม਺ hΛఆٛ͢Δ੍໿Ͱ͋Δɽࣜ (20)͸ϓϩά
ϥϜશମ͕࣌ؒMT ҎԼͱ͍͏੍໿Ͱ͋Δɽ

3 ఏҊख๏ͷద༻ʢஉࢠ FSʹ͓͚ΔϓϩάϥϜߏ੒ʣ
ୈ 2અͰࣔͨ͠૊߹ͤɾॱংܾఆϞσϧΛஉࢠ FSʹ
͓͚ΔϓϩάϥϜߏ੒ܾఆʹద༻͢ΔɽҎԼɼୈ 3.1અ
Ͱ͸உࢠ FSʹ͍ͭͯઆ໌͢Δɽୈ 3.2અͰ͸૊߹ͤɾ
ॱংܾఆϞσϧΛஉࢠ FSʹ͓͚ΔϓϩάϥϜߏ੒ܾఆ
ʹద༻͢ΔͨΊͷϞσϧͷมߋ఺Λࣔ͢ɽୈ 3.3અͰ͸
਺஋ྫΛࣔ͢ɽ

3.1 உࢠ FSͷϧʔϧ
ϑΟΪϡΞεέʔτٕڝ͸ɼʮஉࢠγϯάϧʯ,ʮঁࢠ
γϯάϧʯ,ʮϖΞʯ,ʮΞΠεμϯεʯͷ 4छ໨Ͱ͋Δɽ
྆γϯάϧͱϖΞ͸ɼʮγϣʔτϓϩάϥϜʯͱʮϑϦʔ
εέʔςΟϯάʯͷ߹ܭಘ఺ͰॱҐΛܾΊΔɽ·ͨɼஉ
ࢠ FSͷಘ఺ͷࣜࢉܭ͸,

ಘ఺ =ٕज़఺+ߏ੒఺−ݮ఺ (21)

ͱͳΔɽ͜͜Ͱɼٕज़఺͸͓͜ͳͬͨԋٕཁૉʹର͢Δ
఺਺ɼߏ੒఺͸׈Γͷ࣭΍ৼΓ෇͚ʹର͢Δ఺਺ɼݮ఺
͸స౗΍ҧ൓ͳͲʹର͢Δ఺਺ͷ͜ͱͰ͋Δ [4]ɽ·ͨɼ
ٕज़఺≫ߏ੒఺>ݮ఺ͱ͍͏͕ؔ܎੒ཱͭͨΊɼຊߘ
Ͱ͸ٕज़఺ʹ͍ͭͯͷΈݕ౼͢Δɽ

ද 1: ԋٕཁૉͷछྨͱ໊শ
෼ྨ ߸هུ ԋٕཁૉ໊ (j)

(n)T (nճస)τΡϧʔϓ
(n)S (nճస)αϧί΢

δϟϯϓ (n)Lo
(n)F

(nճస)ϧʔϓ
(nճస)ϑϦοϓ 1,...,1,752

(n)Lz (nճస)ϧοπ
(n)A (nճస)ΞΫηϧ
USp ΞοϓϥΠτεϐϯ
LSp ϨΠόοΫεϐϯ 1,752,...

εϐϯ CSp Ωϟϝϧεϐϯ ...,1,771
SSp γοτεϐϯ

CoSp ίϯϏωʔγϣϯεϐϯ

εςοϓ StSq
ChSq

εςοϓγʔΫΤϯε
ίϨΦάϥϑΟοΫγʔΫΤϯε

1,772
1,773

ද ৚݅ߦ࣮:3
൪߸ ૝ఆબख pj(ٕ੒ޭ֬཰) vtj(ಛఆؒظͰͷಘ఺) cab(࿈ଓͰͷಘ఺)

1 Ӌੜ݁ݭ ༺׆ͷӋੜબखͷσʔλΛࡍ࣮ ∗ tͷ૿ՃʹͭΕͯδϟϯϓٕͷಘ఺ݮগ δϟϯϓٕͷ࿈ଓͰෛͷ஋
2 δϟϯϓ͕ۤखͳબख શͯ 1.0 શͯ 0 δϟϯϓٕͷ࿈ଓͰෛͷ஋
3 ମྗ͕ফ໣͢Δબख શͯ 1.0 tͷ૿ՃʹͭΕͯδϟϯϓٕͷಘ఺ݮগ શͯ 0
4 ສೳͳબख શͯ 1.0 શͯ 0 શͯ 0

ද 4:਺஋݁Ռ
൪߸ 1 2 3 4 5 6 7 8 9 10 11 12 13

1 4T+4Lo StSq 4A 4F 3Lz FCCoSp 3A+4T+3Lo FCLSp 4S+4Lo ChSq 4Lz CCoSp 3F
2 3Lz StSq 3A 4S 3F CCoSp 4Lz+4Lo+4Lo CLSp 4A+4T FCCoSp 4A+3Lo ChSq 4F
3 4Lz+3Lo 4S 3Lz FCCoSp StSq CCSp 4A+4Lo+4Lo 4A+4T 4F 3A 3F ChSq CCoSp
4 3F StSq CCoSp FCLSp FCCoSp ChSq 4S 4F 4Lz+4Lo 3A 4A+4Lo 3Lz 4A+4T+3Lo

∗2013 ೥ 10 ݄ 1 ೔͔Β 2018 ೥ 2 ݄ 18 ೔·Ͱͷٕڝࡍࠃձγχ
ΞΫϥεΛର৅ʹࢉग़ [5].

உࢠ FSͰѻΘΕΔԋٕཁૉ͸ɼද 1ͷΑ͏ʹ 1,752
छྨͷδϟϯϓɼ20छྨͷεϐϯɼ2छྨͷεςοϓͰ
੒͞ΕΔɽ͜ΕΒͷԋٕཁૉ͔Β֤બख͸δϟϯϓߏ 8
ɼεϐϯݸ ܭ߹ͷݸɼεςοϓ̎ݸ3 ͷԋٕཁૉݸ13
Λબ୒͠ॱংΛ͑ߟΔɽͦͷࡍɼԋٕཁૉͷ૊߹ͤɾॱ
ংʹ͸نٕڝఆʹΑΔ੍໿΋ଘ͢ࡏΔɽ·ͨɼද 1த
ͷ n͸δϟϯϓͷճస਺Λද͢ɽྫ͑͹ɼ1ճసϧʔϓ
͸ n = 1ͳͷͰ 1Loͱද͠هɼԋٕཁૉ൪߸ (j)͸ 3ͱ
͢Δɽ

3.2 ύϥϝʔλͷઃఆ
ୈ 2અͷ૊߹ͤɾॱংܾఆϞσϧΛஉࢠ FSʹ͓͚Δ
ϓϩάϥϜߏ੒ܾఆʹద༻͢ΔͨΊͷϞσϧͷมߋ఺
ΛҎԼͷද 2ʹ·ͱΊΔɽ·ͨɼ͜͜Ͱ͸ৄࡉͳ஋͸ল
ུ͢Δɽ

ද 2: உࢠ FSʹద༻͢Δ৔߹ͷมߋ఺
෼ྨ มߋର৅ มޙߋ
ू߹ J {1, . . . , j, . . . , 1, 773}

T {1, . . . , t, . . . , 13}
wj 1
sj ֤ԋٕཁૉͷૅج఺
s′j লུ

ఆ਺ vtj ؒظ t = 7ʙ13ͷδϟϯϓٕ͸ 1.1ഒ
v′tj ؒظ t = 7ʙ13ͷδϟϯϓٕ͸ 1.1ഒ
pj ֤ԋٕཁૉͷ੒ޭ֬཰
GT 13
MT 13

3.3 ਺஋ྫ
ද બखͱࡏ࣮ࣔ͢ʹ3 3ਓͷԾ૝બखͷ਺஋ྫͰ࣮
ɽ·ͨɼදͨ͠ߦ 3ʹର͢Δ݁ՌΛද 4ʹࣔ͢ɽ
ຊߘͰ͸਺ཧ࠷దԽιϧόʔʹ Python Gurobi 8.10Λ
༻͍ͨɽ֤બखͷϓϩάϥϜߏ੒͸ฏۉ 31 ෼Ͱಋग़
͢Δ͜ͱ͕Ͱ͖ͨɽڥ؀ࢉܭ͸ Intel Core i5 3.8GHzɼ
RAM=16GBͰ͋Δɽ

4 ͓ΘΓʹ
ຊߘͰ͸ɼબख΍ΞʔςΟετʹͱͬͯ࠷దͳϓϩά
ϥϜΛٻΊΔ໰୊Λղܾ͢Δख๏ΛఏҊ͢Δ͜ͱ͕Ͱ
͖ͨɽ·ͨɼఏҊख๏Λஉࢠ FSʹ͓͚ΔϓϩάϥϜܾ
ఆ໰୊ʹద༻͠ɼ༗ޮੑΛ͢ূݕΔ͜ͱ΋Ͱ͖ͨɽ
͸ɼϑΟΪϡΞεέʔτʹ͓͚Δԋٕཁૉͷग़དྷޙࠓ
ӫ͑఺ (GOE)Λྀͨ͠ߟΑΓਖ਼֬ͳఆࣜԽΛ͍ͯ͑ߟ
͘ɽ·ͨɼϥΠϒίϯαʔτʹ͓͚Δ࠷దͳۂͷ૊߹
ͤɾॱং΋͑ߟΔɽ
ݙจߟࢀ

[1] த໺༑Ճཬɼhτοϓεέʔλʔͷ͕͢͝͞Θ͔ΔϑΟΪϡΞεέʔ
τ ɼɦϙϓϥࣾɼ2017. ը๏ʹΑΔఆࣜԽೖ໳”ɼΦܭ఩໵ɼ“੔਺ߐ౻[2]
ϖϨʔγϣϯζɾϦαʔνࢽɼVol.57ɼNo.4ɼpp.190-197ɼ2012. อٱ[3]
༤ɼhװ ͋ͨΒ͍͠਺ཧ࠷దԽ-Python ͱޠݴ Gurobi Ͱղ͘ʱɼۙ୅Պ
ֶࣾɼ2012. [4] ISUɼ“δϟοδϯάγεςϜɼςΫχΧϧύωϧϋϯυ
ϒοΫɼγϯάϧεέʔσΟϯά”ɼhttps://www.jsfresults.com/
data/fs/pdfs/comm/2017hb-singles_ja_r2.pdfɼʢ࠷ऴӾཡ೔ɿ
2018 ೥ 7 ݄ 2 ೔ʣɽ[5] ISUɼ“ISU Results Figure Skating”ɼhttps:
//www.isu.org/results-fsɼʢ࠷ऴӾཡ೔ɿ2018 ೥ 7 ݄ 2 ೔ʣɽ
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